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Abstract 

This master thesis describes how current forecasting model within the organization of EMTÉ 

supermarkets can be improved. Moreover, the focus of this master thesis project is on the forecasting 

technique for perishable promotional items. EMTÉ supermarkets is facing the problems of an inaccurate 

promotion process, in which two processes are most important; the forecasting process and the 

allocation process. This master thesis project solely focuses on the forecasting process. Currently, a 

judgmental way of forecasting is applied by personnel of EMTÉ supermarkets; promotional sales of a 

former promotion are leading in their forecasts. This project developed a LF model for perishable items 

for different product categories as can be found within the organization of EMTÉ supermarkets. The LF 

model is based on multiple linear regression, resulting in a full forecasting model with 21 independent 

variables included. Based on this model, some interesting results are found for individual independent 

variables or sales indicators. Display placement and relative price discount turned out to be of high 

importance in order to accurately forecast promotional sales. More specifically, a threshold point is 

found for relative price discount, indicating that discounts below this threshold point do not affect 

promotional sales. The forecasting model is able to accurately forecast the expected promotional sales, 

resulting in low inventories after a promotional week.  
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Management Summary  

This research is hosted by the Food Retail division of Sligro Food Group B.V.; EMTÉ supermarkets, and 

specifically focused on the promotion process of perishable items. Current competition within the Dutch 

Fast Moving Consumer Goods (FMCG) has made price promotions more important the last decades; 

promotional pressure was on average 15% in 2010 (research by GfK). EMTÉ’s management noticed the 

importance of price promotions, as well the increase in promotional pressure. Consequently the 

promotion process of EMTÉ supermarkets had to be reconsidered. 

Problem definition  
Current perishable promotion process within the organization of EMTÉ supermarkets is insufficient. 

More specifically two general causes can be traced for this insufficiency; the forecasting technique and 

the allocation mechanism that are used. The forecasting process as being used by personnel of EMTÉ 

supermarkets can be categorized as a judgmental forecasting technique in which promotional sales of a 

former promotion and personnel’s experience are leading in creating forecasts. Another issue of current 

forecasting model is the number of stakeholders that are involved; employees of multiple departments 

are being involved in making the forecasts. Inventory management, a specialized forecaster, the 

purchase department and store managers have influence in the promotion process. Next to the 

forecasting process, the allocation process is identified as root cause. Products are distributed to the 

stores in one or two fixed deliveries, in which all forecasted products are allocated to the stores, leading 

to inflexibility. This insufficiency leads to lost sales and wasted products during and after a promotional 

week.  

After an analysis, the decision is made to help EMTÉ supermarkets with their forecasting process since 

this turned out to be important. Moreover, several processes are based on forecasts made on an 

aggregated level. Consequently, the following research question is investigated: “How can the current 

forecasting technique for perishable promotional articles be improved?”  

To give answer on this research question, a research design is developed that investigated the 

possibilities of a forecasting model.  

Research design 
In the literature, several promotional forecasting methods can be found, for example Promocast 

(Cooper et. al, 1999), SCAN*PRO (Wittink et. al, 1988), and the Lift Factor model (e.g. Van der Poel, 

2010). Cooper et. al (1999) argued for the use of a Lift Factor, which equals the promotional sales 

divided by the baseline sales. Van der Poel (2010) developed a Lift Factor model, based on the principles 

by Cooper et. al (1999). Current research investigated the possibility to apply a Lift Factor model on 

perishables. The choice for the Lift Factor model is based on a requirement by EMTÉ supermarkets; ease 

of use. The Lift Factor can be determined by making use of multiple linear regression. This method 

predicts the dependent variable (LF) based on several independent variables. The forecasting model is 

graphically represented in figure 1. The model is created by extending the forecasting model as been 

developed by Van der Poel (2010). More specifically, his forecasting model is taken as basic model; the 

promotion variables with information on price discount, promo mechanisms, and advertisement are 
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taken from the model by Van der Poel (2010). Furthermore, findings from the literature are added to 

the basic model. For example, Weather and Location characteristics are added to the forecasting model.  

 
Figure 1 overview forecasting model, LF of promotional sales as independent variable 

Research results 
The model as represented above is tested on several perishable product groups available at EMTÉ 

supermarkets; Dairy products, Meat and Salad products, and Bread and Pastry products. Based on these 

three different product categories, five different dataset were created; dataset 1 contains all different 

product categories, dataset 2 contains all product categories except Bread and Pastry, and dataset 3-5 

respectively contain Bread and Pastry, Dairy, Meat and Salads. Dataset 2 was created since personnel of 

EMTÉ supermarkets indicated that the Bread and Pastry category differently reacts on price promotions 

due to high willingness of substitution and the high diversity of products. The performances of the 

different regression models are quite good; for regression model 2, which is based on dataset 2, an 

adjusted R2-value of .796 was found indicating that 79.6% of the variance is explained by the regression 

model. Validating these findings by using the remainder of the dataset results in a Mean Absolute 

Percentage Error (MAPE) value of 26.5%. To come up with a meaningful conclusion on regression model 

1, a combination should be made of regression model 2 and 3 since these regression models are based 

on the same data as regression model 1 is. From comparing regression model 1, with a combination of 

regression model 2, and regression model 3 could be concluded that the combination of both models 
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outperforms regression model 1. A first indication by EMTÉ personnel that the product category Bread 

and Pastry was hard to forecast could be supported based on the different regression models that are 

developed.  

