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Abstract

For the purpose of timely response to requests of any participant in the supply chain, as an integral part of
every logistics system, warehouse can be found at any place in the supply chain, between suppliers and cus-
tomers. In that sense, warehouse management involves the control and optimisation of the complex ware-
house and distribution system. It might be said that warehousing and inventory management represent sup-
port to the production process and strive to complete coordination in relations with all functions, such as mar-
keting, finance, human resources etc. Therefore, any disruption in coordination can cause serious problems
throughout the whole business process.

When there is a need for achieving operational efficiency and cost savings, warehouse management and
warehouse operations are appropriate areas, in terms of achieving savings which will not jeopardize the qual-
ity of products and services. Especially, order-picking, as part of the warehousing process, is one of the most
important activities when it is about providing savings. Order-picking process involves taking raw materi-
als/products from a specific location in the warehouse, so as to respond to requirements of production and/or
customers. It is estimated that the costs of order-picking participate with 55% in the total cost of warehousing.
However, elimination of this activity can increase the level of dissatisfaction of partners in the supply chain,
and, in that way, increase the cost of lost sales. In this regard, one should not consider elimination of order-
picking from the warehousing process as an option, but rather find a way to increase its efficiency.

Due to their flexibility in the order-picking process, people cannot be fully replaced by machines and technolo-
gies. However, equipment of order-picking process by the adequate technology could increase efficiency of
process and productivity of employees in the warehouse. In that sense, warehouse management system
(WMS) is an information technology whose implementation has the aim to increase efficiency of processes
performed in warehouse. Therefore, the aim of the paper is to emphasize the importance of implementing a
warehouse management system for improving the order-picking process, as warehouse activity. In order to
accomplish this aim, empirical research has been conducted. A random sample of companies specialized for
performing distribution activities has been chosen. The authors of the paper have analysed which segment of
order-picking process can achieve maximum benefits from implementation of this technology, but also
whether there are any limitations in terms of implementation of WMS. Based on the statistical methods (de-
scriptive statistics and cluster analyses), through the SPSS software package, the results presented in the
paper indicate the segments of order-picking process which are mostly improved by implementing the WMS,
as information technology.

Keywords
Warehouse, process, warehouse management system, order-picking.

Introduction also for the whole supply chain. Term warehouse
is often mentioned in a negative context, as the
cause of high costs and waste of time, without
adding value to the product. Such understanding

Warehouse is very important for every company,
especially for production and retail sector, but
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of warehouse and warehousing process is limited
and does not observe the key tasks of warehouse
management, such as: reducing the warehouse
cost and holding inventory, increasing efficiency,
increasing accuracy, increasing productivity while
achieving greater value for customers and higher
levels of service quality (Richards, 2014, 5). Ac-
cording to the list of tasks one can conclude that
warehousing could be used as a source of com-
petitive advantage.

Modern market conditions include increasing
customer’s power, and their greater and different
requirements in terms of quality, but also faster
and accurate delivery. Therefore, fast and accu-
rately delivery could be used by companies and
supply chains as a way of increasing competitive
advantage (Yu, 2008, p. 2). But, fast and accurate
reaction of companies or supply chains need ap-
propriate warehouse system and capacity. Beside
this, customer needs are characterized by reduc-
tion of order sizes and increase of frequencies of
order. For this reason, companies need to keep
inventories on the low level, with a possibility of
variety of products for satisfying customers'
needs. Also, in modern supply chains, warehouses
and warehousing process are characterized by
centralisation of facilities (Christopher, 2016).
This is the way for reducing warehouse costs and
decreasing inventory level. But, at the same time,
this is a challenge for warehousing, in terms of
providing higher level of service quality and lar-
ger product variety.

These trends are challenges for order-picking,
as segment of warehousing process. Order-
picking process implies retrieving individual raw
materials and/or products from certain location at
the warehouse, with the purpose of fulfilling cus-
tomer orders. So, order-picking could be a factor
of fast and accurate delivery, and a high level of
service quality. Order-picking, as labour-intensive
warehousing operation, involves checking the
availability of raw materials and/or products, as-
sembling documents, defining the schedule for
preparing orders and transportation. This opera-
tion could be very capital-intensive in situations
when warehouse is automated (De Koster, Le-
Duc, & Roodbergen, 2007).

