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Abstract 

 

This Master Thesis project reports the findings of an extensive research to the ordering process of 

Praxis DIY disturbed through interventions in the automatic replenishment by local stores. 

Automatic replenishment had been implemented in order to overtake the ordering process. 

Currently, stores are still occupied with ordering. The stores often disagree on the suggested 

orders by intervening in the automatic replenishment system. Local order interventions are 

investigated using different analyses at different levels. Main reasons are inventory inaccuracy, 

minimum order quantity, shelf capacity and the intuition of the store employee. Typical product 

characteristics as case pack cover, selling price and size show statistical relationships with local 

order interventions. However the impact of local order interventions is negligible in terms of 

product availability and inventory value at store level, which implies that stores can save valuable 

time through minimizing the order interventions. This master thesis recommends stores to 

reorganize their daily activities, shifting from ordering to shelf maintenance. Store managers play 

an important role in adopting a new work style at the shop floor.  Moreover several enhancements 

should be carried out at the main office; taking into account the order-up-to-levels when 

determining in the planogram, restructuring the distribution of products constrained by minimum 

order quantities and developing an approach to improve the inventory accuracy.  
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Management Summary 

 

As many retailers these days Praxis DIY uses automatic replenishment to determine when and 

which quantities to order at SKU level. The ordering process is still accompanied by interventions 

at the local stores, while Praxis strives for minimal human intervention to improve the ordering 

process by reducing the workload. On average the human interventions take 15 hours per store 

weekly which is too long as formulated by the problem definition. Currently, the ordering process 

is not performed optimal. Therefore this research project aims for an improvement of the ordering 

process at Praxis.  

Approach 

The impact of local order interventions was unknown and was therefore examined with help of 

available data of store characteristics. The automatic replenishment offers many benefits, but 

why is there still intervention in the system by the local stores? This question was solved by 

means of an extensive field research. The field research further enabled to investigate the impact 

on the inventory performance at local stores. An analysis to product characteristics was 

performed to search for relations between product characteristics and the extent to which store 

employees tend to intervene in the system. 

Outcome 

Ordering process 

Six stores were involved in the field research and 1230 interventions were measured. It appeared 

that four main drivers accounted for 87% of the interventions. As can be seen from Figure A, the 

intuition of the store employee was the main cause for interventions (29% of the cases). Store 

employees followed their intuition when their demand expectations differed from the order 

suggestion of the automatic replenishment system without any clear argument as to why this 

would be so. The other main causes were a known lack of shelf capacity (employees knew that 

there would not be enough space to accommodate the ordered products), a known incorrect 

inventory count (employees knew that the system was basing itself on an incorrect estimate of 

the shop inventory), and the minimum order quantity (the order suggestions were deleted since 

the products‟ value did not meet the minimum order value). 

 

Figure A: Motivations of store employees to intervene in the automatic replenishment system 
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Nevertheless, the field research also demonstrated that the ordering process was differently 

structured across the six stores. Some stores check the order suggestions for each order, 

whereas others only check whether the system fills up the empty shelves. The different 

approaches result in different magnitudes of causes per store. However the different structures of 

the ordering process did not affect the percentage to which the main causes account for. 

Franchisers tend to mutate more orders downwards, which can be explained that franchisers 

have to invest their working capital in the inventory. Own stores probably perceived the utilization 

of working capital in inventory as less important.  

Situations (%) 

Order intervention has improved the performance by avoiding out-of-stock 2 

Order intervention has improved the performance by avoiding excess 

inventory 

41 

Order intervention has reduced the performance by causing an out-of-stock 10 

Order intervention has reduced the performance by creating excessive 

inventory 

24 

Order interventions as result of inventory inaccuracy 23 
Table B: Evaluation of the contribution of local order interventions to inventory performance   

Of all measured interventions from the field research, 80% was evaluated on their contribution to 

performance as depicted in table B. The other 20% comprises small causes or replenishment 

orders which were not delivered. On the one hand 10% of the interventions lead to an out-of-

stock. On the other hand 2% avoid an out-of-stock. In total 8% of the interventions lead to an out-

of-stock event. However due to the low number of replenishment orders per week compared to 

the wide assortment, the impact on product availability was quite low. The observed interventions 

reduced the on-shelf availability with 0.06% which corresponds ''''' '''' '''''''''''''''''' ''''''''' profit for the 

entire organization. 41% of the interventions avoid excess inventory, however the interventions 

decreased the inventory value of the stores by just 0.08%.  

Although 43% of the interventions turned out well, the impact on availability and inventory value 

was negligible, therefore the interventions did not contribute to better performance. Furthermore, 

these numbers actually suggests that local order intervention should be minimized. Stores which 

intervene respectively to a small and large extent did not show significant differences with respect 

to inventory performance. Since the interventions do not contribute to higher performance, they 

disturb the ordering process. On average 15 hours can be saved per store per week if 

interventions are stopped. 

At the shop floor, the ordering process is disrupted as a consequence of decisions made by the 

planogram department. Shelf capacity accounted for 22% of the interventions in the automatic 

replenishment system. The suggested replenishment quantities were too much to fit on the 

shelves. Poor planograms are caused by the low degree of integration between the automatic 

replenishment system and the planograms. However this could be simply remedied by using the 

demand forecast of the buyers when planograms are determined. The narrow shelf capacity was 

confirmed by the case pack cover. The more demand the case pack covered, the more store 

employees tend to mutate downwards. Buyers have to arrange smaller case pack covers with the 

suppliers in order to improve the ordering process. 

Inventory Inaccuracy 

The research project was extended with an additional analysis to inventory inaccuracy. The 

research project demonstrated that the reported out-of-stock rate at Praxis as measured by the 

automatic replenishment system is 70% higher in reality. This decreased the product availability 
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with 2%, such that the actual availability equals 94.7%. The impact of inventory inaccuracy on 

yearly profits was estimated ''''' '''''''' '''''''''''''''' The inventory inaccuracy was measured at five stores 

and equaled on average 62%. Store managers distinguished a wide variety of causes. According 

to the store managers, the zero-confirmation was the most important cause creating distinctions 

between computerized- and actual stock.   

Five stores were selected based upon their low intervention rate, the so-called best practices, to 

explore an environment in which minimally was intervened. These best practices confirm the 

outcomes of the performed analyses in this report. The best practices demonstrate that the order 

suggestions of the automatic replenishment system can readily be followed. Even the intuition of 

the store employee was no longer a motive to intervene in the system. The shelf capacities and 

inventory inaccuracy were also invalid motivations to intervene at the best practices. As a 

consequence, these stores saved valuable time which can be used for sales activities. The store 

manager initiated the strategy of low interventions. 

Conclusions 

Local order interventions do not contribute to higher performance at store level. The impact on 

the product availability and inventory value is almost negligible. Store managers should therefore 

instruct the store employees about the narrow impact of order interventions to minimize the 

interventions. This will save valuable time which can be used for the enhancement of the 

inventory accuracy. The motivations to intervene can be remedied by other departments as well. 

At the main office, one should take into account the poor integration of order-up-to-levels and 

planograms as well as the poor provision of information about modification of order-up-to-levels, 

especially the vagueness around the replacement of the original order-up-to-levels should be 

remedied.  

Recommendations 

The store manager is of high importance in order to develop an attitude as that of the well-

performing stores, such that the ordering process improves. The store managers can be 

convinced by means of: 

 The outcome of this research project 

 The use of the well-performing stores as examples 

 The introduction of two new key performance indicators 

The Provision of a clear explanation about the automatic replenishment system directly to the 

store employees will further contribute to fewer interventions. The information should not be 

provided indirectly by way of the store manager. Moreover the reduction of the amount of store 

employees occupied with the ordering process will decrease the amount of interventions. 

Stores could increase their profits through shifting from intervening to remedying inventory 

inaccuracy. Interventions as result of inventory inaccuracy hardly affect the product availability 

due to many slow-moving SKUs and the low amount of replenishment orders compared to the 

wide assortment.  The inventory inaccuracy in itself decreases the product availability with 2.2% 

and yearly profits '''''''''' '''' '''''''' ''''''''''''''''' Therefore the stores should restructure their daily activities. 

Further research directions 

Although the outcome of the research project indicates that trust is an important cause of local 

order interventions, the extent to which store employees trust the automatic replenishment 

system was not addressed. More information about the employees‟ trust in the system may 
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enhance the recommendations to convince the employees at the shop floor of the rightness of 

the order recommendations of the automatic replenishment system. Another important point for 

further research is the enhancement of the inventory accuracy at Praxis. It is important for the 

stores at Praxis to know how to remedy inventory inaccuracy. Furthermore the integration of the 

planograms and the required order-up-to-levels implies a challenging research project. 

Contributions to science 

Earlier research suggested possible causes which bring about interventions in the automatic 

replenishment system. This research project has quantified the possible causes in such a way 

that it was addressed to what extent those causes account for interventions in the system. 

Moreover, this research project is in line with the general finding in the literature that models 

outperform humans. Even though the automatic replenishment system is far from a perfect 

predictor, the system still outperforms the decision made by humans. 
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1. Introduction Research 

1.1. Structure thesis 

This research project focuses on the ordering process as performed at Praxis DIY. The conducted 

analyses address the ordering process into detail. Currently, the ordering process is affected 

through interventions in the automatic replenishment system performed in the local stores. In 

advance of this research project, it was unknown whether these interventions lead to better 

inventory performance. Furthermore there was little known about the drivers of store personnel to 

intervene in the automatic replenishment. The research was therefore performed in two stages. 

First the drivers and impact of interventions were addressed. The second stage conducted more 

in-depth research to one important driver, namely inventory inaccuracy. The outcomes of the 

analyses lead to several recommendations which definitely contribute to an improvement of the 

ordering process carried out at the shop floor. Although various subjects should change at the 

shop floor, the recommendations will also describe enhancements at the main office of Praxis. 

The first stage starts with outlining the ordering process at Praxis. It will describe how the 

automatic replenishment determines the order-up-to-levels and in which way store employees 

mutate those order suggestions. The first stage continues with examining the impact of local 

order interventions and what store personnel actually drives to disagree on the recommended 

orders of the automatic replenishment system. After an extensive research to the ordering 

process at the shop floor, the second stage addresses the inventory inaccuracy at the Praxis‟ 

stores. After that, solutions are formulated in order to remedy the interventions. Best practices, 

represented by five stores, are part of the solutions. This first chapter will continue the 

introduction of this research project. 

1.2. Company description 

Praxis DIY is a Dutch DIY retailer offering do-it-yourself products. The product assortment satisfies 

the needs of both the experienced and novice DIY customer. The DIY retailer is part of Maxeda 

DIY. Besides Praxis DIY, Maxeda DIY operates three more retail brands in the DIY industry; 

Formido, Brico and Brico Plan-it. Maxeda was established after the take-over of the stock market 

listed company Vendex KBB in 2004. In 2006, the company abandoned the name Vendex KBB in 

favour of a new one; Maxeda, in order to emphasize its new philosophy “a passion to serve”.  

Except for the DIY formats, all retail brands are sold to other organizations. '''''''' '''''''''''''''''''' ''''' 

'''''''''''''''' ''''''''''''''''' '''' '''''''''' '''''''''''''''' '''' '''''''''''''''''  

Praxis DIY has 140 stores including 23 Megastores of which 11 also have a garden centre. About 

one fourth of the stores are owned by franchisers. The number of stores is still increasing. The 

stores are opened on initiative of the main office. The main office is located in Diemen. The 

distribution centre is located in Belgium near Antwerpen from where about 10% of the assortment 

is supplied towards the stores. The distribution centre is shared with the other DIY retail brands 

from Maxeda DIY. 

1.3. Problem Introduction 

1.3.1. DIY Retail 

In the first place Praxis operates in a very challenging market where the economic downturn 

manifested and where the competition still increases. The year 2011 will still be a year in which 



2 

 

the consumer is reserved to DIY purchases. Secondly, the DIY retail is a dynamic environment. 

Product assortments are continuously changing as a result of: 

 International sourcing: In order to stay competitive, retailers are looking for cheaper 

product locations. This means that many products are taken from the assortment and 

replaced by products manufactured somewhere in Asia.  

 Product innovations: Incremental product innovations occur and have influence on the 

existing assortment. In order to remain competitive, retailers should update their 

assortment with these innovative products.  

 Changing customer demand: As a result of changing demand, products should be 

replaced when they are no longer profitable due to decreased demand.  

The continuously changing product assortment leads to alterations in the automatic 

replenishment system, since stock levels of new and old product should respectively be initialized 

and cut down. In the third place, the DIY retail has to deal with many slow moving products. The 

assortment‟s inventory turnover is very low compared to grocery retail. As a consequence buyers 

should make the consideration whether to exclude these products, however many believe these 

slow-moving products should be in stock from a commercial point of view.  

1.3.2. Ordering process 

Before the introduction of the automated inventory replenishment system three years ago, the 

store employee checked the inventory on the shelves and subsequently ordered manually. The 

store employee decided what quantity to order and when.  

Identification technology, Electronic Data Interchange and IT Computation power enable to 

determine automatically what quantity to order and when to order at store-product level. The 

order suggestions made by the system are often compared to the existing inventory by the store 

employee. When the store employee does not agree on the suggestions, the employee is allowed 

to intervene and change the automated replenishment order. 

For most of the store employees the implementation of the automatic inventory replenishment 

system has meant a major change in their working habits. Employees experience ordering as one 

of their main responsibilities to make sure that products are available when demand occurs. One 

store employee clarified: “I feel highly responsible for the availability of the complete range of 

products”. With the coming of the automated inventory replenishment system, the store 

employee should trust the system order the right quantities at the right point in time.  

1.3.3. Supply chain structure 

Praxis stores have a size between 2,000 and 14,000 m2 and carry on average 20,000 SKUs. The 

distribution center supplies 10 % of the stock-keeping-units (SKU) to the stores. The greater part 

of the SKUs is supplied by direct-store-delivery. Part of the suppliers delivers to the store via a 

wholesaler (e.g. universo, feeder one, plieger). The wholesaler distributes products in different 

categories. The three supply channels are depicted in figure 1.  

Delivery frequency 

The stores independently order to the supplier. Most of the SKUs which are ordered by means of 

automatic replenishment are ordered weekly, hence the review period equals one week. Each 

store orders at a fixed day in the week to the supplier. The order moment has been recorded in an 

order- and delivery schedule. For most ordering moments it holds that the products of previous 

orders have already arrived and have been stacked.  
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Due to low centralization in the supply chain of Praxis, the assortment in the stores is ordered 

less frequently than retailers which possess a central DC. As a result of less frequent ordering, 

review periods are longer. Praxis stores have once a week the opportunity to order the complete 

assortment. Grocery stores often have the opportunity to order daily. Order advancement with the 

objective to smooth workload as described by Donselaar et al. (2010) does therefore not exert 

influence on the ordering behavior of the store employees at Praxis on the short term. Order 

advancement can play a role on the longer term if busier periods (e.g. Easter) are taken into 

account. 

Order restrictions 

The stores face different restrictions with respect to ordering. Well-known is the case pack size. In 

case of slow moving products the case pack size sometimes covers a long period of demand. 

Although stores need one or two selling units, they have to order more selling units due to the 

case pack.  

Small suppliers apply a minimum order quantity. If the order quantity does not meet the minimum 

order quantity, the order is not forwarded to the supplier unless the order quantity is changed 

upwards. 

The shelf space is perceived by the store employee as a restriction; namely the order suggestions 

should fit the available shelf space, because stock in the backroom is undesirable and therefore 

avoided.  

Praxis DIY

stores

Supplier

production

Supplier
distribution center

Maxeda DIY
distribution center

Customer

Wholesaler
distribution center

Centralized Delivery

Direct Store Delivery

 

Figure 1: supply chain structure Praxis  
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1.4. Relevance 

This paragraph will outline the relevance of the research project. The first section will explain how 

this project will be of relevance by identifying gaps in the literature. The second section will 

discuss the relevancy from the point of view of the company through addressing two supply chain 

related challenges. 

1.4.1. Scientific relevance  

Automatic replenishment systems are able to outperform traditional ordering through higher 

availability (Corsten and Gruen, 2003; Aastrub and Kotzab, 2009) and lower inventory holdings. 

Companies more involved in automatic replenishment benefit in terms of operational 

enhancements (Ellinger et al., 1999). Through higher availability the number of out-of-stock 

events decreases. Store ordering can take up a large part of store employees‟ time (Falck 2005). 

Automatic replenishment systems enable retailers to minimize human intervention in the ordering 

process such that less labour hours are required. As mentioned by Broekmeulen et al. (2004) the 

main part of the supply chain costs are in food retail in-store related. Therefore automatic 

replenishment systems are also suitable to reduce supply chain costs, since labour costs are 

reduced. 

The literature reports different levels of automatic replenishment systems (Angerer, 2005). The 

level of automation enables store employees whether to disagree on the order suggestions 

proposed by the automatic replenishment system. However there is little attention to the actual 

drivers to disagree on the order advices. Donselaar et al. (2010) investigated the advancement of 

orders from peak to nonpeak days by store managers. The store managers disagreed on the 

ordering advices. However, an identified gap is the lack of published information of more drivers 

behind bypassing the system in a quantitative way. If drivers are mentioned in the literature, this 

is qualitative. 

