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Abstract: The efficient running of any packaging plant makes
the organization successful. To achieve the efficiency of the
packaging plant we must control and overcome the barriers which
make the plant ineffective according to the optimum efficiency.
Packaging plays an important role in all of the history of the
modern manufacturing whether it is past or in the future. Today
industries seek to improve their packaging capability in all the
possible ways in order to improve their position in the sector. This
paper focuses on packaging industry on the selection and analysis
of the barriers which are responsible for inefficiency of the
packaging plant. Organizations find difficulties in identifying the
barriers which are responsible for the efficiency of the production.
So, this requires in depth analysis in selecting the barriers,
analyzing the barriers and ranked them according to the power
they possess in the packaging industry. We have identified eight
barriers which are responsible for the inefficiency of the
packaging plant and ranked them according to the power they
possess on the packaging industry. We have applied Interpretive
Structural Modeling (ISM) on eight barriers for the analysis. This
study focuses on relating each barrier depending on the
dependence power and driving power they possess on other
barriers. This result helps the organization in overcoming the
barriers and increase the effectiveness and efficiency of the
packaging plant.
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I. INTRODUCTION

The packaging industry is one of the key industry in the all the

history of modern manufacturing whether it is in past or in the future
[1]. The competition and the growth of the packaging industry is
growing as time passes [2]. In this competitive environment, the
packaging industries must improvise in the packaging plant
production to be best out of the crowd. One of the method of
improving the industry is to improve and overcome the barriers
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involved in the packaging industries [3-5]. There are many barriers
which effects the productivity of the packaging plant. The
packaging is the process of packing the product safe and with an
aesthetic look. This helps the product to be shipped safe to the
customer and also to look good externally. In India packaging
industry is one of the growing industries according to the future
predictions. Now-a-days, the competition in the packaging industry
has been increasing enormously due to the increase of e-commerce
businesses and increase in long distance business opportunity. So,
the packaging industry must compete with the competitors and
improve the productivity in the industry [6]. In general, they are a lot
of barriers which holds back the productivity of the packaging
plants. In order to overcome the barriers, they have to identify the
barriers responsible for the inefficiency of the plant and has to
overcome the barriers to run the packaging plant efficiently.

The main focus on this paper is to identify the barriers involved in
the packaging industries and rank them according to the influence
they possess on each other. This helps the packaging industries in
identifying the barriers and make decision on overcoming the
barriers. Here the barriers are considered according to the literature
review available on the packaging industries and the advice from the
industrial experts. Here eight barriers are considered depending on
the literature review and the advice from the industrial experts of the
packaging industry. A proper packaging helps the company to
elevate its position from the industries in the market. The proper
packaging helps the product to be safe for the fragile materials. This
all can only be achieving if the packaging industry provides a better
solution and for the better solution the packaging industries must
overcome the barriers which effects the efficiency of the packaging
production. Packaging is the most crucial and important part of any
industry because this is what makes the company recognized for
their efficiency in the industry. According to Confederation of
Indian Industry (CIl) packaging is considered as one of the highly
growing industry in India. These packaging industries not only solve
the domestic requirements but also help the foreign trade business.
Due to the high competitiveness in this sector, the companies are in
need of new innovative practices in packaging and improving it in
any possible manner.

There are so many barriers impacting the effective manufacturing
which may affect the production of the plant. This study helps the
packaging industries in identifying the barriers that affects the
packaging industry and rank them according to the power they have
on influencing the barriers. We have identified 8 barriers which
effect the manufacturing and analyzed them according to the
ranking of the barriers we have used interpretive structural modeling
(ISM). This is a ranking methodology which helps the problem to be
analyzed depending on the driving power and dependence power
they possess on the barriers. Interpretive structural modeling is used
for identifying and summarizing relationship among specific
variables which defines the barriers involved in the packaging
industries. This research helps the packaging industries to
understand the barriers which affect the productivity and efficiency
of the packaging industries.
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Examination of knowledge barriers in packaging industry using Interpretive Structural Modeling (ISM)

Il. LITERATURE REVIEW

The literatures available on packaging industry and Interpretive
structural modeling, barriers affecting the packaging industries,
methodology used by early researchers on packaging and other
industries are reviewed in this section.

The research gap on packaging industry is also discussed in this
section. The interpretive structural modeling has been suggested by
many researchers for identifying and summarizing relationship
among specific variables [7]. Interpretive structural modeling has
wide application in many industries like hospitals, supply chain
managements, risk of failure etc. [8]. This interpretive structural
modeling helps to rank the barriers or criteria according to the
dependence power where the one criterion is influenced by other
criteria [9]. In this research we have identified eight main barriers
which effects productivity of the packaging industry. Here the
criteria are the barriers that affect the packaging industry. There are
many methodologies available for the ranking and for the
optimization of the criteria [10-12]. Like, DEMATEL is an
acceptable method to solve criteria involved incorporation of
indirect relations in to compressed cause and effect method [13].
Ontology based action planning and verification, is the study based
on the study of the domain or area of the properties and relationship
between different criteria. The reason for the selection of
interpretive structural modeling is because of its inter-relationship
between the criteria selected [14].