Costs of order-picking are result of the follow-
ing activities: travelling (55%), searching (15%),
extracting (10%) and paperwork (20%) (Karasek,
2013, p. 115), and the share of order-picking cost
in total warehouse cost is about 55% (Fumi,
Scarabotti, & Schiraldi, 2013; Tompkins, White,
Bozer, & Tanchoco, 2003). The high share of or-
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der-picking costs within the structure of ware-
house costs indicates that this segment of ware-
housing process could be used for increasing effi-
ciency and improving warehousing process. This
is the reason why researchers and practitioners
have recognized order-picking process as part of
warehousing, which needs to be continuously im-
proved.

Development of information technology and
its implementation in warehouse, contribute to the
fact that this logistics activity becomes more
competitive. In that sense, warehouse manage-
ment system, as an information technology, could
be used for improving order-picking process, in
context of minimizing cost and time for order-
picking, and achieving higher level of service
quality and competitiveness.

1. The importance of improving
order-picking process

Warehouse operations are critical for each supply
chain. According to some authors (Rouwenhorst
et al., 2000), the efficiency and effectiveness of
the supply chain network depends from warehous-
ing operations and its performances. Through
warehousing operations, supply chains are able to
answer the ever changing market conditions and
uncertainty of demand fluctuations (Kim, Bahr, &
Leung, 2013, p. 414).

High warehouse costs in total logistics costs
indicate importance of managing and optimizing
of the warehousing process. According to differ-
ent studies, warehousing costs (operating and
capital) amount to about 23% of total logistics
costs in the United States (Baker & Canessa,
2009, p. 426), while in Europe these costs account
for 39% of total logistics costs (Fumi, Scarabotti,
& Schiraldi, 2013).

Warehousing process includes receiving, put-
ting away, storage, order-picking and dispatching
of raw materials/products (Berg & Zijm, 1999;
Kim, Bahr, & Leung, 2013). Order-picking is one
of the most important activities in the warehouse.
This warehouse activity includes retrieving raw
materials and/or products from the warehouse at
the request of the customer (Moellera, 2011, p.
178; Tompkins et al. 2003; Dukic, Cesnik, &
Opetuk, 2010), or presents a process of gathering
raw materials or products which are prepared ac-
cording to some customer orders (Reif, Gunthner,
Schwerdtfeger, & Klinker, 2010). Order-picking
involves defining a sequence of visiting the spe-
cific locations in warehouse space where each part
of order is stored, according to the model of trav-
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elling salesman (Daniels, Rummel, & Schantz,
1998). Also, this process could be defined as con-
solidation of one or more ordered items.

Order-picking is the most laborious and the
most costly activity in warehouse (Puki¢, Cesnik,
& Opetuk, 2010). This process has a direct influ-
ence on speed of delivery, and on the level of cus-
tomer services. So, each company in the supply
chain needs to strive for reducing time of order-
picking activity and for improving order-picking
efficiency.

Importance of order-picking process derives
from facts that this warehousing operation re-
quires the most resources, and is the most cus-
tomer-sensitive (Miller, 2004). Importance of this
process is greater because this is the last process
before delivering orders, so possible mistakes
could have a great influence on quality of deliv-
ery, and future relationships with customers and
their satisfaction.

Designing of order-picking system is very
complex task, because of close relationship be-
tween facilities, organisational structure and in-
formation management (Hompel & Schmidt,
2007, p. 30). Manufacture's trends - smaller lot-
sizes, point-of-use delivery, postponement and
customisation of product, reduction of cycle time,
as well as distribution trends - accepting late or-
ders, rapid and timely delivery have made order-
picking more an important and complex process
(De Koster, Le-Duc, & Roodbergen, 2007).

The main factors which determine efficiency
of order-picking process are: demand for raw ma-
terials/products, the warehouse layout, location of
the items, the picking method in combination with
the routing methods, experience and knowledge of
employees, as well as the level of automation of
warchouse (Gattorna, 1997). Although the last
one is very important, sometimes companies, due
to the high cost of order-picking process automa-
tion, are forced to use manual operation at the
expense of efficiency and time.

Experiences from practice have shown that
half of warehouse costs arise from the order-
picking process (Tompkins et al., 2003). The ba-
sic reasons for this situation are complexity and
labour-intensity of order-picking process. Order-
picking depends from labour, and also cost and
productivity of this operation. Completely auto-
mated warehouse and its efficiency and accuracy
are dependent from labour (Miller, 2004).