Kotzab and Teller (2005) mention a deviation from order suggestions by store managers. They 

found that store managers did not order as suggested by the headquarters in 29% of the cases 

and used those suggestions only in 12.9% of the cases. Snijders et al. (2003) also report 

disagreement of purchase experts on order suggestions. Snijders et al. (2003) demonstrates that 

a simple formula outperforms purchasing experts and thus humans are not very well equipped to 

make judgments that combine several dimensions in a noisy environment. This project will 

examine whether deviating from the recommended orders improved the inventory performance. 

This makes the project relevant in sense of examining a whole different, but still a noisy 

environment 

Both inventory inaccuracy and automatic replenishment are separately discussed in the 

literature. It is well-known that automatic replenishment relies on inventory records when making 

critical decisions (Kang and Gershwin, 2004). According to ECR Europe (2003) the performance 

of the whole automatic replenishment system is based on the inventory accuracy. Previous 

studies show discrepancies between recorded and actual stock levels (Raman and DeHoratius, 

2001; Kang and Gershwin, 2004). As a consequence items may not be ordered or excess 

inventory is created. Although inventory inaccuracy has received extensive attention, the impact 

on ordering behavior using automatic replenishment systems has not been explored. 

Product characteristics are often used to explain retail processes (Donselaar et al. 2010, 

DeHoratius and Raman, 2008; Angerer, 2005). Broekmeulen et al. (2004) mentions product 

characteristics (dimension and case pack size) influencing the available space on the shelves. 



5 

 

From a scientific point of view it is of relevance to address the relation between product 

characteristics and local order interventions in the automatic replenishment systems. 

1.4.2. Company relevance 

As all retailers do, Praxis is continually searching ways to enhance performance. In an era of 

severe competition between retailers, operational efficiency is of high importance. Although 

automatic replenishment should contribute to this efficiency, it is affected through the fact that 

employees are still occupied with ordering.  

In the first place Praxis faces a problem regarding recommended orders which are poorly followed 

by the stores. The supply chain department is wondering how to minimize the intervention rate of 

recommended orders towards the target rate. This research project will first explore the actual 

drivers behind deviated ordering behavior. Although various drivers for order interventions are 

known within the organization, the contribution of each driver separately to order intervention is 

still unknown.  

Secondly, as every retailer, Praxis faces the problem of inaccurate inventory records. Since 

automatic replenishment systems assume that inventory records are accurate, the inventory 

inaccuracy will decrease the performance of the system to some extent. This project will 

investigate the actual inventory accuracy and how this phenomenon is related to local order 

interventions. 

Finally, this research project contributes to an improvement of the ordering process at Praxis. All 

analyses aim for identifying problems and finding points of departure to remedy operational 

inefficiency. By observing store employees and using real databases, the outcomes and solutions 

become very relevant for Praxis. 
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2. Problem definition 

2.1. Problem formulation 

Although automatic replenishment has been implemented in order to minimize human 

intervention in the ordering process, ordering is still a resource demanding task. Order 

suggestions should first be accepted by store employees before being forwarded to the supplier. 

Store employees often disagree on the order suggestions. However Praxis strives for ordering 

automatically and store personnel should use their time to increase customer service. Moreover, 

store employees do not fully trust the system, which is partially caused by inaccuracies in the 

computerized information used by the system. Praxis is acquainted with these inaccuracies and 

therefore allows its stores to modify orders. The purpose of this research is to investigate the 

ordering behavior of store employees using automated inventory replenishment. Hence, the 

problem is defined as follows: 

 

 

2.2. Problem decomposition 

The ordering behavior of store employees is influenced by many factors. Figure 2 shows an 

analysis of the main areas in the shape of a Fishbone diagram. This diagram will aid to indicate 

the main focus and to denote the scope of this project. Order intervention is seen as the main 

problem and results in consumption of valuable time. For the assortment at Praxis holds that 

some products may go out-of-stock or have higher inventory level than desirable. First the 

different causes will be described. Thereafter the focus will be determined. The causes can be 

divided into the following four areas: 

Poor usage of automatic replenishment system: Store employees do often not understand why 

the system recommended certain quantities, as a result of a lack of knowledge of the system and 

the lack of communication about assortment choices by the buyers. During ordering, the store 

employee is sometimes surprised by a failing PDA. Moreover, the automatic replenishment 

system is relatively new to the organization. 

Supply chain characteristics: The large amount SKUs and suppliers makes the ordering process 

more complex. The small suppliers which deliver directly to the store lead to many different orders 

and order restrictions such as minimum order quantities.  

Correctness parameters: The rightness of the system depends on the accuracy of the 

computerized data. Planogram compliance, shelf capacity recording and inventory accuracy 

enlarges the employee‟s trust in the system and hence encourage the quick progress of ordering.  

Promotion activities cause on the one side errors in the replenishment system and on the other 

side influences the ordering behavior of store employees. 

The intuition of the store employee strongly affects the ordering behavior: Because the employee 

has a high sense of responsibility for the availability of products, the employee finds it hard to 

trust the system completely. Product characteristics are probably affecting the decisions of the 

store employee as well. 

 

Store employees spend too much time on the ordering process. 
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Figure 2: Problem areas affecting order interventions 

The research will mainly focus on the correctness of the parameters and the intuition of the store 

employee. Both areas are examined during the field research. Moreover, the intuition of the 

employees is investigated by means of an analysis to product characteristics. The supply chain 

characteristics are not totally out of scope, nevertheless this area is hard to adapt and more or 

less a matter of fact. The poor usage of the automatic replenishment system receives attention 

during the analysis to best practices.  

2.3. Research questions 

Order interventions mainly lead to waste of valuable time of store employees. The ordering 

process should further be structured in order to reduce the hours daily spend on ordering by 

stores. Therefore the main question in this project is: How could the ordering process be 

improved? The research will be focused on the understanding of ordering behavior of store 

employees. First the necessity of order interventions regarding inventory performance is 

important to understand. Secondly the actual motivations for store employees to mutate orders 

should be explored. Next solutions should be formulated to structure the ordering process. 

Subsequently the feasibility of remedying the causes underneath the motivations must be 

elaborated. The accompanied sub questions will help to answer the main question: 

1. Which part of the local order interventions does really improve the performance of the 

accompanied retail store? 

2. What are the reasons for store personnel to modify automated replenishment orders? 

3. What is the extent to which those reasons are responsible for order mutations? 

4. What are feasible solutions to catch the ordering behavior of store personnel? Is it 

possible to integrate this behavior in automated ordering decisions or are there other 

feasible solutions to implement? 
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5. What are the costs of remedying the causes in comparison with the extent to which those 

particular causes are responsible for local order interventions? 

2.4. Scope of research 

In order to delineate the research project, some boundaries have been established. 

Focus on DIY sector: The study focuses on a company in the DIY sector. As large differences exist 

between DIY retail and grocery retail, outcomes must be carefully generalized. The DIY retail 

distinguishes itself reporting very slow-moving articles, project quantities and voluminous 

products. 

Focus on ordering process: The focus will be on the operational management of store activities 

regarding inventory control. The replenishment process of store distribution will be left out of 

consideration. It is only the first part of the replenishment process, namely the ordering process 

which is closely examined. Moreover the automatic store ordering process depends on output 

from departments located outside the boundary lines of the ordering process. Solutions are 

formulated to improve the ordering process which means that employees involved in this daily 

process are part of the change plan, but departments at higher levels in the organization could be 

part of the recommendations. 

Focus on products ordered by the automatic replenishment system: The research restricts to 

SKUs ordered by the automatic replenishment system. As a consequence the manually ordered 

SKUs are out of scope. SKUs which are part of the garden centre are also out of scope, since a 

relative low number of stores have a garden centre. Moreover this product group has complex 

characteristics, like seasonality and the high chance to become obsolete. The group of SKUs 

ordered by means of automatic replenishment covers more than 90% of the assortment. 

2.5. Regulative cycle 

The regulative cycle is extremely suitable to follow in the continuation of this thesis, since it 

covers the essential phases through which the performance of a business system is improved. 

Here the business system is represented by the ordering process. Furthermore the regulative 

cycle is design-oriented, so it aims for design better conditions in order to improve the 

organization‟s performance. Therefore by following the regulative cycle, it will deliver 

improvements for the ordering process. 

Problem 

definition

Analysis & 

diagnosis

Plan of 

action

InterventionEvaluation

Problem mess

 

The first phase comprises the identification of a problem which is further diagnosed in the second 

phase. The third phase uses the diagnosis to outline the plan in order to overcome the business 

problem. In the next phase the plan is implemented in practice. The last phase evaluates the 
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previous stage and may identify new problems such that the cycle starts again. This research 

project will contain the first four phases.  

The start of each phase is depicted by means of a small representation of the regulative cycle. 

The concerning phase will be colored. 
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Stage I: Local order Interventions 

3. Ordering process 

 

Since this thesis is about improving the ordering process, the 

analysis will start with a description of the actual ordering 

process as performed at Praxis. This description offers a 

better understanding of how the automatic replenishment 

system actually works. The order-up-to-level, the stock on-

hand and the consequences of local order interventions are 

linked to each other by means of a conceptual model. This 

model will help to examine the interventions in more detail in 

chapter 5. Beside the inventory variables, the ordering 

process is also affected by the shelf capacities. This chapter 

will briefly discuss the realization of those capacities. The realization of the shelf capacities 

immediately gives rise to expect a mismatch on the shop floor. Furthermore the chapter will 

outline the magnitude of the interventions, since it is unknown what kind of interventions are 

disturbing the ordering process. 

3.1. Algorithm of the automatic replenishment system 

This section discusses the algorithm of the automatic replenishment system in more detail. The 

algorithm decides when to order and which quantities. The required inventory levels are 

determined at store-SKU level. The AR-systems has several decision rules. First, the system 

contains two types of order-up-to-levels (S), namely fixed and dynamic levels. Fixed order-up-to-

levels barely change over time. The dynamic order-up-to-level is demand driven. Both order-up-to-

levels are graphically depicted in figure 3. 

In case of dynamic order-up-to-levels, the automatic replenishment system determines the need 

of a SKU at store level weekly. This need is based on a demand forecast for the upcoming period. 

This upcoming period contains the lead time and the replenishment cycle, both depicted in figure 

4. Moreover there is strived for a service level of respectively 99.5% and 98% for A-ranked and B-

ranked items. A-ranked articles are called basic project products, which require high on-shelf 

availability. By means of historical sales data (10 weeks) the expected demand is predicted. The 

historical sales are corrected for out-of-stock events, unusual demand quantities and promotional 

activities. Beside the need, the automatic replenishment system contains a presentation norm 

which determines the minimum number of required products from a marketing perspective. The 

dynamic order up-to-level is the maximum of the presentation norm and the need.  

In terms of inventory control, the SKUs controlled by the automatic replenishment system are 

ordered according to a R,S system. The order-up-to-level is schematically represented in figure 4. 

The automatic replenishment system orders every R period and fills up to level S. The order cycle 

is equal to a week. The order up-to-level S is either the fixed level or the maximum of the 

presentation norm and the dynamic order-up-to level. The difference between S and the stock on 

hand (X) is the need and equals the recommended order quantity. Depending on the case pack, 

the recommended order quantity plus X becomes equal or some selling units greater than S at 

time R1. The recommended order quantity plus X is equal to the inventory position (Y) If the store 

employee disagrees on the suggested quantities, the inventory position becomes Y‟ instead of Y. 
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Problem mess
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As a result of the mutation the on-hand stock becomes X‟ instead of X at time L1. In case there is 

more ordered than recommended (Y‟ > Y) the mutation is upwards. Obviously if less is ordered 

than recommended by the automatic replenishment system (Y‟ < Y), the mutation is tagged as 

downwards. The order suggestions of the automatic replenishment system plus X at time R1 cover 

the demand during the lead time and one replenishment cycle. This period ends at time L2, the 

moment the second replenishment order arrives. An out-of-stock (OOS) event is defined as the 

moment X or X‟ equals zero at time L2. Of course the OOS event may occur before L2, however to 

measure the performance of the automatic replenishment system or the intervention of the store 

employee respectively X and X‟ will be used in chapter 5. The stock on-hand of respectively X and 

X‟ just before the second replenishment order arrives is denoted by      
  and       

 . 

Presentation norm

Order-up-to-level DYNAMIC

turnover

units

Order-up-to-level FIXED

turnover

units

Computed norm

 
Figure 3: schematically representation of the dynamic and fixed order-up-to-levels 

3.2. Order-up-to-level realization 

The ordering process is also affected by the shelf capacities. The automatic replenishment does 

not directly take the capacity into consideration while establishing the order-up-to-level. The shelf 

capacity can indirectly be taken into account by using the fixed order-up-to-level. According to 

Broekmeulen et al. (2004) the maximum inventory on-hand equals S-1+Q which mean that the 

shelf capacity should be able to carry the norm (S) plus the case pack (Q) minus 11. In order to 

avoid excess stock the shelf capacity must equal this maximum inventory on-hand.  

Shelf capacities are determined by the planogram department. In cooperation with the buyers, 

the planogram department determines the capacity. The decisive factors in realizing the shelf 

capacities are marketing related issues. Thereafter the shelf capacities are communicated to the 

department occupied with automatic replenishment, in order to determine the presentation norm. 

The shelf capacity is not taken into account when the demand-driven order-up-to-levels are 

computed. The planogram department does not integrate the order-up-to-levels in the realization 

of the shelf capacities. As a result, it is not guaranteed that the maximum on-hand inventory fits 

the shelf capacity. This gave rise to expect problems during the ordering process on the shop floor 

if store employees are faced with order-up-to-levels which do not fit the shelf capacity. 

                                                      
1 Broekmeulen (2004) also subtracts the demand during the lead time. Since Praxis faces many slow-

moving SKUs, this term is not taken into consideration. 
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Figure 4: conceptual model 

3.3. Interventions 

As described by the problem definition, store employees often disagree on the order suggestions, 

but what kind of order quantities does the automatic replenishment system suggest? How large 

are the mutations? Which party of the interventions is mutated upwards and which part is 

mutated downwards? This section will outline the composition of the order suggestions and 

interventions. 

The most ordered quantities (96%) recommended by the automatic replenishment system range 

between one and four case packs per SKU as depicted in figure 5. More than two thirds of the 

replenishment orders comprise one case pack. The more turnover the more case packs per order 

line will appear.  

 

Figure 5: frequency of number of case packs per order line recommended by automatic replenishment system 
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As already mentioned two directions of interventions take place as listed below.  

 The order quantity of the SKU is mutated upwards (31%). 

 The order quantity of the SKU is mutated downwards either through mutating the order 

quantity to zero (63%) or through reducing the case packs such that the SKU is still 

ordered but less (6%).  

The extent to which each type of intervention occurs is denoted between brackets. A Larger part 

of the interventions is mutated downwards. This suggests that store employees do not primarily 

concern about the on-shelf availability, because that type of intervention is aimed upwards. Since 

69% of the mutations are downwards, other drivers play a role as motive for store employees to 

intervene in the automatic replenishment system. 

Stores with higher turnovers per SKU have more case packs per order line. These stores are 

better able to mutate downwards while keeping the order quantity greater than zero. This relation 

appeared significant, thus higher turnover per SKU results in more interventions through reducing 

the case packs such that the SKU is still ordered (r = .30, p < 0.01). The reason why stores 

mutate downwards in case of more turnover is probably the narrow shelf capacity. One store 

manager confirmed this relation.  

“Since the automatic replenishment system is demand driven, higher turnover will automatically 

lead to higher order-up-to-levels which means that my shelves will be stocked fuller compared to 

an equal sized store with less turnover. My store employees have to mutate the order quantities 

downwards more frequently; otherwise we create inventory which does not fit on the shelves.” 

As a consequence of the small amount of case packs per replenishment, the mutations are also 

mostly limited to one case pack. Figure 6a shows the frequency of case packs per intervention. 

The right-hand histogram (figure 6b) shows the mutated selling units per replenishment. It 

appears that 30% of the interventions are about one selling unit more or less per order line. It is 

questionable whether mutations of just one selling unit are useful.  

 

Figure 6a (left): frequency of case packs per order line.  

Figure 6b (right): frequency of selling units per order line. 

In a sum, the order suggestion of the automatic replenishment system mainly comprises one 

case pack just as the interventions. A larger part of the interventions are mutations downwards, 

meaning that less is ordered than recommended by the system. Furthermore, the on-shelf 

availability is not the main concern of store employees. Moreover there is reason to expect the 

shelf capacity as one of the reasons to intervene in the automatic replenishment system. 
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4. Impact and causes of local order interventions at store level 

 

This chapter will investigate the impact of local order interventions on the Praxis‟ stores. Besides 

the impact, this chapter will examine possible causes of local order interventions at store level. 

Potential causes were represented by characteristics of store employees, namely age, experience 

and workload. So in the first place it is examined whether interventions influence the store‟s 

performance. Secondly it is addressed whether the employees‟ characteristics affect the amount 

of interventions.  