Generally, it would be complex while planning and processing of
any packaging industries [15]. There have been many research
studies based on the packaging industry [16] but industries still seek
new improvements in the packaging and also including overcoming
of the barriers to have high production in the packaging industry
[17]. There are many barriers which effects the packaging of any
product. These barriers are considered after studying all the related
literature available. We have considered eight barriers: lack of
integration of IT systems (B1), lack of technical support (B2),
unrealistic expectation of employee (B3), lack of compatibility
between diverse IT systems (B4), mismatch between individuals
(B5), reluctance to use IT system (B6), lack of training regarding
employee familiarization (B7), lack of communication and
demonstration (B8). The details about each barrier considered in this
research are presented in Table 1.

I11. METHODOLOGY

Interpretive Structural Modeling is the methodology in finding
the interrelationship among the barriers [18, 19]. The knowledge
management barriers will be analyzed with the ISM methodology,
which will predict the interrelationships of the knowledge
management routines and their various levels. For this analysis three
classes of experts were identified in a manufacturing industry from
the top, middle and low level. ISM presents the following eight steps
[20].

Step 1: The factors affecting the system under circumstance are
listed, which can be barriers, drivers, factors, criteria, objectives etc.
Step 2: From the factors identified in step 1, a contextual
interrelationship is framed among factors in relation with pairs of
factors would be examined.

For analyzing the knowledge barriers in developing Structural Self
Interaction Matrix (SSIM), the following four text symbols have
been used to represent the direction of interrelationship between two
knowledgebarriers(i,j):

V knowledge barriers i creates some influence knowledge
barriersj

A knowledge barriers j creates some influence influences
knowledgebarriersi

X knowledge barriers i and j creates some influence on each other

O knowledge barriers i and j do not creates any influence on each
other.

Step 3: A SSIM is formulated for factors, which indicates pair wise
interrelationships among factors of the system under circumstance.
The SSIM is changed into a binary matrix, called the

substituting V, A, X and O by one and zero as per the rules. The
replacement of ones and zeroes are as per the following
guidelines:(i) if the (i, j) value in the SSIM is denoted as V, the (i, j)
value in the reachability matrix will be considered as 1 and the (j, i)
value will be considered as 0, (ii) if the (i, j) value in the SSIM is
denoted as A, the (i, j) value in the reachability matrix will be
considered as 0 and the (j, i) entry will be considered as 1, (iii) if the
(i, j) value in the SSIM is denoted as X, the (i, j) value in the
reachability matrix will be considered as land the (j, i) value also
will be considered as 1, (iv) if the (i, j) value in the SSIM is denoted
as O, the (i, j) entry in the reachability matrix will be considered as 0
and the (j, i) wvalue also will be considered as O.
Step 4: A reachability matrix is formulated from SSIM and the
matrix is analyzed for checking its transitivity. The transitivity of
the contextual interrelation is a primary assumption followed in
ISM. It indicates that if a considered barrier A is related to
considered barrier B and B is related to considered barrier C, then A
is certainly relatedtoC.
Step 5: The reachability matrix derived in Step 4 is split into various
hierarchy levels.
Step 6: The oriented graphical representation is presented by
considering the interrelationships obtained from the reachability
matrix and then transitivity barriers and its relevant links are
removed.

Step 7: The subsequent digraph is changed into an ISM model, by
replacing barriers.

Step 8: The newly generated ISM model formulated in Step 7 is
analyzed for checking theoretical inconsistency and necessary
changes are completed.

IV. IDENTIFICATION AND EVALUATION OF
BARRIERS

Form the literatures available on the packaging industry and from
the advice of the industrial experts the eight barriers are selected.
These industrial experts have high experience in the packaging
industry for the decades. For the self-interactive matrix (Table 2),
the industrial experts are asked to give their opinion on each barrier
on other depending on the influencing factor. From this
self-interactive matrix, the values are changed into binary code as
per the methodology to get the initial reachability matrix (Table 3).
A final reachability matrix (Table 4) has been formulated according
to the methodology of the interpretive structural modeling. The
driving power and the driven power has been calculated and a graph
(Figure 1) is obtained with the help of dependence power and
driving power. According to the methodology the iteration on the
barriers has been performed.