The one of the major objectives of order-
picking is maximizing the level of service quality
by available resources (labour, equipment, capi-
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tal). Service quality level depends on a lot of fac-
tors as variation of order delivery time, order in-
tegrity, and accuracy. Faster order-picking opera-
tions have influence on service quality level, be-
cause faster order of retrieving means faster deliv-
ery to the customer. Also, minimising of the total
costs is the one of the most important objectives
of order-picking process. Other objectives of or-
der-picking process are (De Koster, Le-Duc, &
Roodbergen, 2007):

* minimising the throughput time of an or-
der,

* minimising the overall throughput time,

= maximising the use of space,

* maximising the use of equipment,

* maximising the use of labour,

= maximising the accessibility to all items.

Optimisation of order-picking process includes
optimisation of duration of the following phases
(Broulias, Marcoulaki, Chondrocoukis, & Laios,
2005, p. 20):

1. travel time required for the picker to reach
the pick point,

2. search time required for the products to be
found,

3. retrieval time required for the products to
be retrieved, and

4. return time required for the picker to trans-
port the products to the order point.

Different methods of order-picking, equipment
or information technology could be used for im-
proving order-picking process. It is well known
that implementation of Warehouse Management
System (WMS) means integration in day-to-day
planning and controlling processes. This software
system presents a great support to warehousing
process. Before WMS companies were using In-
ventory Control System. But WMS has greater
results in terms of functionality and optimisation
routines (Moellera, 2011, p. 178). When its usage
started, WMS was considered important for pro-
viding information of materials/products ware-
house location, but today this is a complex and
advance technology with main goal efficiently
control of all items within the warehouse. The
primary functions of WMS may be summarized in
this way (Inoday consultancy services pvt., 2016):

= minimizes the paperwork and write off,

= fully integrated tool — organization can
make the connection between two different
systems,
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= picking, packing and shipping services,
= Jots/serial/expiry management,
= multi-carrier shipping toolkit.

The basic purpose of WMS is managing the
warchouse. Advantages of WMS could be used
for keeping record of warehouse capacity (loca-
tion management), looking to stored units (inven-
tory management) and optimizing warchouse ac-
tivities (Hompel & Schmidt, 2007, p. 46). WMS
could be an appropriate factor of improving pro-
ductivity and efficiency of all process in ware-
house. Also, implementation of WMS contributes
to planning and controlling order-picking process
with the purpose of increasing its productivity and
optimisation. Implementation of WMS could be
way for solving following problems (Inoday con-
sultancy services pvt., 2016):

* manually tasks and errors as well,

= late invoices and shipments,

* not proper information of inventory con-
trol,

= storage location of materials or products is
not fixed.

Importance of implementation of WMS is re-
flected on facilitating and speeding up of product
tracing. Expectations from implementation also
include significant reduction of search time,
which is over a 30% of total order-picking time.
(Broulias et al., 2005). Implementation of WMS
creates possibilities for developing a green ware-
house or distribution centre. For example, imple-
mentation of WMS creates opportunities for a
green warehouse by reducing paper consumption.
By implementation of WMS each company could
reduce overall warehouse costs through the opti-
misation of activities. Optimising activities by
using transportation equipment, according to
WMS requirements, could contribute to reducing
energy consumption and CO, emission.

It is true that a lot of elements of warehouse
are designed before application WMS, as ware-
house layout, selection of handling and warehouse
equipment, methods and procedures of order-
picking process, and that it could be a great prob-
lem for later implementation WMS (Benson,
2013). However, WMS is not equally important
and needed for all companies. For example, WMS
is particularly important for companies which sell
their products through the Internet, or serve a
huge number of customers and/or consumers, or
have a large number of disparate products in their
assortment. In the above mentioned examples, it is
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more difficult to carry out order-picking process,
and that is the reason why the implementation of
WMS is more important.

Table 1 Effects of WMS implementation on
order-picking process

Indicators
Increased data accuracy
Improved information sharing
between supply chain partners
Better determining of arrival
and despatch times
Reduced material handling
Faster exception management
Quality control
Supply and production conti-
nuity
Better customer services
Reduced labour
Lower costs
Reduced shrinkage
Raw materials/Product track-
Raw materials/Product ing
related Space utilisation
Reduced stockouts
Lower inventory

Source: Kim et al., 2013, 414

Benefits

Informational

Operational

Table 1 presents different indicators of bene-
fits after implementation of WMS. All indicators
are classified at three groups of benefits: informa-
tional, operational, and raw materials/product re-
lated benefits. With the purpose of analyzing the
WMS implementation importance for order-
picking, the authors have used the indicators from
Table 1. For analyzing the importance of imple-
mentation of WMS technology for order-picking
process, the following hypotheses are defined:

H1: Implementation of WMS in the warehouse
contributes to improving the order-picking proc-
ess, in terms of informational, operational and raw
materials/products related benefits.