Although the impact of interventions was unknown, some relations were suspected with on the 

one hand interventions upwards and downwards and on the other hand on-shelf-availability, 

turnover and inventory holdings as inventory related performance indicators. The characteristics 

of store employees were involved in the analysis as potential causes. First, it was expected that 

age and experience will positively correlate with order interventions, since both variables are 

related to employees who had ordered manually a few years ago. It was expected that those 

employees tend to intervene to a larger extent, because they prefer to control the system. 

Secondly, the workload represented by the amount of SKUs per full-time-employee (FTE) will 

probably amplify the amount of order interventions due to the more available time. The more 

available time, the more employees might tend to spend time on the ordering process, which 

increases the amount of interventions. 

4.1. Method 

The relationships were examined at store level. Of the 139 stores, 136 stores were used for 

analysis purposes to inventory related correlations. Of the 136 stores, 25 franchise stores were 

excluded in the analysis to employee related characteristics, since their employee data was not 

available. Data about sales, assortment, service levels, order interventions, and employees were 

gathered. The data was corrected for the number of SKUs per store to attain appropriate 

comparable data points.  

4.2. Impact of order interventions at store level 

Table 1 shows the inventory performance and employee variables for stores which respectively 

intervene less and more than 12% of their orders. Both groups were compared using t-tests. The 

fiftieth percentile was used to divide the sample in two groups. Differences between the groups 

are denoted by delta (∆) during the analysis. Both groups do significantly differ of each other 

regarding their order intervention rate (∆ = 10.2%). Based upon these groups, the first 

relationship can be identified. Although the impact on-shelf-availability is very small (∆ = 0.1%), it 

is confirmed by literature that automatic replenishment reaches higher shelf availability. The 

turnover per SKU shows almost no difference. Just the inventory holdings per SKU show a 

significant difference (t = 2.13, p < 0.05). However significant bivariate correlations were not 

found. More order interventions do not automatically imply lower inventory holdings per SKU. This 

unclear relation is further explained by another t-test which compares franchise stores to Praxis 

owned stores. Franchisers intervene more often (∆ = 7.6%), especially by mutating the suggested 

quantities downwards. As a consequence franchise stores have significantly lower stock levels (∆ 

= ''' '''''''''''', t = -3.82, p <.05), which explains the lower inventory holdings in case of more order 

interventions demonstrated by table 1. The inventory holdings levels at franchise store can be 

explained by investing their own resources into the inventory. 
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4.3. Possible causes of order interventions 

The employee related variables hardly demonstrated any significance. The differences of the 

employee related variables between both percentiles are as expected, but the variables age and 

experience cannot be indicated as significant causes of local order interventions. Just the relation 

between order interventions and SKUs per FTE is significant (∆ = 55 SKU, t = 16.5, p < .05). This 

relationship is also significantly confirmed by the bivariate correlation coefficient (.21, p < .05). 

This significant relation suggest that the more available time store employees have, the more they 

tend to intervene in the automatic replenishment system. 

Moreover the outcomes demonstrated that higher on-shelf availability was negatively correlated 

to turnover as demonstrated by the correlation coefficient (-.65, p < .000). The opposite seems 

more logical. This negative relation is probably caused by a large amount of slow-moving items. 

These items are on stock, but deliver relatively low turnover. The inventory holdings are demand-

driven and therefore positively correlated to turnover (r = .62, p < .000).   

 Variable Less than 12% 

order 

interventions 

More than 12% 

order 

interventions 

Interventions (%) 8.5 18.7* 

Possible 

results 

On-shelf-availability (%) 98.2 98.1 

Turnover per SKU (€/week) '''''''''''' '''''''''''' 

Inventory holdings per SKU (€) ''''''''''''' ''''''''''''''* 

Possible 

causes 

Adjustment of order-up-to-level (%) 1.9 2.0 

SKU per Full Time Employees (#) 1442 1387* 

Average Age (years) 35.0 35.5 

Experience (years) 7.4 8.3 
* t-test shows significant difference p < 0.05 

Table 1: Result of t-tests 

Due to low presence of significance, the analysis was extended through introducing two 

dependent variables which represented respectively the extent to which stores mutate 

replenishment order upwards and downwards. Both directions are simultaneously examined in 

the next section. 

4.4. Hypotheses 

If orders are mutated upwards, the stock levels will increase. Higher stock levels leads to higher 

service levels. Therefore it can be expected that on-shelf-availability is positively correlated with 

changing order quantities upwards. The opposite is expected as well, namely on-shelf-availability 

is negatively correlated with changing order quantities downwards. In other words, if less is 

ordered than recommended, stock levels will drop. As a consequence the service level will 

decrease. The hypotheses become: 

Hypothesis A: Mutating order quantities upwards is positively correlated with the inventory 

holdings and on-shelf availability. 

Hypothesis B: Mutating order quantities downwards is negatively correlated with the 

inventory holdings and on-shelf availability. 

The only way to exert influence on the recommended orders of the automatic replenishment 

system by stores is to change the order-up-to-level (S). In practice, the order-up-to-level can be 

changed by submitting the order-up-to-level proposals with convincing reasons to the main office. 

The main office evaluates (based on historical sales data) the proposals and finally decides 

whether to admit the adjustment of the order-up-to level. A decrease in order interventions is 
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expected, since the recommended replenishment orders more correspond with the preferences 

of the stores. Therefore it is hypothesized: 

Hypothesis C: Mutating order quantities upwards is negatively correlated with adjusting 

order-up-to-levels. 

Hypothesis D: Mutating order quantities downwards is negatively correlated with adjusting 

order-up-to-levels. 

Employee related variables are left out of consideration, because these variables are assumed to 

be independent to the direction of the interventions. Quick analysis did not show any present 

relations. 

4.5. Results 

All directions in table 2 are as hypothesized. The fiftieth percentiles of the mutation upwards and 

downwards were used to divide the sample in two groups.  The cutoff for mutations upward and 

downward was respectively equal 4.8% and 7.3%. The on-shelf availability is indeed higher in 

case of mutating the order quantities upwards and lower in case of mutating the order quantities 

downwards. The inventory holdings are consistent with the type of intervention. The turnover per 

SKU shows also the expected directions. However, the only significant difference is the inventory 

holdings per SKU (t = -3.32, p < 0.05), which confirmed a positive relation between mutations 

upwards and inventory holdings. Therefore conclusions can hardly be drawn from this analysis at 

store level. Based on table 2, hypothesis A can partly be confirmed; mutating order quantities 

upwards leads to higher inventory levels, but does not affect the on-shelf availability.  By further 

investigating the correlation coefficients, significant relationships between the hypothesized 

variables did not appear. Thus it must carefully be concluded that more upwards mutations result 

into higher inventory levels. The opposite downwards mutations did not show significance; 

therefore hypothesis B is not confirmed. The turnover per SKU does not significantly differ, 

because of the high variation within the groups. 

The adjustment of order-up-to-levels is almost similar in both groups. Stores which mutate more 

order quantities downwards, demonstrate a higher rate of adjusted order-up-to-levels. However 

this difference was not confirmed as significant by the t-test. The differences in table 2 even 

demonstrate an opposite relationship. As mentioned above, the franchise stores intervene more 

through mutating the order quantities downwards. The influence of the franchise stores is also 

visible in the rate of adjusted order-up-to-levels. This suggests again that franchise stores are 

more active to attain the right order quantities. Although, a few franchise stores adjusted these 

levels to a large extent, the relationship between order interventions and adjusted order-up-to-

levels is insignificant. Hypotheses C and D are therefore not confirmed. 

 

 

 

Variable 

Interventions  

upwards 

Interventions downwards 

Less than 

4.8% 

More than 

4.8% 

Less than 

7.3% 

More than 

7.3% 

Interventions upward/downwards 

(%) 

3.0 7.3* 4.6 12.3* 

On-shelf-availability (%) 98.1 98.2 98.2 98.1 

Inventory holdings per SKU (€) ''''''''''''''' ''''''''''''''''* '''''''''''''''' ''''''''''''''' 

Turnover per SKU (€) '''''''''''' '''''''''''' ''''''''''' '''''''''''' 

Adjustment of order-up-to-level (%) 1.8 1.8 1.6 2.0 
* t-test shows significant difference p < 0.05 

Table 2: Results of t-tests at store level 
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4.6. Discussion 

The order interventions show low impact on the inventory performance of the stores. The on-shelf-

availability is barely affected by the extent to which stores disagree on the suggested orders at 

store level. Even the direction of the intervention does not impact the availability and turnover per 

SKU. Local order interventions do not substantially improve the ordering process. There are 

significant movements in the stock levels as a consequence of interventions in the automatic 

replenishment system, but these are quite small. The differences in inventory levels are mainly 

caused by the ordering behavior of franchise stores. The franchise stores intervene to a larger 

extent, in particular through mutating the suggested quantities downwards. Some franchise 

stores also adjusted more order-up-to-levels than average stores. It appeared that the number of 

SKUs per FTE significantly influence the extent to which stores intervene in the automatic 

replenishment system. The average age and experience per store were not related to local order 

interventions. This lack of significance is probably caused by using the store averages.  

Numerical approach 

The link between on-shelf-availability and interventions respectively upwards and downwards was 

in both cases not proved. The impact on on-shelf availability may therefore be assumed as 

negligible. The narrow impact can further be clarified if real numbers are considered. At Praxis an 

average store replenishes 1800 SKUs weekly, which is 8% of the stores‟ assortment. The worst-

case store mutates 30% of these orders downwards. If all the mutated orders results in an out-of-

stock event, the availability will maximally drop with 2.5%. For the average store the availability 

will maximally reduce 0.8%. Since it is unlikely that every mutation downwards will lead to an out-

of-stock event, the impact of intervention is quite small. The field research will come up with a 

percentage which represents the part of interventions leading to an out-of-stock event in the next 

chapter. 
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5. Causes of local order interventions on the shop floor 

 

5.1. Observations 

The previous chapter revealed the narrow impact of local order interventions on the inventory 

performance at store level. However it is still the question what store employees motivates to 

intervene. Since interventions costs time and it does not contribute to higher performance why is 

there still intervened in the system by the local stores? In order to discover the drivers behind 

local order interventions, it was decided to perform an extensive field research at the shop floor. 

The field research will supply several drivers of local order interventions. Furthermore it enables 

to focus directly on significant causes in order to remedy a substantial part of the interventions. 

This chapter starts describing the used method and the outcome of the observations. Thereafter 

the impact of the measured interventions on availability and inventory value is investigated. 

5.1.1. Method 

At six retail stores field research was conducted. Table 3 reflects the characteristics of the stores 

be involved in the field research. Each retail store was visited a week in order to measure all 

suppliers. The sample size comprises respectively two high, moderate and low order intervening 

stores. This distinction was made in order to get a suitable sample size which represents all 

Praxis stores which enables to generalize the findings to all Praxis stores. 

The ordering process was investigated by means of structured observations. The choice to use 

structured observations in this research is explained in Ebbers (2011). All orders created by the 

automatic replenishment system in the selected stores were followed. The employees were 

observed at the moment they were checking the order. In case a store employee disagreed on the 

suggested replenishment quantities, the moment was tagged as an order intervention. At that 

moment diverse attributes were measured, but first of all the motivation of the employee to 

intervene in the automatic replenishment order was recorded. 

In total 1375 interventions have taken place during the field research and 89% of these order 

interventions were measured. Percentages of the measured interventions per store are given in 

appendix B. On average the cooperation of the store employees was excellent. However store 

2219 shows a lower percentage of measured interventions since one of the employees refused to 

participate.   

5.1.2. Outcome 

This section will describe each of the motivations to intervene in the automatic replenishment 

system. The drivers are further explained through mentioning accompanying findings. 

Throughout the observations in the field research store employees mentioned the occurrence of 

an intervention with his/her motivation to the researcher. The stores spend on average 15 hours 

per week on the ordering process. The range of weekly spend hours on the ordering process vary 

between 8-30 hours. After all, 19 different motivations were observed which are grouped in 8 

causes. The final outcome of the field research is shown in figure 7. This figure shows the 

percentages to which each motivation was responsible for local order interventions. Appendix B 

demonstrates that the drivers for local order interventions vary between the participated stores. 

Apparently stores adopted their own way of intervening in the automatic replenishment, which 

means that it differs per store which cause is leading. Which cause is leading depends on the way 

stores structure their ordering process. Some stores check the suggested orders in detail on 
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order line. Others only check whether the SKUs being out-of-stock are ordered by the automatic 

replenishment system. Other stores only check the order suggestion from critical suppliers based 

on the assortment they deliver or based upon experiences in the past.  

 extent to which the stores intervene: 

low moderate high 

2048 2014 2252 2050 2219 2040 

Weekly sales (€000) '''''''''' ''''''' ''''''' '''''''''' ''''''' ''''''''''' 

No. Employees (FTE) 18.7 13.2 12.5 n.a. 14.1 20.7 

Assortment (SKUs) 18165 18251 25344 23690 17451 27245 

floor area (m2) 2126 2588 3468 3582 1713 4667 

Order lines per week (#) 2417 1378 1386 1879 1796 1754 

Order intervention (%) 4.52 5.52 8.83 9.94 20.11 31.25 

Measured Interventions 

(%) 

98 100 99 95 66 90 

Table 3: Stores involved in field research 

 

Figure 7: Bar chart representing the causes which account for the local order interventions 

Intuition of the employee as motive to intervene 

29% of the interventions were caused by feelings and experience of the store employee. The 

intuition of the employee is the determinative factor during these interventions. The intuition was 

stimulated by the employee‟s lack of trust in the automatic replenishment system. In case the 

store employee intervened, he/she expected to outperform the replenishment system. The 

following intuition related causes were measured: 

 Expecting more demand (15%). The employee‟s expectation of future demand does not 

correspond with the order suggestion. Through ordering more items the employee creates 

a higher availability. In 20% of the cases this motivation was argued due to expected 

project quantities.  

 Expecting less demand (4%). A smaller part of the interventions was mutated downwards 

as a result of expecting less demand. The employee perceives the order-up-to-level as too 

high.  

 Stimulate sales by creating fuller shelves (10%). Store employees expect more sales if the 

shelves are full. In that case, the store employee assessed the inventory from a marketing 

point of view. Fuller shelves create more demand is an often heard argument during the 
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field research, since fuller shelves look nicer. Based on the outcome of the analysis to 

store characteristics (chapter 4), stores which tend to order more than recommended do 

not show significantly higher turnover per SKU.  

Shelf capacity as motive to intervene 

The store employees mutated the order quantities downwards if they perceived that the 

recommended order quantities do not fit on the shelf. 22% of the interventions were caused by 

narrow shelf capacity. In 10% of these mutations the employee indicated the large case pack as 

cause. Some products were mutated at several sample stores. These products were further 

analyzed on the relation between the order-up-to-level and shelf capacity, both parameters are 

based on different starting-points as outlined in chapter 3. It was checked whether the shelf 

capacity could carry S+Q-1. Appendix C shows 27 SKUs which were checked. Two SKUs are taken 

as example in table 4. The bold numbers demonstrate that S+Q-1 did not fit on the shelf. The 

second example show that even S did not fit. 

Product Description C S Q u S+Q-1 

1013006 TLD 18W 22 16 10 3.6 25 

5047938 HALO REFL 50W 230V GU10 2ST 10 16 8 3.1 23 

Table 4: Examples of too small shelf capacities 

From the 27 SKUs, the maximum inventory on-hand did not fit for 21 SKUs, of which 12 SKUs 

had demand-driven order-up-to-levels which did not fit on the shelf. From the remaining 6 SKUs 

the order-up-to-level was adjusted to a fixed level or the demand was decreased through which 

the maximum inventory did fit. The above mentioned examples show that the store employee 

indeed faces problems with respect to shelf capacity. The employee had to decide either to create 

excess stock or to intervene in the automatic replenishment system. 

Minimum order quantity as motive to intervene 

17% of the interventions were caused by the fact that the order value (V) does not meet the 

minimum order value (VMOQ) from which the supplier will deliver the order against post-free. In 

order to meet the MOQ, the stores intervene in the automatic replenishment system. First option 

is to upgrade the order by increasing the suggested quantities. Second option is to delete the 

complete order.  This trade-off is based on the ratio of V and VMOQ. These trade-offs measured in 

the field research were analyzed. The average ratio of upgraded orders (group) values 0.70. 

Deleted orders had an average ratio of 0.36. Both probabilities were approached by means of a 

normal distribution which is depicted in figure 8. It appeared that the probability to „upgrade‟ 

equaled the probability to „not delete‟ was located at the ratio of 0.55. Store employees are more 

inclined to upgrade the order if V is greater than 55% of VMOQ. Appendix A shows an overview of 

suppliers which causes local order intervention.  
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Figure 8: probability of deleting and upgrading the order. 

Inventory inaccuracy as motive to intervene 

Inventory inaccuracy occurs when the actual inventory does not correspond with the 

computerized inventory. The automatic replenishment system will provide poor order suggestion. 

