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Abstract — Due to the current demands from the market,
technological improvements and action of competitors,
manufacturing companies are pushed to compete in shorter
product development cycles. This poses a great challenge, as
the conventional product development cycle is shortened.
Hence, companies are forced to introduce some
improvement action plans and adopt certain manufacturing
operational strategies to remain competitive and achieve a
good market share. Due to the importance of this topic, in
this paper we revise the current manufacturing
improvement plans in the literature, to establish the basis of
our future research work. The findings of this work point
towards the need to develop a system that integrates the
evaluation of the manufacturing improvement plans in the
future overall performance of the manufacturing plant and
aid in the process of decision-making.
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I. INTRODUCTION

Currently, organizations are receiving a higher push
to offer products that more reliable, with more features, at
lower prices [1], and a larger product portfolio [2]. The
users’ needs are the drivers for product design and
manufacturing. However, due to differences among users,
it becomes necessary to create a great variety of products
[3]. The increased product variety as demanded by the
market is one of the main drivers of manufacturing
complexity [2, 4].

Complex manufacturing systems are difficult to
define [5]. The complexity of manufacturing systems
appears under a variety of aspects [6], and resides in the
high number of parts that constitute these systems, as well
as the rarely simple relationships amongst these parts [5].
The complexity of the manufacturing systems results from
the great number of products, the variability in the
product mix, the multiplicity of involved processes, and
the actions from external agents [7]. In fact, the high
complexity in manufacturing systems is a consequence of
the social and technical systems interaction [8].

There are three main variants that were identified in
the literature as the origin of manufacturing systems
complexity: product, processes and operations and
systems [9-11]. The linkage among parts in a
manufacturing system affects complexity. The more
complicated the products, processes and manufacturing
systems, the higher is the cost of design, implementation,
planning, operations and control. Therefore, it is needed a

trade-off between simplicity and complexity and the
effects on competitiveness and profits [12]. Industries as
electronics, semiconductor, aerospace and automotive are
highly complex [13].

The fast technology development and the high
competition among companies lead to reduced product
life cycles. Hence, companies face the challenge of
adapting and creating an effective planning for their
facilities to be useful for a period of time longer than the
life cycle of the individual products they are producing
[14]. The reduced product life cycles tend to increase the
importance of competing in the product development
cycle time [15]. Therefore time-to-market appears as a
crucial competitive factor for companies through all
markets.  Companies  achieving  shorter  product
development cycles can achieve higher market share. and
profits [16]. The framework in Fig.1 summarizes these
interactions of the manufacturing companies, markets,
competitors and internal actions.

Considering that the manufacturing environment is
rapidly and constantly changing, with higher levels of
customization and complexity, there is higher demand for
flexibility and adaptability from companies [17, 18].
Flexibility in manufacturing systems provides advantages
as higher product quality, reduced lead times, and reduced
work-in-progress, among others [19].

The conventional life cycle of a product is divided in
four stages: introduction, growth, maturity and decline.
Sales are very much reduced in the introduction stage;
when the investments are paid, the product moves to the
growth stage; when there is a slowdown in sales, the
product enters in the maturity phase, and finally ends in
the decline stage, with a possible sales decrease [20].
With the reduced product’s life cycle, the product life
cycle curve has to move to right, as in Fig.2, meaning that
the time to introduce a product to the market and develop
it is much more reduced, and the slow-growing curve
slope of introduction and growth stages has to be much
higher, so the product achieve acceptable sales faster.

This poses a major question regarding the
methodologies, tools and strategies that are being
employed by companies to evaluate the performance
impact of their improvement actions in the manufacturing
environment. Hence, our future research question is:

RQ: How can companies assess the effect of
operational strategies (e.g. action plans) on future
operational performance?
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Fig. 1. Framework for the interactions of the manufacturing companies, markets, competitors and internal actions.

At this preliminary stage of our study, we aim at
understanding the main practices and tools that have been
used throughout time to manage the reduction in the
product’s life cycle and the impact of those strategies in
the manufacturing plant. To achieve this, we performed a
literature research, using important scientific databases
(e.g. Scopus, Science Direct, Emerald Insight, Taylor &
Francis Online, among others).

The remaining of the paper is organized as follows.
Section Il includes a review about manufacturing
improvement actions that have been reported in literature
and their impact in the manufacturing plant; and section
Il provides the most important conclusions retrieved
from the literature research and the future research
directions we will be following in the future.