V. RESULT AND DISCUSSIONS

Following the methodology of the interpretive structural
modeling, we get the final reachability matrix. Also following the
procedure of iteration of the barriers, we get to the level of 4
iterations where these results are used to find the hierarchy of the
barriers. In this hierarchy, the criteria are ranked according to
relative status with respect to the other barriers. In this section of the
paper we are elaborating the results obtained in this study. From the
final reachability matrix, we obtain with the results of dependence
power and driving power of each barrier that we selected. From the
matrix it is observed that B1(Lack of integration of IT systems),
B2(Lack of technical supports), B3(unrealistic expectations of
employee) and B6(reluctance to use IT systems) are having the high
dependence power when compared with the other barriers. This
shows that B1, B2, B3 and B6 are the barriers which are highly
affected by other barriers. These barriers are highly depending on
other barriers.
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B4 (Lack of compatibility between diverse IT systems) arrives to
be the dependence power of 7, which shows that it is the next highly
depending barrier from the rest of the barriers. BS (Mismatch
between industries), B7(Lack of training regarding employee
familiarization) and B8 (Lack of communication and
demonstration) are the barriers which are having the least depending
power from all the barriers.

If we consider the driving power of the barriers, B8 (Lack of
communication and demonstration) is having the highest driving
power with the value of 8. Here we can observe that this barrier is
having the least dependence power with the value of 1 and highest
driving power with the value 8. This shows that this barrier B8 is the
main influencing barriers than the rest of other barriers. Also, for the
industries to work effectively and to reduce the barriers that affect
the productivity of the plant, the main barrier that has to be
considered is the B8 i.e. Lack of communication and demonstration.
Also, the next barrier with high driving power is B7 (lack of training
regarding employee familiarization) with the driving power 7. As
compared to the B8; B7 is the next barrier which is having high
driving power. The dependence power of the B7 is 2. As seen in the
B8; B7 also have the low dependence power and high driving
power. Lack of training is also one of the key influencing factors in
the total barriers. B4, B5 and B6 are next barriers with the driving
power of 5. And the least driving power is obtained with the B1, B2
and B3. By using the information obtained from the final
reachability matrix, a graph has been plotted with the variables as
dependence power and the driving power.
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Fig. 1. Dependence vs. Driving power

The graph is divided in to four sub — coordinate system namely,
quadrant |, quadrant I1, quadrant 111 and quadrant I1V. The region in
the quadrant | is said to have less dependence power as well as less
driving power. In the quadrant Il the area represents high
dependence power and less driving power. In the quadrant 11 the
area represents high dependence power as well as high driving
power. And in the quadrant IV the area represents the barriers with
low dependence power and high driving power. This graph is used
to get the accurate information about which barrier is influencing
other barrier. Here we can observe that the barriers are only
designated in the quadrant IV and quadrant I1l. As discussed earlier
the barriers which are under the quadrant 111 have high dependence
as well as high driving power. The barriers B1, B2, B3, B4, B5 and
B6 fall under the quadrant 111 region of the graph. These values are
having the high dependence as well as high driving power. Also
from the quadrant 11 it is observed that barriers B1, B2 and B3 are
having the same values for dependence and driving power. The
barriers which are under the quadrant IV are B7 and B8, these
barriers are having high driving power and less dependence. If we
rank the barriers depending on the dependence power, then the
series look like this, (B1, B2, B3 and B6) > B4 > B5 > B7 > B8. This
shows that the B1, B2, B3 and B6 are the barriers which are
depended by the other barriers. If we consider the ranking of the
driving power, then the series look like B8 > B7 > (B1, B2 and B3) >
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(B5, B4, B6). Here we can observe that B8 is having the highest
driving power which implies that this barrier is one which is driving
all the barriers. From the graphs and the results obtained from the
final reachability matrix, the iteration is performed on the values of
barriers based on the methodology of interpretive structural
modeling. The iteration is followed by four stage iteration processes
in which, from each stage the barriers are eliminated and selected
barriers are sent to the next level of iteration. The iteration is
continued until we reach the final iteration stages where there are
only barriers with same antecedent sets are available. The final
barriers which are at highest level are the barriers with highest
driving power. The hierarchical level of barriers depending on the
interpretive structural modeling is shown in the flow chat
represented in the figure (Fig. 2). This shows which barriers are
influenced by other barriers.

From the results we can observe that the most influencing
barrier when compared to all the other barriers is the B8 (Lack of
communication and demonstration). Lack of communication and
demonstration is the most important barrier that has been observed
in the industry which is one of the factors in decreasing the
efficiency of the packaging industry. Next important barrier is the
B7 (Lack of training regarding employee familiarization), this
barrier is influenced by the B8 and this barrier is influencing other
barriers in the group. Lack of training to the employee is the major
factor because the employee finds difficult in understanding the
mechanism of the organization and understanding the work flow of
the organization which influences on the efficiency of the packaging
plant of the organization. Next barrier which is also the important
barrier is B5 (Mismatch between individual). Here this barrier is
influenced by B8 and B7. And this barrier is influencing the other
rest of the barriers in the group. The communication gap between
the individuals and mismatch of ideas between the individual is one
of the important barriers in the industries which makes the
organization run inefficiently. The rest of the barrier i.e. B1, B2, B3,
B4 & B6 are the barriers which are influenced by the barriers as
discussed. So, for any packaging industry to run efficiently and to be
successful in its domain the most important barriers to be considered
is B8 i.e. lack of communication and demonstration.