As a consequence the inventory accuracy gives rise to intervene the automatic replenishment 

order. However the store employee does not always notice this difference, since the suggested 

replenishment quantities are not checked one by one. It does even not imply that when the store 

employee observes inaccurate inventory, the order quantity is mutated. On average, 19% of the 

order interventions were caused by inventory inaccuracy. Store 2014 observed differences 

between the stock on-hand and computerized stock, however limited interventions occurred (8%). 

On the other hand, while store 2048 intervened to a small extent, the store was focused on 

inventory inaccuracy while checking the order suggestions, which result in a high percentage 

interventions as a result of inventory inaccuracy (29%). 

The inventory inaccuracy results in automatic replenishment orders of poor quality. It is up to the 

store employee to correct the order quantities. However as described above, the stores did not 

apply similar approaches. Therefore stores differently react to inventory inaccuracy. Moreover the 

inventory inaccuracy arises from numerous causes. The causes behind inventory inaccuracy will 

be further examined in chapter 7.  

Small drivers of order interventions 

The rest of the local order interventions (14%) were caused by smaller causes. In the first place, 

store employees are sometimes tend to delete the complete order and next order manually (4%).  

Main reasons for employees to do so are the perceived errors on the suggested order. The order 

comprises a set of issues like inventory inaccuracy, missing SKUs and low recommended 

quantities. Second promotional activities were responsible for inadequate order proposals (2%). 

Store employees perceived the order quantities were based on unusual high demand from 

previous promotion. Furthermore if the store employee knew the SKU became a promotional 

product, the order suggestions were increased. The third small cause is seasonal related issues 

(2%). In case the SKU is sensitive for seasons, the store employee was expecting more or less 

demand than the automatic replenishment system forecasted.  The last group of drivers consists 

of diverge causes as wrong EAN codes, more available facings, SKU is not sold in that particular 

store, old assortment have to sold first, shelf life, etc. Appendix D show all measured causes. 
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5.1.3. Discussion 

Four main drivers were distinguished which accounts for 87% of the driver behind local order 

interventions at Praxis. The intuition of the employee accounts for the largest part of the 

interventions. These interventions appear when the recommended quantities differ from the store 

employee‟s expected demand. Another motivation which is driven by intuition is the expectation 

of more demand when shelves are completely filled. However this was not confirmed at store 

level. The shelf capacity is also a significant driver to intervene, which is caused by dissimilarity 

between the planogram and the required shelf capacity. The MOQ plays an important role in the 

ordering process, since it accounts for 17% of the interventions. It appeared that store employees 

tend to upgrade the order value if the suggested order is about 55% of the MOQ. The inventory 

accuracy causes 19%, however the store employees do not intervene for every observed inventory 

inaccuracy. This link between inventory inaccuracy and interventions mainly depends on the 

ordering approach. 

Stores adopt different approaches regarding the ordering process. These different approaches 

were made visible in Appendix B. The different ordering approaches lead to different extents to 

which causes account for local order interventions. This means that the outcome of extents to 

which the drivers accounts for local order interventions, is primarily an average and does not 

represent the individual stores. The average time spend on local order interventions per store is 

about 15 hours, which implies a significant potential gain in time for stores. Again, the stores 

differ in the total time spend on the ordering process, determined by the ordering approach. Total 

time spend differs between 8 and 30 hours per week. 

In order to reduce the amount of order interventions considerably, the focus should not be on just 

one cause. Furthermore the motivations to intervene are not only caused locally. The 

departments responsible for the shelf capacities are also important to involve in the change plan 

to improve the ordering process. 
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5.2. Do local order interventions improve the inventory performance? 

Although stores tend to intervene as a consequence of various motivations, chapter 4 concludes 

that the interventions barely affect the inventory performance at store level. Therefore this 

chapter further examines the measured interventions during the field research. The impact of 

each of the drivers is separately investigated. Hence, this chapter demonstrates how the 

inventory performance is affected by each of the drivers separately. The intervention will be 

assessed on their contribution to better inventory performance. It will be tested to which extent 

store employees outperform the automatic replenishment system regarding availability and 

inventory levels. In the end, this chapter is able to assess whether order interventions increase or 

decrease the inventory performance at Praxis. 

5.2.1. Method 

The orders suggested by the automatic replenishment system determine the required inventory to 

bridge the demand before the next order arrival moment. As depicted in figure 4, the next order 

arrival moment takes place at time L2. It was measured whether both inventory positions      
   

and       
  were positive before moment L2. If Y‟ > Y and      

  was positive, it mean that the 

intervention had lead to more inventory than required. If Y‟ > Y and      
   was negative, it 

means that the store employee had outperformed the automatic replenishment system. If Y‟ < Y 

and       
  was negative, it mean that the interventions had lead to an out-of-stock event. On 

the other hand if again Y‟ < Y and       
  was positive, it mean that the intervention had lead to 

better inventory levels through avoiding excess stock. Two described situations as a result of local 

order interventions, lead to worse inventory performance and two situations lead to better 

inventory performance. Table 5 lists the different situations. The difference in inventory value was 

determined by means of subtracting the order value pertained to Y from the order value pertained 

to Y‟.  

situation Performance as result of LOI 

Y‟ < Y (downwards)       
   > 0 Improved by avoiding excessive inventory 

      
   ≤ 0 Reduced by creating an out-of-stock 

Y‟ > Y (upwards)      
   > 0 Reduced by creating excessive inventory 

     
   ≤ 0 Improved by avoiding an out-of-stock 

Table 5: The contribution to inventory performance of each thinkable situation 

5.2.2. Outcome 

The outcomes are divided in the two directions in which local order interventions occur, 

downwards and upwards. Table 6a and 6b show the outcome. The first three columns denote the 

situations and the accompanying causes. The fourth column represents the number of observed 

cases measured in the field research. Subsequently, the fifth column show the percentages of 

respectively avoiding and creating an out-of-stock expressed in percentages. Table 6a and 6b 

respectively show the downwards and upwards mutations. 

Impact of the minimum order quantity 

In case of Y‟ < Y, the MOQ had reduced the performance in 36% of the times. As a consequence 

of penalties due to low order values, SKUs were going out-of-stock before L2. Some SKUs were 

already out-of-stock at time R1. However due to additional costs, the policy at Praxis is to delete 

the orders if V is smaller than VMOQ. Most of the time, the suppliers do not deliver at all, only if the 

MOQ is exceeded. On the other hand, the MOQ reduced inventory levels of SKUs which were still 

available at L2. It can be stated that these interventions had lead to an improvement of the 

inventory, since demand was fulfilled with fewer products on the shelves. As a result of the MOQ, 
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the upgraded orders improved the availability in 14% of the times. On average the inventory value 

dropped ''''''''''' ''' '''''''''' per store due to the MOQ. 

Impact of the shelf capacity 

Of these interventions caused by limited shelf capacity, 9% was going out-of-stock before time L2. 

Of these out-of-stock events, one third was already out-of-stock at time R1, which indicates that 

these SKUs go repeatedly out-of-stock. The remaining 91% of the interventions did actually lead 

to better performance, because of those SKUs all demand was satisfied without creating out-of-

stock events. As a result of interventions due to narrow shelf capacity, the inventory value 

''''''''''''''''''''''' ''' ''''''''''''' on average per store. 

Impact of the intuition of store employee 

Store employees outperformed the automatic replenishment system in 10 % of the interventions 

as a consequence of expecting less demand. In case of expecting more demand, the store 

employee outperforms the system in 7%. Through raising the inventory levels motivated by 

stimulating sales, 8% of the interventions avoided an out-of-stock event. The opposite occurred in 

92% of the interventions in which stimulating the demand actually lead to excess stock. The same 

rate was found in case the store employee expected more demand; 93% of these interventions 

results into excess inventory. However expecting less demand avoided excess stock in 90% of the 

interventions. In total the intuition of the store employee increased the inventory value on average 

'''''''''' ''' ''''''''''' ''''''' store. 

Impact of local order interventions 

The created and avoided out-of-stocks were divided by the 130,000 SKUs from the stores 

involved in the field research. It appeared that the availability was hardly affected by the local 

order interventions. Table 7 shows the impact of each of the motivations. The impact on 

availability varies from 0.01% to 0.06% which is almost negligible. If local order interventions did 

not take place the availability increased with 0.06%, as denoted by the sum in table 7. 

The missed turnover as a result of lower availability was approached. In total the number of SKUs 

is 3.1 million at Praxis. The turnover per SKU '''''''''''''''' '''' ''''''''''' ''''''''' '''''''''''. If 1% of the assortment is 

not available during the year, it will reduce the turnover with ''''''''' ''''''''''''''''' ''' '''' ''''''''''' ''' '''''''''' ''' ''' '''''''' 

million. The average margin is 50% and therefore 1% less availability results '''' '''' ''''''''' ''''''''''''''''' 

fewer margin. The impact of local order interventions is 0.06% which results therefore in ''' 

'''''''''''''''''''' '''''''''''''' ''''''''''''''''. So if order interventions did not take place the margin of Praxis increases 

'''' '''''''''''''''''''''' 

In chapter 4 it was hypothesized how many order interventions result in an out-of-stock event. 

Here, the numerical approach is continued. The outcome of the field research (table 8) show 10% 

and 2% of the intervention respectively create and avoid OOS which means that on average 8% of 

the interventions causes an OOS. If the numeric example from chapter 4 is continued, the 

availability maximally drops 0.2%. The local order interventions during the field research created 

0.06% less availability, which differs from the approach. However the impact of inventory 

inaccuracy on OOS was not analyzed, which may explain some of the difference. All-in-all the 

impact of all interventions on the service level is quite low. Therefore the field research confirms 

the findings of the analysis to store characteristics in chapter 4. 

The inventory value decreased ''' ''''''''' '''''' average. If the involved stores represent all Praxis‟ 

stores, which is actually confirmed by their intervening percentage, the inventory value of Praxis 

will increase '''''' ''' '''''''''''''''''''''''' This value is determined according to table 7. The shelf capacity 
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causes the largest reduction in availability. At store level the relative decrease in inventory value 

is rather small. The decrease is about 0.08% of the complete inventory.  

 motivation    inventory value 

Y‟ < Y minimum order quantity Y‟ > 0 129 64% '''' '' '''''''''' 

Y‟ ≤ 0 71 36% 

small shelf capacity Y‟ > 0 238 91% ''' '' ''''''''''''''' 

Y‟ ≤ 0 22 9% 

“Expecting less demand” 

(Intuition) 

Y‟ > 0 38 90% '''' '' ''''''''' 

Y‟ ≤ 0 4 10% 
Table 6a: percentage of going or not-going out-of-stock of downwards mutations 

 

 motivation    inventory value 

Y‟ > Y minimum order quantity Y > 0 12 86% ''' '''''' 

Y ≤ 0 2 14% 

“Increase sales by creating 

fuller shelves” 

Y > 0 100 92% ''' '''''''''' 

Y ≤ 0 9 8% 

“Expecting more demand” 

(Intuition) 

Y > 0 126 93% ''' '''''''''' 

Y ≤ 0 10 7% 
Table 6b: percentage of going or not-going out-of-stock of upwards mutations 

Impact at Praxis (as consequence of interventions) 

motivation ∆ service level (%) ∆ Inventory value (''') 

MOQ -0.05 '''''''''''''''''' 

shelf capacity -0.02 '''''''''''''''''''' 

Intuition store employee 0.01 '''''''''''''''''''''''' 

Inventory Accuracy n.a. ''''''''''''''''''''' 

total impact -0.06 '' ''''''''''''''''''' 

per store -0.06 ''''''''''''' 
Table 7: impact of local order interventions 

5.3. Discussion 

Table 8 reports 80% of the interventions evaluated on their inventory performance. This table 

equals table 5, but then filled in. On average 8% of the interventions lead to an OOS. The out-of-

stock events before the next order arrival moment increased to a small extent as a consequence 

of local order interventions, from which may concluded that local order interventions are generally 

unnecessary. The inventory value decreased ''' '''''''''' per store as a result of local order 

interventions. Local order interventions are therefore useful to reduce the stock levels. Of the 

interventions, 41% of the interventions reduced excess stock. Conversely, 24% of the 

interventions lead to excess stock. In total, local order interventions reduced the inventory levels. 

The decrease of inventory value expressed in percentage of the complete inventory value is just 

0.08%. Thus the local order interventions can also be considered as unnecessary with respect to 

the inventory value. Moreover if the missed margin is considered, the savings in working capital 

lower the profits with '''' ''''''''''''''''''''. On average stores spend 15 hours per week on the ordering 

process. If the labour costs together with the reduction in the margins are compared to the 

savings in working capital, local order interventions are useless. Therefore Praxis could save 

100.000 hours per year, or at least use these hours for more important activities.  

Although the interventions hardly improve the inventory performance, store employees tend to 

intervene. The field research demonstrated the motivations. Some reasons are perceived as 

useful by the store employee. Inventory inaccuracy is considered as useful. Therefore the 

mutations as a result of inventory accuracy were reported separately in table 8. However order 
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interventions are not the right way to deal with inventory inaccuracy. Moreover, the minimum 

order quantity is something the store employee cannot exert influence on, but is agreed with the 

suppliers by the buyers at higher levels in the organization. The shelf capacity problem was faced 

by the store employees however it is determined somewhere else in the organization. It is 

therefore questionable whether local order interventions are dispensable. The intuition of the 

store employee is the only motivation which may tag as useless and should therefore be avoided. 

Although local order interventions seem useful, their contribution to higher inventory performance 

is negligible. In a sum, stores should less concentrate their attention on the ordering process and 

stores should more agree on the suggested order quantities. 

Situation Performance as result of LOI (%) 

Y‟ < Y 

(downwards) 

X‟ > 0 Improved by avoiding excessive inventory 41 

X‟ ≤ 0 Reduced by creating an out-of-stock 10 

Y‟ > Y (upwards) X > 0 Reduced by creating excessive inventory 24 

X ≤ 0 Improved by avoiding an out-of-stock 2 

inventory inaccuracy Improved by taking care of inventory 

inaccuracy 

23 

Table 8: Evaluation of the local order interventions 
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6. Local order interventions predicted by product characteristics 

 

This chapter examines whether the probability to which a product is intervened can be predicted 

by its characteristics, like selling price, inventory turnover and case pack size. Earlier research to 

retail operations demonstrated significant relations between product characteristics and retail 

issues. Since plausible relations between product characteristics and local order interventions 

were also observed during the field research, an analysis to the product characteristics was 

performed. In the first place this analysis aims for addressing how product characteristics affect 

the ordering process by way of local order interventions. Secondly, this analysis is used to confirm 

the outcomes of the field research. It is tested whether the product characteristics reflect the 

main causes: inventory inaccuracy, shelf capacity and employees‟ intuition. The MOQ was out of 

consideration, because the MOQ plays a role in a very selective group of the assortment.  

The chapter starts with the formulation of hypotheses. Subsequently logistic regression will be 

used to draw a distinction between product which were absolutely not mutated and those which 

are at least once mutated. Thereafter the influences of the product characteristics on the 

dependent variables were examined by means of linear regression. Finally, the results of the 

regression analyses were linked together with the observed ordering behavior on the shop floor 

during the field research. 

6.1. Hypotheses 

Intervention probability 

The interventions rate of a SKU is measured by computing the probability of mutating the SKU. 

Each SKU has its own identity number denoted by index i. Just as in the in the previous analysis to 

store characteristics, two types of interventions were defined, namely upwards and downwards. 

Both of these are called the dependent variables and are denoted by UPi and DOWNi. Let Ni 

denote the number of times the SKUi was recommended to be ordered by the automatic 

replenishment system. Let upwardsi and downwardsi respectively denote the number of times the 

SKU was mutated upwards and downwards. Third dependent variable was defined to represent 

the total interventions of SKUi, denoted by LOIi. Variables UPi, DOWNi and LOIi are defined as 

     
        

  
                      

          

  
                               

The following section will describe the hypothesis one by one. These hypotheses were formulated 

after the field research; hence the observations throughout the field research were jumping-off 

points to formulate the hypotheses.   

Sales variance 

The sales variance possibly affects the extent to which stores locally intervene, since future 

demand is less predictable in case of high sales variance. It is hard for the store employee to 

keep track of inventory level for SKU that has high sales variance. As a consequence of the low 

predictability, store employees have a false picture of historical sales. Therefore suggested order 

quantities from the automatic replenishment system based upon historical sales do not match 

with the employees‟ demand expectations. If these expectations differ from the order 

suggestions, the store employee might incline to alter the order. It is expected that the 

employees‟ expectations and order suggestions differ more in case of higher sales variance. As a 

result the employee will more intervene in the automatic replenishment system if the sales 
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variance is relative high. The coefficient of variance (CVi) will be used as a measure of sales 

variance of SKUi to avoid wrong comparison between slow and fast moving items2. It is 

hypothesized that:  

Hypothesis 1: LOIi are positively correlated with sales variance 

Inventory turnover3 

Low inventory turnover means high stock levels with respect to the turnover. The automatic 

replenishment system would therefore recommend small quantities in case of slow-moving 

products. Some store employees prefer having full shelves. This preference is often argued by the 

marketing aspect that full shelves stimulate demand. Consequently these employees are inclined 

to mutate the quantities upwards. This motivation was also measured during the field research. 