I1. IMPROVEMENT ACTIONS AND IMPACT ON THE
MANUFACTURING PLANT

It is very difficult to predict the effects that decisions
and actions in the manufacturing environment, will have
in the future systems performance. This is due to the
dynamism in manufacturing that increases the number of
decisions that need to be made [8]. Good manufacturing
systems performance is highly dependent on an efficient
design, planning and scheduling on a real-time running
system [21].

Organizations achieve their goals by satisfying their
customers more effectively and more efficiently than their
competitors. For this, the performance level of an
organization is a function of efficiency and effectiveness
of the actions it adopts [22]. The speed, flexibility and
quality with which a company serves its customers,
measured against the capacity to balance the demand, the
manufacturing capacity and the supply, gives the
performance of a manufacturing organization. By
modelling the system dynamics, the operation of the

manufacturing facility can be understood and simplified,
and waste in the process can be eliminated [2].

Performance indicators for manufacturing systems are
unpredictable. In [23], the authors identified a set of four
manufacturing performance indicators: cost, time, quality
and flexibility. The authors proposed a method to analyze
the complexity of a manufacturing system, considering
the unpredictable nature of the performance indicators.
The unpredictable behavior of the performance indicators
was analyzed from a time series perspective, using the
complexity measure of the Kolmogorov Lempel Ziv.

The design of flexible manufacturing systems is very
complex. It must consider many criteria, as cost,
production, flexibility, among others. Taking this into
consideration, Borenstein, Becker and Santos [24]
proposed a method to analyze the flexible manufacturing
systems design, using integrated, systemic, global and
user-centered approach. This approach introduced a
successful method to incorporate the company’s strategy
during the stage of design of flexible manufacturing
systems. Additionally, in [25] was presented a framework
methodology to develop complex flexible manufacturing
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Fig. 2. Conventional product life cycle and reduced product life
cycle, as demanded by markets and technological development.



systems, including the simulation of system behavior.

Industrial enterprises face the challenge to deal with
complexity and uncertainty, being manufacturing strategy
of major importance to cope with these [26]. However,
the manufacturing strategy formation is a very complex
process that needs to consider deliberate and emergent
decisions and actions [27]. Due to the uncertainty
generated by complexity, several authors have claimed
that complexity reduction should be one of the goals of
operations [19, 28], as less complex systems have proved
to be more efficient and robust, and because productivity
drops as systems become more complex [10, 19].

Some common initiatives were taken for
enhancement of manufacturing processes. Some examples
of these initiatives include: 5S, lean thinking, Six Sigma,
total quality management [1], zero defects, just-in-time,
manufacturing lead time reduction [29]. However, the
impact of these manufacturing practices has not been
clearly understood, and a study [29] showed that there is
not a straightforward relationship amongst manufacturing
improvement programs and actions and manufacturing
performance.

Nowadays it is very important that firms are able to
organize their performance management. For companies
engaged in a continuous improvement philosophy, a very
common tool to be used is the PDCA (Plan-Do-Check-
Act) cycle, first introduced by Deming. In [30] the authors
concluded that the PDCA cycle can be an effective tool to
better manage performance.

Furthermore, Berrah, Mauris and Montmain [31]
considered the few quantitative approaches in literature of
Performance Measurement Systems (PMSs) as a motive
to further develop a model using a Choquet integral
aggregation operator. Their proposed model intended the
monitoring of the continuous improvement action plans,
to help managers to continuously improve the
performance of their firms, as well as more effectively
distribute resources to achieve a desired level of
performance.

When conducting a study on the data retrieved from
the third International Manufacturing Strategy Survey, the
authors in [32] found that companies that had an official
manufacturing strategy with clearly defined competitive
priorities, improvement action plans and programs where
much better aligned than those companies that did not
present a clear strategy. Companies that clearly establish a
manufacturing strategy are more successful in translating
competitive priorities in manufacturing improvement and
action programs. The manufacturing strategy is usually
more or less formally defined; however, some decisions
performed by managers are emergent. Even though the
translation of competitive priorities into improvement
programs is successful for companies with a defined
manufacturing strategy, those manufacturing action
programs also limit competitive priorities.

Delayed product differentiation has been pointed as a
means of reducing manufacturing complexity and
accomplishing competitive advantage in the market. This
included the postponing of the stages at which product

varieties and  differentiation
manufacturing systems [4].

In order to understand customers’ satisfaction level
and areas in the organization with room for improvement,
Yang [33] wused customers’ satisfaction survey.
Continuous improvement actions were found to make
possible the increase in customers’ satisfaction and
profits. The author claimed that with the information
retrieved from the customers’ satisfaction survey and by
deducing and using an optimization theory inside a
company, it becomes possible the focusing on optimal
conditions and identification of the critical attributes that
need to be improved.