H2: Benefits of WMS implementation are
more evident in the companies that have greater
number of clients (customers and/or consumers).

2. Research methodology

Analysis of benefits, as the results of WMS im-
plementation is necessary for justification of the
improvement of order-picking process. This
analysis is important, since order-picking process
is significant factor of competitive advantage, in
sense of lead time and cost of order-picking. Long
lead time of order-picking process influences the
delivery delay, which can be transferred through
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domino effect to other partners of the supply
chain. Also, the high cost of order-picking is a
factor of product price, and leads to consumer
dissatisfaction, especially those which are price-
oriented. Mentioned problems may be solved
through the information technology, such as
WMS.

In order to test the research hypotheses, em-
pirical research was conducted in November and
December 2016. Companies specialised in ware-
house activities were in the research focus, due to
the fact that order-picking process performs into
warehouse. According to that, the survey ques-
tionnaires were sent to the managers of distribu-
tion centres on the territory of the Republic of
Serbia. The total number of sent questionnaires
was 114, while the number of responses was 34.
Thus the response rate is 29.82%.

The sample includes 21 small and medium en-
terprises (SME) (62% of the sample) and 13 large
companies (28% of the sample), and considering
the origin of the capital, 8 companies have foreign
origin of the capital (24%). Also, some of the ob-
served companies have not implemented the
WMS yet (20% of the companies in the sample
are those that have not yet implemented the
WMS). The questionnaire consists of two groups
of questions. The first group is concerned with
general questions about the company (name and
headquarters of the company, number of employ-
ees, the origin of capital, legal form, revenue, and
number of customers). The second part of the
questionnaire is made up of specific questions
concerning the implementation of WMS within
warehouses and assessment of benefits which are
results of WMS implementation. Respondents
(warehouse managers) were asked to express their
opinion and give marks according to effects of
implementation WMS on order-picking process
(marks vary from 1 to 5, where 1 means the low-
est mark and 5 means the highest mark).

In the process of researching and hypotheses
testing, the authors used statistical methods. Be-
side the descriptive statistics (mean value, stan-
dard deviation and variance), cluster analysis was
used, for grouping objects of research in homoge-
neous groups. Forming a group of objects should
show high internal homogeneity or similarity
within the cluster and high external diversity or
between clusters (Chakrapani, 2006, p. 59). Clus-
ter analysis is used as an objective methodology
for classifying. Authors used a hierarchical
method and the centroid method for determining
distances.

Improving Order-picking Process Through Implementation of Warehouse Management System

3. Results and discussion

The authors of the paper use descriptive statistics
as a way of assessing the benefits of implementa-
tion of WMS in the sense of improving process of
order-picking according to the surveyed manag-
ers. Descriptive statistics (Table 2) shows how
managers assess individual segments of order-
picking after the implementation of WMS. The
largest contribution of WMS has been reflected in
Lower inventory (4.8824). The implementation
WMS was the least useful, according to the man-
agers' opinion, for providing Reduced labour
(1.6765). According to the managers, the number
of employees has not decreased since the employ-
ees are not assigned to other jobs. Among the
benefits, the best results from WMS implementa-
tion are recorded for the group Raw materi-
als/Product related benefits. The largest discrep-
ancy between the managers in terms of contribu-
tion of WMS exists in Better customer services
(standard deviation is 1.34873), while they agreed
concerning Lower inventory (standard deviation is
0.32703). For all variables except for Better de-
termining of arrival and despatch times, Reduced
material handling, Reduced labour and Reduced
shrinkage average marks are higher than 3. These
results show that managers positively assessed the
importance of WMS for improving the order-
picking process and recognized the benefits of
implementation this software solution.

Table 2 Descriptive Statistics

N Mean Def&ion Variance

Increased data | 5y | 34412 | 107847 | 1463
accuracy
Improved infor-
mationsharing | 9, | 30594 | o676 | 939
between supply
chain partners
Better determin-
ing of arrival and 34 | 25882 | 1.10420 1.219
despatch times
Reduced mate- | 5y | 59410 | 115316 | 1.330
rial handling
Faster exception | 34 | 33854 | 118103 | 1.395
management
Quiality control 34 | 3.7059 | 1.33778 1.790
S‘“pP'V andpro- 1 a4 | 39353 | 112973 | 1276

uction continuity
Better customer | 94 | 3384 | 134873 | 1819
services
Reduced labour 34 | 1.6765 .76755 .589
Lower costs 34 | 3.8824 97746 .955
Reduced 3 | 20412 | 95159 | 906
shrinkage
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Raw

materials/Product | 34 | 4.4706 61473 378
tracking

Space utilisation 34 | 34412 | 1.02073 1.042
Reduced 34 | 36765 | 106517 | 1.135
stockouts