The inventory turnover of fast-moving SKUs is accompanied by higher order-up-to-levels 

determined by the automatic replenishment system. Suggested order quantities of fast-moving 

SKUs completely fill up the shelves most of the times and therefore interventions are less 

necessary. Therefore the impact of the inventory turnover is less on SKUs with relatively high 

inventory turnover. It can therefore be expected that: 

Hypothesis 2: UPi is negatively correlated with inventory turnover. 

Case pack size 

The case pack size denotes the number of customer units per trading unit which are used to 

transport the products to the stores. The case pack size will differently affect the ordering 

behavior of small and big stores. In other words, the resulting effect of the case pack size strongly 

depends on the number of customer units sold per period. Therefore instead of the case pack 

size, the case pack cover (CPCi) will be used4. According to Falck (2005) the case pack size has 

influence on the optimality of the inventory system. In case of larger case pack sizes, the 

optimization of the inventory levels will be more difficult. The case pack size of slow-moving items 

is often too big which leads to higher inventory ranges of coverage.  

When store employees are aware of too high inventory levels as a result of large case pack 

covers, they will be inclined to alter the order suggestion. Thus, in case of high case pack covers, 

the more often SKUs are mutated downwards, because backroom inventory is avoided. 

Furthermore, the higher the case pack cover the less SKUs are mutated upwards. The following 

relationships can be expected: 

                                                      
2 Sales variance is computed according to: 

    
  

  

 

3 Inventory turnover is computed according to: 

          
                   

                                 

 

 
4 The case pack size was also considered to explain the local order interventions. However the case pack 

cover predicted the interventions much more. Although the store employees referred to the case pack size 

when they mutated the order, what they actually mean is the case pack size in proportion to the demand. 

This explains the lower predictability of the case pack size, hence the case pack cover was used and 

determined as follows:  
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Hypothesis 3a: UPi is negatively correlated with case pack cover. 

Hypothesis 3b: DOWNi positively correlated with case pack cover. 

Product size 

Broekmeulen et al. (2004) found a relationship between the consumer unit dimensions and the 

available space on the shelf. It appears that large products have less available space. Shelf-

capacity is seldom maintained in a store information system and can only be obtained through 

physical audits According to Praxis; shelf-capacity is not preferable to determine order quantities, 

because the capacity reduces the ordered items which are actually required to satisfy future 

demand. In accordance with Broekmeulen et al. (2004) large products will probably not fit on the 

shelf if more demand is forecasted by the automated replenishment system and are therefore 

expected to mutate more downwards, because backroom stock is avoided as observed during the 

field research. 

From the perspective of workload balancing, larger products requires more effort to stack. The 

field observations demonstrated that employees prefer to batch orders with large product. The 

employees preferred to stack two trading units each two weeks instead of one trading unit per 

week. Curseu et al. (2009) mention that stacking is time-consuming and costly. Although Curseu 

et al. (2009) did not investigate the effect of product volume on total stacking time; they argue it 

plausible that product size affects the total stacking time. Since store employees are probably 

aware of the longer stacking time of larger products, they may be inclined to order these products 

less frequent by deleting order suggestions, so that larger products are stacked once per two 

weeks. Both the narrow shelf capacity for larger products and the workload balancing suggest 

that it can be expected that: 

Hypothesis 4: DOWNi is positively correlated with product size5. 

Variety6 

Product variety creates a more complex environment. Store employees make more errors in more 

complex environments with as consequence more inaccurate inventory (DeHoratius and Raman, 

2008). Latter authors found a positive relationship between product variety and inventory record 

inaccuracy. Problem that arises is difficultly differentiating items that are nearly identical during 

stacking shelves, store checkout, and order fulfillment processes. As a result the automatic 

replenishment system will provide fewer correct order suggestions in case of greater product 

variety. These incorrect suggestions are motives for store employees to intervene in automatic 

replenishment orders both upwards and downwards. This behavior was often observed during the 

field research. Because of this, it is hypothesized that: 

Hypothesis 5: LOIi are positively correlated with variety within product-groups. 

Price 

Various price related variables can be used to investigate the relationship between price and 

ordering behavior. The store employees are mostly aware of the selling price which is visible at 

the front of the shelf. The purchase price is not always visible.  Store employees are seldom 

aware of the product‟s margin. The selling price will therefore be used to explore the relationship 

between price and order interventions. Items with a low selling price have often small dimensions. 

Moreover those items are located at the bottom of the shelf. Bottom shelves have typically more 

                                                      
5 The NSW will also explain the limited shelf capacity. However it is expected that size will amplify the 

impact on downwards mutations. 
6 Variety of SKUi will be measured by counting the number of SKUs within the product-group of SKUi. 
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available space than higher shelves. This relationship is also mentioned by Broekmeulen et al. 

(2004, pp. 14). Together with the drive of store employees to have filled shelves in order to create 

demand and the relatively low investment of such an item, items with low selling prices will be 

ordered in larger quantities than recommended. In sum, the lower the selling price, the more 

order suggestions will be mutated upwards. High prices indicate higher investments in stock, 

which means that employees will be more careful with purchasing high priced items. It can be 

expected that: 

Hypothesis 6a: UPi is negatively correlated with selling price 

Hypothesis 6b: DOWNi is positively correlated with selling price 

Net shelf space 

Net shelf space7 (NSSi) is defined as the shelf space that is not required to attain the desirable 

service level. The required number of products in order to achieve the service level is determined 

by the automatic replenishment system. Thus, the required shelf space is indirectly given by 

means of the order-up-to level which corresponds to the required number of products. Since 

backroom inventory is not desirable, SKUs with low (or even negative) net shelf space will barely 

be mutated upwards. Such items will rather be mutated downwards due to not fitting on the shelf. 

On the other hand, SKUs with high net shelf space become attractive for store employees to 

mutate upwards since store employees prefer full shelves. More net shelf space will mean that an 

additional case pack will rather fit, thus increasing the probability of a mutation upwards. The 

hypotheses are therefore: 

Hypothesis 7a: UPi is positively correlated with net shelf space. 

Hypothesis 7b: DOWNi is negatively correlated with net shelf space. 

 Dependent variables 

Independent variables UPi DOWNi LOIi 

sales variance   + 
inventory turnover -   
case pack cover - +  
product size  +  
variety   + 
price - +  
net shelf space + -  
“+” = Positive effect  “-“ = Negative effect 

Table 9: Overview of hypotheses concerning product characteristics 

6.2. Data description  

All relevant products characteristics were gathered at SKU level of about 600 randomly selected 

products. Some independent variables were immediately available, others had to be calculated. 

The intervention data, sales data and automatic replenishment data were obtained from 15 

stores. These stores represent three categories stores based on their amount of order 

interventions.  

                                                      
7 The average net shelf space in terms of weekly demand of SKUi

 equals: 
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First exploration indicated that the stores differently mutate their orders. The field research also 

revealed that stores apply an own approach to check the order suggestions of the automatic 

replenishment system. The different approaches are visualized in figure 9a and 9b. The case 

pack cover is taken as example. The order behavior of category 1 stores is rather flat, which 

denotes that this category is insensible for changing product characteristics. Category 3 shows 

greater movements. Since correlations between the dependent and independent variables were 

hardly found, it was decided to involve only the stores within category 3 in the analysis, due to the 

larger sensibility to variation in the product characteristics. Excluding the other stores does not 

harm the overall purpose of the analysis, because the analysis is aimed for discovering statistical 

relations which confirm the field research rather than establishing a generalizing model for all 

Praxis stores. Finally, the analysis contained five stores. 

6.3. Predicting upwards and downward mutations by means of logistic 

regression 

Of some SKUs the dependent variables UP and DOWN equaled zero, meaning that these SKUs 

were not mutated by one of the stores. These values lead to low significance in the regression 

model. Therefore there was made a distinction whether a SKU was mutated or not. When the 

zero-equaled outcomes were excluded, the correlation matrix shows enormously differences. 

Therefore two categorical dichotomy variables were introduced to examine how the product 

characteristics are able to predict whether a SKU is mutated or absolutely not (UP_bin and 

DOWN_bin). Logistic regression was used to investigate these relations.  

The CPCi negatively correlates with the binary variable UP_bin. The CPCi was the only variable 

which significantly predicts mutations upwards in the logistic regression analysis. The outcome in 

table 10 indicates that the mutations upwards are negatively related to the CPCi, which confirms 

Hypothesis 3a. The confidence interval ranges between 0.72 and 0.81, so it can be confidently 

stated that CPCi is negatively correlated with mutations upwards. Moreover, because the 

complete confidence interval is less than 1, the relationship between ordering upwards and the 

case pack cover is true for the entire population SKUs.  

Figure 1a (left): Three categories differently affected by the case pack cover. 

Figure 9b (right): Three categories differently affected by the product‟s size. 
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The dependent variable DOWN_bin was not significantly predicted by one of the variables. None 

of the independent variables does contribute to better predictive power. Just 7% of the SKUs were 

not mutated downwards, which may explained the insignificant relation of all variables, since the 

constant variable already correctly predicted 93% of the SKUs. 

   95% confidence interval for exp b 

included variables B (SE) exp b Lower Upper 

constant  2.72 

(0.26)* 

   

CPC -0.28 

(0.03)* 

0.76 0.72 0.81 

Note R2 = 0.37 (Hosmer and Lemeshow), 0.39 (Cox and Snell), 0.53 (Nagelkerke). Model X2 (1) = 195.65, 

* p < 0.001. 

Table 10: Output Logistic Regression 

6.4. Predicting upwards and downwards mutations by means of linear 

regression 

The zero-equaled outcomes were excluded in the continuation of the analysis. SKUs of which the 

probability to mutate equaled zero were out of consideration. In order to build the linear 

regression models, stepwise estimation was used as sequential search method. 

Upwards mutations 

INV_TURNi shows significant correlation with UPi, hence hypothesis 2 was confirmed. The b-value 

tells that as the inventory turnover increases one unit, the probability to mutate upwards 

decreases 0.6%. Although more variables demonstrated significant correlation with UP, INV_TURN 

is the only independent variable included in the linear regression model. Including more variables 

in the model did not raise the value of R2. The 

excluded variables are not able to explain larger 

amount of the variation of UPi (mutating order 

suggestions upwards). The regression model is 

able to predict 8% of the variance in upwards 

mutation.  

PRICE and NSW show both positive significant 

correlations with UP, however both predictors 

did not fit the regression model to a larger 

extent. INV_TURN and PRICE are correlated (r = -.21, p < .001), implying that cheaper SKUs have 

higher inventory turnovers, which sounds obviously. Apparently INV_TURN explains the same part 

of the variation. Hypothesis 6a predicted negative correlation, which was contradicted by the 

bivariate correlation coefficient between PRICE and UPi. Moreover, the regression model excluded 

PRICE and thus hypothesis 6a is not confirmed. Hypothesis 7a is confirmed by the correlation 

coefficient (r = .22, p < .001). NSW did not predict more variance of the outcome variable than 

INV_TURN. The relationship between NSW and INV_TURN seems logical. As a result of low 

inventory turnover, there is low additional space on the shelf to stack future demand. 

Dependent variable: UP 

 B SE B β 

Constant    

INV_TURNi -.006 .001 -.286* 
R2 = .08, adjusted R2 = .08. * p < .001 

Inventory 

Turnover

Mutations 

upwards

Net Shelf 

Space

Price

++

--

-
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Dependent variable: DOWN 

 B SE B β 

Constant    

SIZE .005 .001 .202 * 

CPC .004 .001 .248 * 

INV_TURNi .005 .003 .124** 

    
R2 = .09, adjusted R2 = .08. * p < .001 ** P < .05 

R2 = .12, adjusted R2 = .11. * p < .001 

Downwards mutation 

The variability in the outcome of the DOWNi is explained by the linear regression model for 8%. 

The predicted variability is rather low. However as mentioned at the start of the analysis, the 

purpose was to discover statistical relationships. Hypothesis 4 is confirmed; since SIZE was 

positive linked. As the size increases by one liter the probability to mutate SKUi downwards 

increases with 0.5%. The independent variable seems to have small effects; however the DIY 

retail deals with voluminous SKUs, which places the b-value in perspective. Hypothesis 3b is also 

confirmed by the model. If the CPC of the product increases one unit the probability to mutate 

downwards increases 0.4%. Moreover INV_TURNi is one of the predictors in the regression model. 

This variable explains 1.2% of DOWNi, which was denoted by the increase of the adjusted R2. The 

β indicates that INV_TURNi most affects the probability of mutations downwards.  

Hypothesis 7b was not confirmed, since NSWi8 did not show any significance with DOWNi. In the 

eyes of the store employees, the net shelf space was either right or too narrow. These 

observations suggest a binary variable instead of a continuous variable. However when the 

continuous variable NSWi was transformed into a binary variable, it did not show correlation with 

the probability of mutation upwards. 

The PRICEi, as hypothesized, indeed positively correlates with DOWNi (r = .17; p < .01). The 

variable was excluded in the regression model. The variability of the outcome variable was 

already predicted by SIZEi (r = -.52; p < .01). Therefore hypothesis 6b was still confirmed. 

However PRICEi indirectly affected DOWNi via SIZEi. It is hard to determine whether SIZEi or PRICEi 

is more affecting DOWNi. The relationship between both independent variables seems clear. SIZEi 

and NSWi were not correlated to each other, which mean that the result did not provide support 

for a relationship between larger product and less shelf capacity. 

Local order interventions 

The regression model of local order interventions explains 12% of the variability (p < .001). 

Although the effect size of CVi seems small, Hypothesis 1 is confirmed. If CVi increases with one 

unit the probability to intervene in the automatic replenishment system increases 4%. Since 

                                                      
8 A couple of independent variables are computed by means of µ. The weekly demand does not correlated 

with one of dependent variables. So the demand was not able to explain the variance of one of the 

dependent variables.  The variables computed by means of µ become interdependent. Except for CPC, the 

variables correlate to each other, which causes multicollinearity. Although the largest correlation coefficient 

is 0.5 between the variables, the exclusion of some variables is logic, since the variables barely correlate 

with the dependent variables. 

Dependent variable: LOI 

 B SE B β 

Constant .270 .013  

PRICE .002 .000 .222* 

CV .040 .012 .210* 
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PRICEi also correlated with UPi and DOWNi, the relationship with LOIi is logical. The regression 

model predicting UPi, PRICEi could not contribute to additional explained variance, since the 

variance it accounts for was already explained by INV_TURNi. The regression model predicting 

DOWNi demonstrates similar results through excluding PRICEi, because of the variance SIZEi 

already accounts for.  

Hypothesis 5 is not confirmed, the variety is not positively correlated with LOIi. Probably the 

variety is not able to indirectly represent the inventory inaccuracy. There was introduced a new 

independent variable which immediately stands for the inventory accuracy in the product group of 

SKUi denoted by a percentage. These percentages are computed by means of a database 

(IKPF_ISEG). The variable representing the accuracy is not correlated with LOIi. However it shows 

a positive correlation with UPi (r = .19; p < .01), but could not contribute to higher predictability in 

the regression model. DOWNi did not show any significance with the inventory accuracy. As a 

consequence store employees are more inclined to mutate the order quantities when the 

recorded stock is higher than the actual stock.   

Improving the models 

Variables which also had been examined were the seasonality, basic project articles and project 

quantities. The latter variable was examined using the maximal and average demand compared 

to the order-up-to-level. However significance was not found. In the end a variable was introduced 

called COVER, which was defined as the expected weeks of cover in terms of demand (dividing 

the average stock by the average demand). COVER correlates with all three dependent variables 

relatively high in compare with previous described statistical relationships.  

COVER did not contribute to higher explained variance in the outcome of UPi which was also 

indicated through the partial correlation, although COVER was bivariate correlated with UPi. The 

explained variance increased just a half percent for the regression model of DOWN. Consequently 

it can be inferred that if more demand can be satisfied directly from the shelves the higher the 

probability to mutate recommended order quantities downwards. When COVER was added to the 

regression model predicting LOI, the explained variance increases, but CV was excluded. Both are 

highly correlated (r = .81; p < 0.01). COVER is better able to predict the probability of mutations 

downwards. Hence the higher the stock cover; the more store employees tend to intervene.  

Dependent variable: DOWN 

 B SE B β 

Constant .122 .031  

SIZE .004 .001 .190 * 

CPC .003 .001 .215 * 

INV_TURNi .010 .003 .227** 

COVER .002 .001 .163** 
R2 = .09, adjusted R2 = .08. * p < .001 ** P < .05 

R2 = .16, adjusted R2 = .15. * p < .001 

 

Dependent variable: LOI 

 B SE B β 

Constant .270 .013  

PRICE .002 .000 .240* 

COVER .001 .000 .286* 
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6.5. Discussion statistical relationships 

Although the models hardly explain the variability of the dependent variables, the significant 

relations show similarity with the ordering behavior of store employees observed during the field 

research. Since the statistical relationships confirm the field research, it may conclude that some 

product characteristics certainly help to predict the probability to which a product is intervened. 

The case pack cover is of significant influence on the local order interventions, it effects both 

upwards and downwards mutations. This outcome confirms the field research. In case of narrow 

shelf capacity, the store employees indicated the case pack cover 10% of the times as problem. 