Kim and Arnold [34] developed a model for
manufacturing strategy development in order to connect
the competitive priorities of the organization with the
decisions and action programs that have to be developed.
It was observed that when a company had its competitive
priorities focused on a determined goal, manufacturing
objectives and action plans were pointed to a certain
direction, to meet that goal.

It is very important that companies identify their
improvement priorities. For this reason, Barad and Gien
[35] developed a framework to aid in determining the
improvement priorities of small and medium enterprises,
by approaching a process very similar to the
manufacturing strategy formation. The authors proposed
the successful use of quality function deployment in their
framework to understand the needs from customers and
translate those needs into improvement targets.

Assuming that the best performing companies are
those that employ the best manufacturing practices, in
[36] was performed a study on the highest performing
firms of the 2002 International Manufacturing Strategy
Survey database to identify those best practices. On one
hand, the best practices that were identified corresponded
to the high focus on the process, pull production, the
productivity of equipment and environmental concerns.
On the other hand, quality management was found not to
be wvery relevant amongst the best manufacturing
practices.

The study performed by Swink, Narasimhan and Kim
[37] advanced the theory that practices affect performance
through the integration of strategy and manufacturing
capabilities as cost and flexibility. Their conclusions state
that when integrating strategy there is more efficiency in
terms of cost and product flexibility. Additionally, the
integration of strategy allows better development of
products and processes, supplier relationship, workforce
growth, just-in-time flow, among others.

appeared in the

I11. CONCLUSIONS AND FUTURE RESEARCH
DIRECTIONS

The contribution of this paper to the literature of the
improvement actions performed in the context of
manufacturing companies resides in the gathering of
information regarding recurrent improvement practices
and plans employed by managers. This is particularly



relevant because different improvement have very
different results on the complex manufacturing systems
performance.

Amongst the commonly referred actions to improve
manufacturing performance are: the alignment of actions
in the manufacturing plant with competitive priorities, the
continuous improvement actions, quality function
deployment, environmental concerns, the delayed product
differentiation, lean manufacturing, and the PDCA cycle.

Manufacturing strategy is very complex and
dependent on several factors. This is a consequence of the
volatility of expectations and demands from the market
and from the constantly improving technology and actions
performed by the competitors. Moreover, the fact that the
manufacturing plant needs to be constantly adapting to the
new requirements induced by the introduction of new
products and product variants, adds the need for
flexibility. One of the strategies that have been pointed as
a good mean of controlling the systems actions is the
modelling of system dynamics.

There is high unpredictability in performance
indicators on manufacturing companies. Hence, the
degree of difficulty in accurately understanding the
impact that manufacturing decisions and improvement
plans have on performance is aggravated.

As it would be expected, all the decisions performed
in the manufacturing companies influence the level of
performance achieved. As it is very difficult to understand
the impact that certain decisions have on the future
performance, it becomes even harder to make the
necessary decisions with safety. Even though some works
have been found in literature focusing on the impact that
manufacturing choices and complexity have on the plant
performance, this research area appears as still having
great room for improvement, especially in what concerns
to understanding the impact that product complexity has
on performance, or predicting the success or failure of a
product; but also in understanding the impact that the
operations strategy and the processing environment have
on the overall performance.

One of the drawbacks we found on the currently
available literature resides in the lack of practical
application of the frameworks developed by the authors
and their consequent performance evaluation. This opens
a research branch to be explored, with the need to proceed
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Fig. 3. Framework that serves as guide in the work to be developed.

to the real application of the theoretical frameworks, to
better understand their effectiveness and value.

Our future research directions are pointed towards
answering the research question introduced in this paper.
To achieve our goal, we plan on using a hybrid approach,
with qualitative and quantitative methods. This will allow
the evaluation of the operational choices in the real
manufacturing environment, and the quantification of the
impact that those choices have in the overall performance.
The qualitative evaluation of the system will make use of
case studies in complex manufacturing systems, which
will allow an understanding the most recurrent operational
actions performed in these environments. The quantitative
part of the method to be developed will make use of the
modelling of the system’s dynamics, to better understand
the nonlinear behavior of the systems. However, the
system dynamics looks at the system with a very broad
perspective. To overcome this shortcoming, we intend on
also using agent-based modelling to better understand the
complexity of the interactions developed among agents in
the manufacturing environment. Discrete event simulation
will also be used to have an insight about the most
relevant alterations that occur in the system from one
event to the other. Other tools might as well be useful
during the project, as neural networks or support vector
machines. This tool we intend on developing will allow
managers to act faster and more efficiently. Fig. 3 shows
the framework to be followed in the current work
development.
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