VI. MANAGERIAL IMPLICATION

The results obtained from the analysis of barriers in packing
industries shows that lack of communication and demonstration
plays an important role in the efficient working of the industry. The
results obtained from the interpretive structural modeling are useful
for the packaging industry to improve itself in the industry to avoid
the barriers that are affecting the packaging industry. This research
is helpful for the packaging industry in finding the most important
barriers that affect the efficiency of the packaging industry. The
ranking of the barriers helps the packaging industry in prioritizing
the barriers and improve them in the packaging industry. The results
show that the lacking of communication and demonstration with the
different level of management in the industry is the most important
barrier that needs to be improved in the packaging industry to help in
improving the efficiency of the packaging industry. So, if any
packaging industry is seeking for the improvement lack of
communication and demonstration must to avoid achieving the
efficiency. This research helps the packaging industry in improving
or increasing the efficiency of the packaging industry.

VIl. CONCLUSION

The barriers are the most common problem that are faced by the
packaging industries which makes the production of the plant
ineffective and inefficient when compared to the full working
potential of the production unit.
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The analysis of the barriers in the packaging industries using the
interpretive structural modeling methodology has not been
attempted in any of the literature provided to the best of our
knowledge. This study is mainly focused on the barriers that are
affecting the efficiency of the packaging industry. This helps in
providing the information about the barriers involved in the
packaging industries. Also, this helps to rank the barriers and
prioritize the barriers depending on the influence of the barrier on
other barriers.

As discussed in the results section, the most effecting barrier
from all the barriers selected is the lack of communication and
demonstration. This barrier has the most driving power and less
depending power when compared to the other barriers. If this barrier
is solved, then the rest of the barriers can be overcome easily and
effectively. This research helps the packaging industry in
prioritizing the barriers that affect the efficiency of the production
department. If we check the limitation of this research, since it
addresses only eight barriers which are selected from the literature
study and the advice from the industrial experts. But in the real life
situation there might be many barriers which affect the packaging
industry. These barriers are only based on the packaging industry so;
these are not applicable for any other industries. Also, there is a lot
of scope for this research in packaging industry like the supply chain
management, customer services, machine durability and so on.
Finally, this research helps the packaging industry in identifying the
barrier that is mostly affecting the efficiency of the production
department of the plant.
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3 123456 12345678 123456 |
Table- I1: Self-interactive matrix
4 12346 1234678 12346 |
Barriers | 1 | 2 | 3 | 4|5 |6 | 7|8 5 12356 123578 1235
6 12346 12345678 12346 |
1 A A V O | X| X|A|A
7 1234567 78 7
2 AALXO XY 1234567
8 8 8 8
3 A o] \Y X |0
4 A oO|lo]| o0 Table- VI: Iteration 2
. Reachability Antecedent :
5 A A Vv Barriers Set Set Intersection Set | Level
6 A A 5 12356 123578 1235 1
7 1234567 78 7
7 A
12345678 8 8
8 A
Table- VII. Iteration 3
Barriers Reacgstbility Antecedent Set Integgf tion Level
Table- 111: Initial reachability matrix
Barriers 1|2 |3|4 |5 |6 ]|7]S8 7 57 78 7 i
1 1 0 1 1 0 1 0 0 8 578 8 8
2 1 1 111 0 1 0 0 Table- VIII. Iteration 4
3 1 0 1 0 1 1 0 0 . Reachability Antecedent Intersection
Barriers Set Set Set Level
4 1 1 0 1 0 0 0 0
8 78 8 8 \Y4
5 0 0 1 0 1 1 0 0
6 0 1 0 0 0 1 0 0
7 1 1 0 0 1 1 1 0
8 1 1 1 1 1 1 1 1
Table- 1V: Final reachability matrix
Enablers | 1 | 2|3| 4 |s|6| 7| s | Driving
Power
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Examination of knowledge barriers in packaging industry using Interpretive Structural Modeling (ISM)

Lack of Lack of Unrealistic Lack of Reluctance
integration Technical expectation compatibility to use IT
of IT support of emplovee between IT systems
systems (B2} (B3) systems (B4) (B6)

L] |
[

Mismatch between
Individuals (B5)

[

Lack of training regarding
employee familiarization (B7)

Lack of communication and
demonstration (B§)

Fig. 2. Levels of ISM methodology
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