Furthermore sometimes the case pack covers too much demand, whereas the store employee did 

not expect that amount of demand and therefore intervened. The case pack cover negatively 

affects the ordering process, because it drives the employees to intervene in the system, which is 

actually time-consuming. Smaller case pack covers will reduce the drive to intervene and 

simultaneously improve the ordering process. 

The inventory turnover also effects both upwards and downwards mutations. Since the inventory 

turnover effects both directions in a similar way, it can be confidently stated that store employees 

are systematically influencing the order suggestions. In case of high inventory turnover, there are 

fewer mutations upwards and more mutations downwards, which suggest that the shelf capacity 

is of importance. SKUs with relative high inventory turnover may not fit on the shelves. The 

opposite, in case of low inventory turnover, the store employee‟s intuition might play a role. In the 

eyes of the store employee, higher stock levels through mutations upwards are desirable to 

stimulate demand. The intuition was earlier hypothesized. Since the hypothesis was confirmed it 

also supports the findings in the field research. Due to the low impact of local order interventions 

on turnover as earlier determined in chapter 4 and 5, it can be stated that interventions based on 

intuition are unnecessary. 

The demand covered by the average inventory, is able to predict the probability to which 

employees tend to intervene. The more demand is covered, the higher the probability to change 

order quantities downwards. The more demand covered, the less mutation were performed 

upwards. Hence, the store employees are aware of the available stock and try to estimate 

whether these stocks are enough to cover future demand. This implies that the store employee 

uses his expectations of future demand to judge the order suggestions. This confirms the field 

research regarding the intuition of the store employee as important cause of local order 

interventions. 

The product‟s dimensions were positively correlated with downwards mutations, just as the price 

of the product. Both characteristics are highly correlated which makes it hard to determine which 

of both directly affects the probability to which a SKU is mutated. Since the lack of correlation 

between the product‟s dimensions and the net shelf space, the correlation of the product‟s 

dimension and the downwards mutations has probably little to do with shelf capacity. This 

correlation is probably an indirect correlation through the product‟s price. The product‟s price only 

affected downwards mutations. This corresponds with the findings of previous analysis to store 

characteristics, since franchise stores mutate more often downwards, which was explained by 

their investment of their working capital in stock.  
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7. Stage II: Inventory Inaccuracy 

7.1. Choice for further research 

 

The previous chapters addressed the ordering process and 

revealed several motives for store employees to intervene in 

the automatic replenishment system. Since the focus is on the 

ordering process at the shop floor, it was decided to further 

investigate the inventory inaccuracy. Various arguments were 

present after the field research to address the inventory 

inaccuracy: 

 Solutions to remedy shelf capacity and MOQ as cause of 

local order interventions are more or less known within 

the organization. Chapter 8 will elaborate these solutions. Although the solutions are 

known within the organization, those are barely executed. Therefore these motives 

receive still attention in the recommendations to improve the ordering process. 

 The inventory inaccuracy is caused by many factors and therefore complicated. Due to its 

complexity, the inventory inaccuracy needs more attention. 

 The inventory inaccuracy is of big influence on the quality of the automatic replenishment 

system and thus the ordering process. The data quality has a large impact on the success 

of the system. The decisions made by the automatic replenishment system are based on 

the inventory records. In the presence of inaccuracy, these systems may not know the 

true on-hand quantity of certain products (DeHoratius and Raman, 2008). 

 The inventory inaccuracy remains a structural problem and harms the performance of the 

automatic replenishment system, since there will always exist some inaccuracy in the 

computerized stock levels. Inventory inaccuracy is probably a never-ending driver for store 

employees to intervene. This makes it more important to understand how store 

employees deal with it during the ordering process. 

Moreover questions rose regarding the relation between inventory accuracy and local order 

interventions: 

 What is the actual inventory accuracy at Praxis? The actual inventory accuracy was not 

precisely measured by Praxis. The current percentages were based on estimates.  

 What is the relation between inventory inaccuracy and the extent to which stores 

intervene in the automatic replenishment system? 

The latter question came into being since inventory inaccuracy was perceived as legal motive to 

mutate the recommended order quantities. If the store employee perceived that the actual stock 

met the computerized stock levels, fewer interventions took place. This relation was observed, 

but not proved, thus only hypothesized till so far.  

The relation between inventory inaccuracy and the extent to which stores intervene in the 

automatic replenishment system was explored by means of two available data sources. First 

source was the operational coaches who assist the stores in their daily operations. The coaches 

perform inventory counts by counting about 300 products per store; however it is not clear how 

random the counts are executed. The left-hand scatter plot in figure 10a depicts the relation 

between inventory accuracy as measured by the operational coaches and the amount of 

Problem 

definition

Analysis & 

diagnosis

Plan of 

action

InterventionEvaluation

Problem mess



37 

 

interventions. The relation was not significant, probably through the small sample size (n = 12) 

and the lack of randomly selected products. 

Second source were the zero-confirmations performed by the store employees, which are actually 

checks to make sure that an out-of-stock is recorded as out-of-stock in the automatic 

replenishment system. The database contains both the accurate- and inaccurate stock levels and 

thus enables to get an impression of the inventory inaccuracy. In the right-hand picture (figure 

10b) the inventory accuracy was derived from the zero-confirmations performed by the store 

employees. Again, there is not a matter of significance. Therefore a link between inventory 

accuracy and interventions cannot be confirmed. Since the random selection of products lacks, 

the next analysis should test whether the scatter plot demonstrates a widely spread cloud or an 

existing relationship.  

 

Figure 10a (left): relation between interventions and inventory accuracy as measured by operational coaches 

Figure 10b (right): relation between interventions and inventory accuracy as derived from zero-confirmations 

The next analysis must explain the impact of inventory inaccuracy on the employee‟s drive to 

intervene. Furthermore the opportunity was seized to examine stores which are able to intervene 

in the automatic replenishment to a small extent. Five stores were selected based on their small 

intervening rate. It is therefore hypothesized that the stores will have relative high inventory 

accuracy. 

7.2. Research to inventory inaccuracy 

7.2.1. Method 

Five stores were selected to count.9 Of each store about 400 products were randomly selected by 

the computer. This sample size was computed beforehand to assure sufficient precision. The 

counted physical articles were compared to the inventory records. Since counting took place 

during normal days, the on-stock numbers were adapted for the turnover from the day the 

measurement took place.  

In order to interpret the results, each of the store managers was interviewed using a semi-

structured interview. The following topics were discussed; counting procedures, last wall-to-wall 

count and possible causes for inventory inaccuracy. Moreover the interventions in the automatic 

                                                      
9 The amount of stores was limited at five, because it concerns the same stores as in the next analysis to 

best- practices. Here, the choice of five stores is briefly explained. 
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replenishment system were discussed. The motivations to intervene found in the field research 

were also discussed. 

In order to examine the causes of inventory inaccuracy, 10 store managers were asked to list the 

five most important causes. 10 stores were involved. Finally 9 store managers report the most 

important causes which are determinative for inaccurate inventory. Due to the involvement of 

store managers, it may be assumed that these causes play an important role in practice. 

7.2.2. Results 

Table 11 shows the inventory accuracy of the investigated stores. The lowest score was 51.7%. 

The highest score was 70.5% of store 2240. The latter store had most recently been counted 

from wall-to-wall two months ago. Store 2089 was counted (wall-to-wall) 8 months ago and had 

the second best score. Store 2078 was counted 12 (wall-to-wall) months ago and scored 

relatively low. The stores gave an average accuracy of 62%. The confidence interval ranges 

between 60 and 64%. The results match with the published accuracies in Kang and Gershwin 

(2004). Raman et al. (2001) even mention lower rates (35% accuracy). Of the inaccuracy, 24% 

was untraceable stock. The difference between recorded and actual stock is mostly caused by 

missing stock rather than not-listed stock.  

Figure 11 depicts the absolute differences between actual- and recorded stock levels. As already 

mentioned, the SKUs with no differences are 62%. The percentage of SKUs with one selling unit 

as difference was 20%. If differences of one selling unit are left out of consideration, the inventory 

accuracy raises to 82%. In case of a difference of one selling unit, it certainly matters whether its 

stock level is low or high. SKUs with higher stock levels usually face higher demand. A second 

graph was made which analyzes only the differences of one selling unit though depicting the 

relative deviation. The „grey‟ bars represent the SKUs with relative high demand (µ > 0.5 per 

week). It can be concluded that the inaccuracies mainly consists of very slow-moving SKUs in 

accordance with the assortments‟ composition. The fast-moving SKUs (µ > 0.5 per week) form a 

very small part of the SKUs with inventory inaccuracy. The group of SKUs with more than 20% 

deviation contains mainly slow-moving SKUs. The demand of the SKUs being out-of-stock was on 

average 0.25 selling units per week. Since slow-moving SKUs are barely sold, those will not have 

a huge impact on the availability. The poor decisions of the automatic replenishment system as a 

consequence of inventory inaccuracy will therefore minimally influence the out-of-stock and 

turnover of stores. 

The counted SKUs were also used to determine the actual OOS rate. The recorded OOS rate was 

computed using the computerized data. The actual OOS was 70% higher than the recorded OOS, 

which imply that the actual OOS rate was 5.3% instead of 3.1%. Four of the five stores showed 

lower service levels. Store 2048 had 5.4% more SKUs being out-of-stocks. One store had a higher 

availability. Although inventory inaccuracy could lower the quality of the automatic replenishment 

system, the turnover is not highly affected by the unavailability of some SKUs. However this does 

not mean that inventory inaccuracy should be tolerated in the stores, since the computerized 

stock levels are used to control the inventory. According to this analysis the availability can be 

enlarged by 2.2% if the inventory accuracy was higher. Moreover excess stock could be reduced, 

since there was stock on the shelves which was not required to satisfy demand according to the 

automatic replenishment system.  
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Store n 
(#) 

Accuracy 
(%) 

Confidence Interval 
(95%) 

Actual OOS Recorded OOS 

2048 373 51,7 0,47 0,57 8,3% 2,9% 

2054 380 62,6 0,58 0,67 3,4% 3,7% 

2078 399 58,4 0,54 0,63 5,3% 3,3% 

2089 389 67,9 0,63 0,73 3,9% 1,8% 

2240 386 70,5 0,66 0,75 6,0% 3,6% 

total  1927 62,3 0,60 0,64 5,3% 3,1% 
Table 11: Inventory Accuracy of investigated stores 

 

Figure 11: Absolute difference between recorded and actual inventory (SKUs). 

 

Figure 12: Deviation of computerized stock levels of SKUs with one selling unit difference. 

7.2.3. Causes inventory inaccuracy 

The causes mentioned by the store managers were divided between physical- and administrative 

stock related causes. The physical stock is affected by the operational processes. Causes related 

to the administrative stock are announced as causes rose through errors in the administrative 

process. A third category of causes was distinguished which should actually remedy the 

differences between physical and administrative stock. Surprisingly, this category is a significant 

process causing inventory inaccuracies. The three categories, counting-, operational- and 

0,0%

10,0%

20,0%

30,0%

40,0%

50,0%

60,0%

70,0%

0 1 2 3 4 5 6 7 8 9 >9

0%

5%

10%

15%

20%

25%

100% 50% 33% 25% 20% 17% 14% 13% 11% 10% < 10%

█ = total sample with one     

selling unit difference 

█ = µ > 0.5 per week 



40 

 

administrative process, are schematically represented in figure 13. The exact number of times 

denoted by each of the store managers is given in table 12. 

Inbound- and outbound logistics plus shrinkage are considered as operational causes. Misplaced 

articles were also seen as operational cause. Misplaced items are caused by both store 

employees and customers. The second group of causes is raised in the administrative processes. 

At Praxis the inventory is tagged as on-shelf stock, demo stock, seasonal stock or reserved for 

customer. Wrong use of these categories by recording stock in the wrong position leads to 

inaccurate inventory. As a result of shrinkage, stock has to be depreciated. Besides poor 

execution of depreciation, theft is scarcely noticed. Furthermore the lack of right EAN codes and 

the illegibility of the code are administrative causes.  

Causes inventory inaccuracy 

Causes Number of stores 

 1 2 3 4 5 6 7 8 9 

operational process  

The lack of inspecting incoming goods   

Scanning of outgoing articles   

Shrinkage   

Excess stock   

Misplaced articles   

  

counting process  

Yearly wall-to-wall count   

Zero confirmations  

Other counts   

  

Administrative process  

stock recorded under wrong “position”   

Depreciation of shrinkage wrongly executed   

product information (EAN is lacking, EAN is not 

legible) 

  

Table 12: causes inventory inaccuracy according to nine store managers. 

The most announced cause of inventory inaccuracy is the zero-confirmations executed by the 

store employees. Zero-confirmation and yearly wall-to-wall counts aim for remedying inventory 

inaccuracy, but through errors the zero-confirmations just cause inventory inaccuracy. Store 

managers and the operational coaches explain that zero-confirmations go hand-in-hand with 

strong discipline of the store employees. As long as the shelves are not well maintained, the 

employee runs a risk to count wrong quantities. Before the stock is counted several criteria have 

to be met. Currently these criteria are not always fulfilled.  The criteria are: the stock has to be 

recorded under the right position, the product should be at the right shelf, the product may not 

move in the store.  

The story about zero-confirmations is well-known at Praxis. However store managers still 

identifying it as an important cause. Stores would be rather helped if the zero-confirmations are 

evaluated afterwards. After the zero-confirmations, an overview of the stock mutations is 

available, although these are barely addressed10. Evaluations are of high importance to discover 

and prevent inaccuracies. Even the yearly wall-to-wall counts are mentioned as cause. Currently, 

these counts are executed through an independent counting bureau. 

                                                      
10 source: presentatie „tellingen en rapportages‟ 
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Another remarkable score is that of misplaced products. Misplaced product is defined as SKUs 

which are in-store, but are not on the right place. Although the physical counts have led to 

detections of many misplaced items, just one store manager denotes this cause. However if the 

product is misplaced, the customer will not find it, which may result in an unrecorded out-of-stock 

event. Again shelf maintenance is an important activity to avoid such situations. Customers are 

one of the causes of misplaced items. However it appeared that store employees are also 

responsible when stacking the shelves. Sometimes more than one article was found on the wrong 

shelf at the same time, which suggests that during shelf stacking mistakes were made. 

The wrong scans by the cashier were also limited announced by the store managers, while the 

literature reports this cause very often (Kang and Gershwin, 2004; Raman et al., 2001). The 

stores may believe that the scanning process is going well, since this process is reported in the 

weekly key performance indicators (KPI) overview. However this score does not measure the 

accuracy of the scanning process, but the scanned turnover as part of the total turnover. 

As a result of narrow shelf capacity, stock is stored in the backroom. This excess stock is 

overlooked by the store employees when the products are counted. Four of the nine store 

managers indicate that the presence of excess stock in the backroom causes inventory 

inaccuracy when those products are counted in the store. Again, the importance of the right shelf 

capacities is of extreme importance to attain operational effectiveness. 

 

Administrative process Counting process

StoreBackroom

Errors made through:

Stock recording

Write down of stock

Scanning articles at the same moment

Lack of EAN code or damaged EAN code

Inbound Outbound

No control on incoming goods

Excess stock Shrinkage

Misplaced articles

Logistic process

Errors made through:

Yearly wall-to-wall counts

Zero-confirmations

Other counts

 

Figure 13: Causes of inventory inaccuracy. 

7.2.4. Discussion inventory inaccuracy 

It was wondered whether local order interventions are correlated with the inventory inaccuracy, 

such that the more inaccurate inventory the more interventions in the automatic replenishment 

system. Since five stores with an almost equal intervention rate were investigated and the result 

demonstrated a wide variation of inventory accuracy, it can be stated that interventions and 

inventory inaccuracy are not correlated. The approach of the stores confirmed this insignificant 
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relation. Despite of the inventory inaccuracy, the store managers had decided to stop the 

interventions, since it takes a lot of time.  

It appeared that the accuracy was not that high. However the assortment mainly consists of slow-

moving items. The average demand of the SKUs being out-of-stock was 0.25 selling units per 

week. This reduced the impact of inventory inaccuracy on the on-shelf availability. Since a relative 

small part of the assortment is replenished each week, the lower quality of the order suggestions 

as a result of inventory inaccuracy, barely affected the availability of the complete assortment.  

The impact of local order interventions on the availability is just 0.06% as determined in chapter 

5. The inventory inaccuracy reduces the availability with 2.2%. In chapter 5 it was derived that 1% 

less availability at Praxis reduces the profit margins '''''''''' '''''''''''''' '''' '''''''' ''''''''''''''''. So, the inventory 

inaccuracy reduces the profits '''''''''' '''' ''''''''' ''''''''''''''. Since the impact of inventory inaccuracy is 

much larger than that of local order interventions, stores should focus on the inventory accuracy 

instead of judging the order suggestions. On average each store can use 15 hours per week to 

increase the inventory accuracy.  