Lower inventory 34 | 48824 32703 107
Valid N (listwise) 34

Source: The authors

All companies from the random sample are di-
vided into two clusters by Cluster analysis. Ac-
cording to Table 3 and clusters average marks it
can be concluded that the first cluster is made up
of companies which have lower marks for benefits
from the WMS implementation in relation to the
other cluster. After examining the affiliation of
clusters, it can be seen that all companies from the
first cluster belong to the SME category. This
could be explained by the fact that SMEs, consid-
ering limited resources, are not able to realize the
full benefits from the implementation of WMS.

Table 3 Final Cluster Centres

Cluster
1 2

Increased data accuracy 284 | 420
Improved |nformat|on sharing between 284 | 307
supply chain partners

Better determining of arrival and despatch 200 | 333
times

Reduced material handling 232 | 3.73
Faster exception management 258 | 440
Quality control 279 | 487
Supply and production continuity 279 | 3.80
Better customer services 263 | 433
Reduced labour 153 | 1.87
Lower costs 363 | 4.20
Reduced shrinkage 253 | 347
Raw materials/Product tracking 442 | 453
Space utilisation 2.95 | 407
Reduced stockouts 295 | 4.60
Lower inventory 500 | 4.73

Source: The authors

According to Table 4, the first cluster has 19
companies from the tested sample. Only two
companies from group of the SME has found into
second cluster. By calculating the average marks
of benefits from WMS implementation in large
companies and SMEs, significant difference could
be noticed. The average mark of improvement of
order-picking process by WMS implementation in
large companies is 3.987615, while this result for
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SME's is 3.003175. These marks are also confir-
mation of cluster analysis results.

Table 4 Number of Cases in each Cluster

1 19.000

Cluster 2 15.000
Valid 34.000
Missing 0.000

Source: The authors

In order to analyse the relationship between
benefits from the implementation of WMS for
improving order-picking process and number of
company's partners, the authors used the Pearson
Chi-Square test. Most of the companies in the first
cluster have a smaller number of users/partners
(up to 10). Application of Pearson Chi-Square test
showed a relationship and justification of the sec-
ond hypothesis. The value of Pearson Chi-Square
test (10.482) and p value less than 0.05 (p =
0.005) confirm the second hypothesis, that the
benefits from WMS for improving order-picking
process depends from number of partners.

Conclusion

It is beyond doubt that process of order-picking is
very significant in terms of contribution to the
competitiveness of company. However, this part
of warehouse could be used as a source of com-
petitiveness in terms of providing a higher level of
service quality, but also in terms of minimizing
costs. In the first case order-picking process is
used for customers' needs that are business ori-
ented, and for the second case focus is on price-
oriented customers. In any case, the functioning of
order-picking process depends on information
technology, such as WMS.

Empirical research results show that managers
confirm high contribution of WMS for improving
order-picking process. However, the results also
show that 90% of companies from the first Cluster
are SME. Taking into account that this group of
tested sample is limited in terms of lack of mate-
rial and immaterial resources, it could be possible,
that this is the key reason why this group of com-
panies could not get maximum benefits from
WMS. Also, the reasons could include insufficient
number of employees, employees that are inade-
quately trained for using WMS, lack of funds for
maintenance of the software, and use of incom-
plete software solutions. Moreover, in some situa-
tions it is not justified to use WMS. One such
situation is a small number of partners, i.e. when
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the warehouse or distribution centre serves a small
number of users. In addition, case studies have
shown that implementation of the WMS system
does not give positive results in all cases in large
companies, especially if the hardware is not in
accordance with the installed software. For exam-
ple, in 1993, Adidas tried to implement WMS
(combination of WMS from two different produc-
ers). The system just did not work (Supply Chain
Digest, 2006, p. 6). In 1996, Adidas was able to
respond only to 20% of total orders in North
America. For several months system was not able
to reach its full speed. The results were huge
losses of the Company (Supply Chain Digest,
2006, p. 6).

Anyway, the research whose results are pre-
sented in this paper could be observed as a pilot
study. It points out the need for further analysis of
the importance and contribution of WMS to order-
picking process and warehousing. In addition,
results of the research could be used as a basis for
examining other factors which also could be a
limitation in terms of providing the WMS bene-
fits, such as serving one or a small number of
markets, a narrow assortment for warehousing,
etc. M
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