Causes of inventory inaccuracy should each be remedied. However most important is to structure 

the counting procedures. Through right shelf maintenance like sorting the products, looking for 

misplaced products and being aware of possible excess stock, errors during counts can be more 

avoided. If the evaluations are well executed after the counts, stores get a better understanding 

of where the inventory inaccuracy is caused.  
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8. Solutions 

 

Previous chapters have addressed the ordering process at 

Praxis. Since the interventions disrupt the process, the 

local order interventions should be averted. As already 

mentioned, the interventions do not contribute to better 

inventory performance. Moreover the interventions take 

valuable time from the store employees. In order to 

improve the ordering process, the four significant drivers 

of local order interventions found in the field research 

form the basis for the solutions to reduce the local order 

interventions.  

The motives to intervene in the system are basically caused at two levels in the organization. 

Therefore the motives can be divided in two categories. One category arises from processes at 

the main office. The other category ensues from operations at the shop floor. For both categories, 

solutions will be successively formulated. However main office related drivers will briefly be 

considered, because the solutions to remedy those drivers are more or less known within the 

organization of Praxis. Remedies for drivers caused at the shop floor will be determined by means 

of additional research in the stores. 

The chapter will end with practical implementation steps for both levels in the organization. The 

implementation steps will significantly improve the ordering process. The implementation steps 

aim for a reduction of the interventions while keeping the availability and inventory levels 

acceptable. Since the solutions are separately elaborated for both levels, the implementations 

contain actions for both levels as well. The implementation will start with a brief description of the 

actual developments on the shop floor regarding the ordering process and inventory inaccuracy. 

8.1. Solutions at main office 

8.1.1. Remedying minimum order quantity as drive to intervene 

Benefits of remedying the MOQ as motivation are 17% less order mutations, fewer out-of-stocks 

and more available time in the stores. Solutions to remedy the MOQ as a motivation to intervene 

in the automatic replenishment system are:  

 The implementation of the decision rule in the AR-system based upon the ratio of V and 

VMOQ. In chapter 5, a ratio was computed which act as a starting point. Implementing such 

a rule will involve time and cost. However benefits are limited, since out-of-stock will still 

occur due to automatically deletion of orders performed by the decision rule instead of 

the store employee. 

 Less frequent ordering through adapting the order and delivery schedule. This involves 

higher inventory levels since the inventory should cover longer periods. 

 Make use of cross-dock distribution, wholesaler or supply the stores via existing DC. Some 

stock has to be build-up at the distribution location. The assortment of the small supplier 

is small, which makes cross-dock expensive. Outsourcing to existing wholesalers or own 

distribution centre is probably more cost-effective. 

 Arrange with the suppliers better delivery conditions. Most of the minimum order values 

are quite low; therefore it is hard to negotiate better conditions. 
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The implementation of the decision rule in the automatic replenishment system needs time. 

Secondly an analysis is needed to determine the value of the ratio more precisely. On the middle-

long term the MOQ as cause of local order intervention will disappear if small suppliers are forced 

to supply via a wholesaler or DC owned by Maxeda DIY. The decision rule is therefore not cost-

effective. Disadvantage of distributing via wholesaler or own DC is additional stock and handling 

cost at these locations. Nonetheless less frequent ordering will create more stock, since the 

safety stocks have to increase at each store. For the supplier there are benefits as well. The field 

research showed the out-of-stocks caused by the MOQs. Those mean lower turnover for the 

supplier as well. The best solution is to accommodate the distribution via a wholesaler or 

Maxeda‟s DC. This should be negotiated with the suppliers. The out-of-stocks apply as strong 

argument in these negotiations. Distributing the small supplier via the DC will also reduce the 

logistic activities at the back of the store, because fewer separate orders are delivered.  

8.1.2. Remedying shelf capacity as drive to intervene 

Currently, the shelf capacities have already been determined when the order-up-to-levels are 

computed. Since the determination takes marketing issues as starting point and the order-up-to-

level takes actual demand as point of departure, problems arise at the shop floor. As a 

consequence the store employee has to deal with two different jumping-off points which leads to 

order mutations or excess stock. 

The shelf capacity and the required capacity are determined in parallel at two different 

departments. A match between the required and actual capacity does not exists. The current 

situation is given in figure 14. The buyer is almost not involved in the shelf capacity determination 

process. However the buyers possess important information which should be used in the shelf 

capacity determination process. Buyers estimate the expected sales and are therefore able to 

pass on the demand forecasts to the automatic replenishment department. Moreover the 

planogram department should be informed by the automatic replenishment department about 

the required shelf capacities rather than determine capacities from a pure marketing perspective. 

Perfect matches between required shelf capacity and real shelf capacity maximally reduce the 

interventions with 22%. It will take a lot of effort to arrange the order of the shelf capacity 

determination process, but it is advantageous. Probably it will take some human resources since 

the automatic replenishment department will actively be involved in the shelf capacity 

determination process. On the other hand, time is saved at the shop floor. 
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Planogram 

department

Automatic 

replenishment 

department

order-up-to-level

Shelf capacity

Automatic 

replenishment 

department

forecast

Planogram 

department

Shelf capacity

planogram

Current situation

New situation

 

Figure 14: Current and ideal situation. 
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8.2. Solutions at the shop floor 

In order to formulate solutions at the shop floor, well-performing stores were visited. Here, well-

performing stores are defined as stores with an acceptable number of order interventions. These 

best practices are able to eliminate the intuition of the store employee. Therefore this section will 

contribute to an improvement of the ordering process, since it will show how the intuition of the 

store employee can be overcome. Key elements will be identified which distinguish the best 

practices from the rest of Praxis‟ stores.  

8.2.1. Investigation of best practices 

Method 

The field research suggested that the interventions are highly based upon the intuition of the 

store employee. The observations demonstrated that the less the store employee trusts the 

automatic replenishment system, the more he uses his intuition to judge the order suggestions. 

Both trust and intuition as social components were very dominant in the ordering process. So the 

problem of local order interventions has many to do with human behavior. As a consequence, 

formulating solutions to remedy the employee‟s intuition as important cause is done on the basis 

of case-based reasoning (Aken et al., 2006). There was searched for already realized no-

intervening environments.  

Five stores were found at Praxis which mutates about 5% of the suggested orders, the so-called 

best practices. About eight stores of Praxis could be called best practices. However due to time 

constraints and travel distances, five stores were involved in this part of the research project. 

These best-practices help to predict the inventory performance. The performance will be assessed 

using the service level, the inventory value and the turnover. The stores also show how to deal 

with narrow shelf capacities. Moreover, the best-case practices demonstrate the reaction of store 

employees. 

Factors which contribute to fewer interventions were called key elements. These elements were 

derived by visiting the well-performing stores and discussing how they realize a low amount local 

order interventions. Furthermore several store employees were asked to explain their experience 

with the automatic replenishment system. 

Inventory Performance 

The inventory performance of the best-case practices is depicted in table 13. The average 

performance of the remaining stores is given as well. The interventions are much lower compared 

to the interventions at Praxis as a whole. Statistical t-test demonstrated a significant difference in 

interventions (∆ = 9.84%, t = 17.502, p < .05). The intervention rate of well-performing stores 

was still around the 5%, since MOQ can barely be influenced by the store. The service level (t = 

0.12, p > 0.05) and turnover per SKU (t = 1.23, p > 0.05) do not show statistical differences. 

These statistics confirm the outcomes of the store characteristics in chapter 4. The inventory 

value per SKU shows an opposite outcome as the analysis to store characteristics, probably due 

to the absence of the decrease in inventory value caused by franchise stores. Here, the best 

practices showed a better effect, namely that fewer interventions results in lower inventory 

values, which supports the benefit of automatic replenishment. Moreover the t-test show that the 

weekly turnover is not harmed through fewer interventions. 
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Store service level 

(%) 

Interventions 

(%) 

Inventory value 

per SKU ('''') 

Weekly turnover 

per SKU ('''') 

2048 97,3 4,52 '''''''''''''''' ''''''''''' 

2054 97,5 2,04 ''''''''''''''' '''''''''''' 

2078 98,0 5,22 '''''''''''''''' '''''''''''' 

2089 97,9 5,25 '''''''''''''''' ''''''''''''' 

2240 98,3 4,28 ''''''''''''''' '''''''''' 

Average (best-case) 97.8 4.26 '''''''''''''' '''''''''''' 

Average (Praxis) 98.1 14.10 ''''''''''''''' '''''''''''' 

t-test  (* < .001) 0.12 17.50* 2.01* 1.23 

* t-test shows significant difference p < 0.05 

Table 13: Inventory performance best practices 

Key elements 

The well-performing stores had several similar circumstances which contribute to fewer 

interventions in the automatic replenishment system. Those circumstances are called key 

elements and improve the ordering process, because the elements reduce the interventions and 

therefore save valuable time of the employees. The key elements are: 

Store manager have the intention to depend on the automatic replenishment system: All best-

case stores were controlled by store managers who see the benefits of the system. They all 

mentioned that intervening in the system is extremely time-consuming. Moreover, the store 

managers agree on the fact that the system is better capable to predict the order-up-to-level than 

store employees do.  

No order intervention policy: All best-case stores completely relied upon the suggested order 

quantities meaning that the employees were not occupied with order intervening. This situation 

was realized by the store manager. He simply enforced the store to stop with intervening except 

for extraordinary situations. 

Explanation from the store manager to its employees: In order to make sure that the enforcement 

to stop the interventions will not result in resistance under its employees, the store manager 

clearly explained how the system works and mentioned the benefits. Again the store manager 

plays an important role in instructing his employees and expressing his believe in the automatic 

replenishment system. 

Fewer employees are occupied with auditing the recommended orders for exceptions: Sometimes 

this task was allocated to one person. In case of identifying a problem in the recommended order 

quantities, the regarded department was informed. Other stores, the executive employee of each 

department was responsible for auditing the order. 

Modification of the order-up-to-levels: The best scoring store had the highest rate of modifying its 

order-up-to-levels (17% of its assortment, the second store shows 9%). The other best-case stores 

pay barely attention to modifying these order-up-to-levels. 

From the above key elements may conclude that the store manager is extremely important in 

changing the ordering behavior. If the store manager does not understand or believes in the 

system, the ordering behavior will not change to the ideal situation. Secondly, the store manager 

is the initiator to minimize the local interventions. The low order intervention strategy is a very 

clear and consciously taken choice of the store manager. In order to help the employees in the 

ordering process, employees require readily accessible information about: 
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 The working of automatic replenishment. 

 The access to automatic replenishment parameters at SKU level. 

 How to modify order-up-to-levels. 

Moreover the fewer employees occupied with auditing the orders the better. The advice is to 

occupy fewer employees rather than allowing each employee to intervene in the automatic 

replenishment system. Some stores in the field research indeed allowed or even instruct all 

employees to check the order suggestions, which lead to unnecessary mutations. At the best 

practices minimal employees were involved in the ordering process. At the most stores the 

department is responsible for its own orders, which may imply that either the executive employee 

is the only responsible person or more employees at the department. Modifying the order-up-to-

levels can be very convenient in case of low shelf capacities.  

Reaction of store employees 

The executive store employees understand the working and benefits of the automatic 

replenishment system. The employees agree on the fact that valuable time is saved by following 

the recommended orders. Moreover they accept the choice of the store manager to discontinue 

intervening in the automatic replenishment system. Although the implementation of the 

automatic replenishment system meant major changes in their daily activities, the well-

performing stores prove that employees are able to adopt new working habits. 

However the store employees stay critical to the system. This critical attitude turned out when 

several employees mentioned a shortcoming of the automatic replenishment system: currently, 

the automatic replenishment system reacts delayed with respect to seasonal products. This critic 

subscribes to the willingness of store employees to mutate order quantities upwards based on 

their intuition. 

How to deal with narrow shelf capacities 

As demonstrated by the field research, shelf capacities are sometimes too small for stacking the 

recommended order quantities, resulting in excess inventory. Two solutions were found at the 

best practices. 

 The excess inventory was stocked in a pallet-box for each supplier separately in the 

backroom. When orders were delivered, the pallet-box went with the arrived products to 

the shop floor to be stacked. 

 The store had adapted the order-up-to-levels, such that the recommended order 

quantities always fit the shelf capacity. 

Brico 

Another example of an organization with minimum interventions was the sister company of Praxis, 

Brico. Brico had implemented the automatic replenishment system ten years ago. At the 

implementation phase, Brico informed the store employees about the working of the automatic 

replenishment system. The low intervention rate was realized through simply prohibiting. 

According to the inventory control manager of Brico, the reaction of the store employees was 

positive. Brico shows similarity the best practices regarding information sharing and ordering 

policy. At Brico the order-up-to-levels are modified decentralized, hence the stores are allowed to 

modify whatever they want. Furthermore, it should be noticed that 70% of the assortment is 

ordered using automatic replenishment, whereas Praxis orders about 90% using automatic 

replenishment. 
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Discussion 

Table 14 summarizes the mentioned key elements. Those elements are definitely helpful to 

reduce the interventions caused by intuition of the store employee. Moreover the best practices 

did minimally intervene in case of narrow shelf capacities and inventory inaccuracy. Earlier 

analyses demonstrate that even the inventory inaccuracy and shelf capacity barely affect the 

product availability by way of interventions in the order suggestion. So the well-performing stores 

confirm the outcome of analyses performed in this research project. 

Key elements 

Store manager understands the benefits of the automatic replenishment 

system 

Store manager decides to minimize the interventions 

Minimal number of employees involved in ordering process 

Information to the store employees about how the system works 

Modifying order-up-to-levels through the store personnel 
Table 14: key elements of successfully minimizing local order interventions 

Based upon the key elements, it is important to convince the store manager of the benefits of the 

system. More explanation about the system might helps, but this was already done when the 

system was introduced 2.5 years ago. There should be searched for new ways and additional 

information. A possible way could be the use of the well-performing stores as example. These 

stores may help to convince the store managers. An existing way to communicate to the store 

managers is the key performance indicator (KPI) overview. This overview could be extended 

through KPIs which monitor the consequences of order interventions. The additional KPIs are part 

of the implementation plan in the next section. The implementation plan will also recommend to 

provide the store employees with sufficient information about the system. The store employees 

will benefit from better information about the order-up-to-level modification process. In earlier 

stages, all information about the automatic replenishment system was communicated to the 

store managers. In case the store manager did not trust the system, important information did 

not reach the store employees. However this time the store employees involved in the ordering 

process should be reached. 

8.2.2. Remedying inventory inaccuracy as drive to intervene 

The previous chapter outlined the outcomes of the randomly counted samples. These counts 

were performed at the best practices. Although the well-performing stores did not intervene due 

to inventory inaccuracy, the inventory accuracy was quite low (62%). As discussed in the previous 

chapter, the quality of the order suggestions is not largely harmed by the inventory inaccuracy. So 

the very straightforward remedy to reduce the local interventions as a result of inventory 

inaccuracy is simply following the order suggestions. The best practices demonstrate that despite 

of their low inventory accuracy, their performance with respect to availability, inventory holdings 

and turnover was normal compared to the rest of Praxis. 

The inventory inaccuracy is complicated, since it is caused by many factors. However the time 

used for interventions in the automatic replenishment systems could be used to increase the 

accuracy in order to increase profits. Praxis changed the approach of zero-confirmations, which 

may reduce the errors made during these inventory checks. However Praxis should more focus on 

an approach in which periodically a part of the assortment is count. Compared with evaluations of 

those counts, the causes can be discovered and remedied.  
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8.3. Implementation steps 

This section will outline practical actions which improve the 

ordering process, but first the current developments are briefly 

described.  

Current situation 

The implementation phase of the automatic replenishment 

system was about 2.5 years ago. Until now, some stores have 

adopted a complete new work style. The best-case stores are 

examples of that. Other stores are still occupied with a large 

amount of interventions.  

New developments in the stores are full checks on the incoming goods. Previously incoming 

goods were hardly count. From this time on, all stores have to count the incoming goods. 

Secondly the moment of zero-confirmations are rescheduled from daily to once a week, on 

Saturday. Main reason for the rescheduling is to avoid zero-confirmations when goods are 

moving. On Saturday, deliveries do not take place. 

8.3.1. Implementations at shop level: 

The research outcomes demonstrate that local order interventions do not contribute to better 

inventory performance. Hence, an important part of the change plan is to inform and convince the 

store employees about the very low pay out of the effort in local order interventions, but first of all 

the store manager. 

Provide the stores with the general outcomes of this project: Important to mention to the stores is 

that the outcome has been realized with extensive field research at the stores and with the 

cooperation of stores. Include the impact on availability and inventory levels, concluding that local 

order interventions is time-consuming and does not benefit to higher performance.  

Use best-case store as examples:  Due to the store manager as key element, store managers 

should be triggered to change the whole ordering behavior of his store. This should be announced 

by the automatic replenishment department as well as by peers, like other store manager, district 

managers and operational coaches. The best-case stores are extremely suitable to serve as an 

example. Since store managers tend to disagree by mentioning exceptions, the stores have to be 

compared to example stores through comparison of turnover, inventory value and assortment 

characteristics. If store 2040 is compared to a best-case store it provides:  

2040 vs. best-case store 

27,000 assortment (SKUs) 25,000 

'''''''''' Weekly turnover (€000) ''''''''''' 

''''''''''''' Inventory value (€000) '''''''''''''''' 

31.25 Order interventions (%) 5.25 

 

Inform involved employees with all information regarding automatic replenishment: Because it is 

not visible for store employees to observe the impact of their interventions in the automatic 

replenishment system, the minor impact should be communicated to the employees. Most of the 

information regarding automatic replenishment is communicated towards the store manager. To 

communicate the low impact on availability, inventory levels and turnover, it should be tried to 

reach the store employees. This is partly attained by the implementation of two new key 

performance indicators. 
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Reduce the number of store employees occupied with the ordering process: It is better to execute 

the ordering process through minimal number of employees. Therefore first the number of 

employees occupied with ordering should be reduced, which will certainly decrease the local 

order interventions. Store employees should give attention to high case pack covers.  

From intervening in the automatic replenishment system to shelf maintenance: Because the 

inventory inaccuracy much more affects the margins than the order suggestions, the time used 

for order interventions should be applied to enhance the accuracy. Shelf maintenance contains 

all kind of activities to avoid inventory inaccuracy, like dispose product, looking for misplace 

items, correctly counting of out-of-stocks.  

8.3.2. Implementations at main office 

Provide the stores with new KPIs which reflect the results of their interventions: Based on the 

performed analysis on the interventions measured in the field research (chapter 5), new KPIs 

could be developed. Something similar as done in chapter 5 could be added to the existing KPI-

overview. This KPI-overview is once per two weeks published to the stores.  In order to convince 

the store managers, the new KPIs are quite appropriate. 

The KPIs involve the upwards interventions. One KPI represents the interventions when the stock 

level before the second replenishment arrival is equal to zero in case the order was not mutated. 

In other words the situations in which the intervention avoided an out-of-stock moment are 

counted. The KPI can be computed by counting the number of out-of-stocks which the original 

order suggestions had created. Subsequently, this number should be divided by the number of 

upwards interventions. 

The other KPI represents the interventions of which the original order suggestion was enough to 

satisfy all demand before the second replenishment arrival. These latter interventions were 

useless and only created excess stock. This KPI can readily be established by subtracting the 

previous KPI from 1. The KPIs become: 

         
                        

    

                            
 

                   

Restructure order-up-to-level modification process:   Since stores face problems with shelf 

capacities, modification regarding shelf capacity should be readily allowed. Furthermore, 

beforehand there must communicate towards the stores how these levels are maintained to 

avoid much vagueness around this topic. When the assortment changes the order-up-to-levels 

should be retained. However if the shelf capacities are critically evaluated and result in new 

order-up-to-levels before selling the new assortment, the order-up-to-levels should be changed. 

Again, this choice has to communicate to the stores to create understanding. In order to remain 

the right fixed order-up-to-levels, the order-up-to-levels should be evaluated whether the levels 

cover an acceptable part of the demand.  

Make sure that the required shelf capacity is able to carry the maximum inventory on-hand: The 

order-up-to-levels computed by the automatic replenishment system should be applied in the 

planograms. Before the planograms are determined, the demand forecasts of the buyers have to 

be used to calculate the maximum inventory on-hand. The required capacity equaled the 

maximum on-hand stock.  
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9. Conclusions and recommendations 

 

9.1. Conclusions 

This research addressed the ordering process performed by means of the automatic 

replenishment system at Praxis DIY. It was the project‟s purpose to improve the ordering process 

through investigating the store employee‟s need to intervene in the automatic replenishment 

system. 

Local stores at Praxis should stop the interventions in the automatic replenishments. Due to the 

low impact of interventions at store level, the assessments of the order suggestions are useless. 

The best practices demonstrated the possibility to substantially reduce the interventions through 

simply trust the replenishment system. First of all these well-performing stores eliminated the 

intuition of the store employee, which accounted for 29% of the interventions. Moreover, the 

automatic replenishment system outperformed the intuition of the store employee through 

causing less out-of-stock events. 

It appeared that a really small part of the interventions improved the ordering process. Some 

interventions avoid out-of-stock events and excess stock. However the total impact on the stores‟ 

performances is negligible. All interventions together even reduced the availability. The field 

research observed that store employees experienced a need to intervene in the system, because 

the following shortcomings were noticed by the store employees: 

 Narrow shelf capacity 

 Inventory inaccuracy 

 Minimum order quantity 

Although ignoring these shortcomings in the ordering process does not highly affect the inventory 

performance, it is of importance to remedy these causes of local order interventions, due to their 

influence on other performances. 

The shelf capacity should be able to carry the required inventory, otherwise backroom stock is 

created, which negatively impacts the inventory inaccuracy. Praxis should more integrate the 

required shelf capacities in the planograms as determined by the order-up-to-levels. The 

reduction in profits as a consequence of inventory inaccuracy was ''''''''''''''''''''''' ''''' '''' ''''''''' ''''''''''''''''. 

The local order interventions repair a very little part of the inventory inaccuracy. Hence, 

interventions in the replenishment system are not the right way to deal with inventory inaccuracy. 

Therefore the availability should be increased through focusing on inventory inaccuracy and 

through handling the causes. It will simultaneously increase the quality of the order suggestion 

and therefore the ordering process. The minimum order quantity causes relative a high amount of 

out-of-stocks compared to other interventions. Since the stores cannot exert influence of those 

minimum quantities, the supply chain management should restructure the distribution of this part 

of the assortment to reduce the amount of out-of-stocks. 

It is not only the decisions made on the shop floor which disturbs the ordering process. Many 

problems arise at higher levels in the organization. First, buyers should negotiate about the case 

pack covers and minimum order quantity to improve the ordering process. Secondly, the 

planogram department should take the computed order-up-to-levels into consideration. In the 

third place, the modified order-up-to-levels should not suddenly change without informing the 

accompanying store. Fourth, this research project also advices to develop a clear approach for 
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the stores at higher level in the organization which contributes to higher inventory accuracy, since 

this will benefit the entire organization. 

Throughout this research project it appeared that the time spend on the ordering process is a 

waste of time. Currently, each store is on average 15 hours occupied with the ordering process. 

Due to the much higher impact of inventory inaccuracy on the availability than the order 

suggestions, these 15 hours should spend on enhancing the inventory accuracy. The shift of the 

attention to inventory inaccuracy is logic, because beside the interventions as a result of inventory 

inaccuracy will disappear, the complete product availability will increase. The difference in impact 

on the product availability was explained by the products being out-of-stock but not recorded as 

out-of-stock in the inventory records. 

9.2. Recommendations 

The implementation steps as described in this research project contribute to a better ordering 

process at Praxis. Important actions are convincing the store managers about the small impact of 

local order interventions on the stores‟ performance. First, the KPIs will help to assess the 

interventions and to convince the store managers. Secondly, the well-performing stores are 

suitable to use as an example for the other stores. In the third place, the findings of this report 

should be communicated to the stores, especially those involved in this research. Below the 

recommendations which reduce the order interventions are briefly summarized: 

 Reduce the number of store employees occupied with the ordering process 

 Provide the stores with the outcome of this research project 

 Use well-performing stores as examples 

 Provide stores with information regarding automatic replenishment, especially about the 

modified order-up-to-levels 

 Focus on inventory inaccuracy instead of interventions 

 Introduce new KPIs to emphasize uselessness of interventions 

 Take into account the order-up-to-levels when determining the planograms 

9.3. Further research directions 

This research project provided several recommendations to improve the ordering process. The 

recommendations may differ if it was known how the store employees‟ trust in the system is 

connected with local order interventions. It could lead to more precise recommendation about 

how the employees should be convinced of the right working of the automatic replenishment 

system. 

Secondly this research project examined the impact and causes of inventory accuracy. It 

appeared that the inventory inaccuracy is a complicated problem at Praxis. It was estimated that 

the benefits of higher inventory accuracy are ''''''''''''''' ''' ''''''''' '''''''''''''''' ''''''''''''''''' '''''''''''''''''''''. Because time 

is saved by stopping the interventions, store employees could pay more attention improves the 

inventory inaccuracy. However stores do not know the right approach to improve the inventory 

accuracy. The development of the right approach can be an important research direction. 

The importance of the right shelf capacities occurred several times during the research project. If 

shelves are able to carry the order suggestions, it will reduce the drive for interventions. Moreover 

it will reduce inventory inaccuracy, since fewer inventories are stocked in the backroom. Of the 

replenishment orders, about 3.5% does not fit on the shelves. The integration of the planograms 

and the required order-up-to-levels implies a challenging research project. This topic is a quite 
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new research area. Such research will definitely benefit to the optimization of the retail 

operations at Praxis. 

A limitation of this research was the involvement of one retailer. The level to which retailers allow 

their personnel to intervene in the replenishment system differs. The findings of this research 

project are therefore hard to generalize. Of course there could be generalized whether other 

retailers show similar characteristics. However, research at other retailers will definitely 

contribute to better insight in the drives of store employees during the ordering process. 

9.4. Contributions to science 

Although there is hardly any research available describing the behavior of store personnel using 

automatic replenishment systems, the literature suggested some potential causes. This research 

project quantified the causes earlier mentioned in the literature. The demonstrated causes were 

motivations for store personnel to intervene in the system. The research was performed at a DIY 

retailer where personnel were allowed to intervene in the automatic replenishment system.  

Interventions in the automatic replenishment system were linked to inventory accuracy. It 

appeared that a low rate of interventions in the store did not correspond with high inventory 

accuracy. It was purely the store manager‟s trust in the system which leads to a low amount of 

interventions. This research confirms earlier studies, namely that the inventory inaccuracy results 

in lower quality of order suggestion. However the way to deal with inventory inaccuracy is not 

through order interventions. This research project contributed to the knowledge of the relation 

between interventions and inventory inaccuracy. Such that enhancement of the inventory 

accuracy will lead to higher profits and better order suggestions. 

It was concluded that the automatic replenishment system was better able to propose orders 

than the store employees. The number of out-of-stock events increased as a result of human 

intervention. In case of an intervention the store employee had to consider many factors like 

demand uncertainty. Since these factors make it hard to judge the order suggestions, it may 

conclude that the store employees had to do with a noisy environment. Although the setting is 

different in compare to Snijders et al. (2003), the research project is in line with the general 

finding in the literature that models outperform humans. Even though the automatic 

replenishment system is far from a perfect predictor, the system still outperforms the decision 

made by humans. 
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List of abbreviations 
SKU: stock keeping unit 

MOQ: minimum order quantity 

LOI: Local order interventions 

ARs:   Automatic replenishment system 

DC:   Distribution centre 

OOS:   out-of-stock 

FTE:   full-time employee 

KPI:   key performance indicator 

List of variables 
X   on-hand stock 

Y   inventory position 

µ   weekly demand 

OOS   out-of-stock event 

Q   case pack 

V   order value, VMOQ denotes the minimum order value 

CV   coefficient of variation 

S   order-up-to-level 

C   shelf capacity 

INV_TURN  inventory turnover 

VARIETY  number of products 

PRICE   selling price 

SIZE   product dimension 

NSW   net shelf space in terms of weekly demand 

CPC   case pack cover 

UP local interventions through ordering more units per SKU than 

recommended by the automatic replenishment system 

DOWN: local interventions through ordering fewer units per SKU than 

recommended by the automatic replenishment system 
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Appendix A: List of suppliers with MOQ 

 

Supplier causing interventions in the 

automatic replenishment system 

MOQ-value  

(CMOQ) 

Number of times causing 

MOQ in field research 

HESDO 100 5 

scala plastics 250 5 

madeco 150 5 

besselink 150 4 

ter hoeven 230 4 

tiger 160 4 

Makita 160 4 

mirrorwall 100 4 

naturado 250 4 

vepabins 200 3 

sealskin 100 3 

nedac sorbo 150 3 

foodservice 200 3 

artalu  3 

spijk 52,5 2 

Allibert 100 2 

eltra 100 2 

FHL import 34 2 

HDM 75 2 

Heg van de  150 1 

Luxform 250 1 

einhell  1 

décor 350 1 

suki 45 1 

rofra carvings  1 
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Appendix B: Outcome field research per store 
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Appendix C: Shelf capacity 

 

The table reports products mutated as a result of shelf capacity from the field research. These 

products were mutated in at least two stores of the six stores involved in the field research.  

Product Store C S Q u C<[S+Q-1]? type* 

1013006 2040 22 3 10 1,00   RM 

1013006 2050 22 16 10 3,60 YES RP 

1013053 2040 26 4 10 2,10   RM 

1013053 2050 26 6 10 2,00   RP 

2328744 2014 4 12 1 2,20 YES RP 

2328744 2040 4 6 1 1,60 YES RM 

2328744 2050 4 6 1 1,00 YES RP 

2779355 2040 5 6 1 2,70 YES RM 

2779355 2219 4 7 1 1,20 YES RP 

2779355 2252 5 15 1 2,70 YES RP 

3361203 2014 6 13 10 1,30 YES MA 

3361203 2040 12 5 10 3,00 YES RM 

3361203 2252 12 10 10 0,70 YES MA 

4693706 2040 2 4 1 0,80 YES RP 

4693706 2050 2 6 1 1,30 YES RP 

4693706 2252 2 11 1 1,40 YES RP 

5047938 2014 5 9 8 0,20 YES MA 

5047938 2040 10 6 8 1,40 YES RM 

5047938 2050 10 16 8 3,10 YES RP 

6426949 2040 40 27 10 6,60   RP 

6426949 2050 40 15 10 3,20   RP 

6428443 2040 24 18 10 4,00 YES RM 

6428443 2050 24 18 10 3,20 YES RP 

6428443 2252 24 15 10 1,90   MA 

6432853 2040 16 16 10 2,70 YES RM 

6432853 2050 16 14 10 2,30 YES RP 

6432853 2252 16 10 10 0,90 YES MA 
* RM = fixed order-up-to-level; RP = dynamic order-up-to-level; MA = order manually 
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Appendix D: Overview of all measured motivations 

 

Motivation  

Shelf capacity 21,8% 

voorraad komt niet overeen 18,6% 

Minimum Order Quantity 17,5% 

Expecting more demand* 15,0% 

Stimulate sales by creating fuller shelves* 10,0% 

Expecting less demand* 4,0% 

Manually ordered 3,7% 

Promotion 2,4% 

Season 2,0% 

Handling effort 1,2% 

Stock reduction 0,9% 

New assortment (no sales history) 0,7% 

Previous deliveries incorrectly booked 0,5% 

Does not belong to assortment 0,4% 

Shelf life 0,4% 

More available facings 0,3% 

Old stock 0,2% 

Not deliverable 0,1% 

Wrong EAN-code 0,1% 
*these motivations form together the motivations caused by intuition. 
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Appendix E: Results linear regression model UP 

 

Model Summary 

Model R R Square 

Adjusted R 

Square 

Std. Error of the 

Estimate 

1 ,286
a
 ,082 ,078 ,0758360 

a. Predictors: (Constant), INV_TURN 

 

ANOVA
b
 

Model Sum of Squares df Mean Square F Sig. 

1 Regression ,134 1 ,134 23,305 ,000
a
 

Residual 1,501 261 ,006   

Total 1,635 262    

a. Predictors: (Constant), INV_TURN 

b. Dependent Variable: UP 

 

Coefficients
a
 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) ,126 ,008  15,989 ,000 

INV_TURN -,006 ,001 -,286 -4,828 ,000 

a. Dependent Variable: UP 
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Appendix F: Results linear regression model DOWN 

 

Model Summary 

Model R R Square 

Adjusted R 

Square 

Std. Error of the 

Estimate 

1 ,304
a
 ,092 ,082 ,1555953 

a. Predictors: (Constant), AVE.INV/u2, size, BE/u, INV_TURN 

 

ANOVA
b
 

Model Sum of Squares df Mean Square F Sig. 

1 Regression ,817 4 ,204 8,434 ,000
a
 

Residual 8,013 331 ,024   

Total 8,830 335    

a. Predictors: (Constant), AVE.INV/u2, size, BE/u, INV_TURN 

b. Dependent Variable: DOWN 

 

Coefficients
a
 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) ,122 ,031  3,899 ,000 

CPC ,003 ,001 ,215 3,467 ,001 

SIZE ,004 ,001 ,190 3,583 ,000 

INV_TURN ,010 ,003 ,227 2,963 ,003 

COVER ,002 ,001 ,163 2,086 ,038 

a. Dependent Variable: DOWN 
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Appendix G: Results linear regression model LOI 

 

Model Summary 

Model R R Square 

Adjusted R 

Square 

Std. Error of the 

Estimate 

1 ,394
a
 ,155 ,148 ,15131 

a. Predictors: (Constant), VK, AVE.INV/u2 

 

ANOVA
b
 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 1,003 2 ,502 21,903 ,000
a
 

Residual 5,449 238 ,023   

Total 6,452 240    

a. Predictors: (Constant), VK, AVE.INV/u2 

b. Dependent Variable: LOI 

 

Coefficients
a
 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) ,270 ,013  20,728 ,000 

COVER ,001 ,000 ,286 4,768 ,000 

PRICE ,002 ,000 ,240 4,010 ,000 

a. Dependent Variable: LOI 
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