Analyzing the different coefficients of the regression models results in some interesting insights. 

Moreover, a possible threshold point for relative price discount was investigated; relative price 

discounts lower than this threshold point should not affect promotional sales (Gupta et. al, 1992). From 

the results can be concluded that this threshold point exists. Another interesting insight is the finding on 

display placements. Based on this research can be concluded that some product categories are not 

positively affected by display placement. Moreover, Meat and Salads are negatively reacting on display 

placement. Other product groups like Dairy are heavily affected by display placement.  

Conclusion and recommendations 
This master thesis project developed a LF-model for perishable promotional items within the 

organization of EMTÉ supermarkets. An accurate forecasting model has been developed with interesting 

results. The most interesting results will shortly be discussed in this section. In the literature many 

support is found for the use of relative price discount as independent variable. Van Heerde et. al (2001) 

argued for the existence of a threshold point; relative price discounts lower than this threshold point did 

not affect promotional sales. This research found evidence for a threshold point; the threshold point is 

found to be around 20%. Another frequently discussed variable in the literature is advertisement. 

Curhan (1974) found evidence for display placement as one of the most important variables to forecast 

promotional sales. Current research supports the findings by Curhan (1974), however most literature 

assume that display placement positively affects the promotional sales. This turned out to be not true; 

some product groups are negatively affected by display placement, for example; Meat and Salads.  

In general, an accurate forecasting tool has been developed which takes all information into account 

available on price promotions. Differences are found between perishables and non-perishables.  

Before implementing the LF model, some changes should be implemented in the organization of EMTÉ 

supermarkets. The different changes in the organization are shown in figure 2.  

 
Figure 2 needed changes in the organization 

Change 1 creates a database that can be used to make the forecasts. The regression model as been 

developed need to be based on available data, creating a central database will improve the efficiency of 

the forecasting model. Change 2 creates the actual forecasting tool; a tool which automatically forecasts 

the promotional sales is preferred. Change 3 extends the forecasting model, in such a way that it can be 

used for different product groups.  

For EMTÉ supermarkets it is recommended to use this forecasting model to forecast their promotional 

activities. Implementing this forecasting model results in significant decrease of costs; moreover the 
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expiration date costs can be reduced by 23%. In order to use LF model for other product categories as 

well, more research should be executed on the parameters for the regression model. Moreover, the LF-

model cannot be applied on all product categories, for example it cannot be applied on In/Out products. 

Using the LF-model for all different product categories is attractive, due to the high performance of the 

model the different store managers could be excluded from the promotional activities resulting in high 

cost reductions. To achieve highest performance, highest product availability and lowest waste, EMTÉ 

supermarkets is recommended to use a combination of the forecasting tool as been developed in this 

research and the flexible allocation model as being introduced by Van Dinter (2011). This combination 

will fruitful since forecasting errors will be automatically adapted by the allocation mechanism.  

To conclude, a forecasting model has been developed which support findings in the literature. Moreover, 

a threshold point is found around 20%. Another important finding is the result on display placement, 

product groups differently react on display placement. Due to this finding, it is important to know which 

product groups do negatively react on display placement, consequently only product that positively 

react on display placement can be placed on a display.   
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Part 1: Project definition  

In the first part of this report, the aim of the 

project is defined. In chapter 1 the problem 

EMTÉ supermarkets is currently facing is 

introduced and topic related literature is 

discussed. Chapter 2 will provide information 

about the problem; a problem analysis and 

research question is provided. Finally, the scope 

of this research will be defined in the last 

section.  

1 Introduction 

1.1 Structure of report  
The report’s structure is based on the regulative cycle by Van Strien (1997), as can be seen in Figure 1-1. 

A transformation is applied on the regulative cycle by Van Strien (1997) since during the research many 

adjustments have been made on the model. Therefore the decision is made to combine the model 

results and the model adaption part. In the next figure the transformation that is applied on the 

regulative cycle by Van Strien (1997) is represented.  

                           

Problem 

definition

Research Design

Model Results 

& Adaption

Implementation

& conclusions

 

Figure 1-2 adaption regulative cycle by van Strien (1997) 

 As can be seen in Figure 1-2, the adapted regulative cycle contains four different parts. The first part, 

problem definition, discusses the motivation for this research. More specifically, this part will deal with 

current problem as being experienced within the retail division of Sligro Food Group B.V., EMTÉ 

supermarkets. Based on this problem introduction, topic related literature is discussed in this chapter. 

Consequently, chapter 2 defines the problem in more detail, and the boundaries for this research will be 

defined; moreover the scope of products is discussed.  

Part 2 of this paper translates the findings of the first part into a research design. Academic standards are 

used to develop this research design; moreover this design will create a forecasting model that will be 

tested on its performance. The findings of the execution of the research are extensively discussed in part 3. 

Figure 1-1 Adapted regulative cycle by Van Strien (1997) 

Transformation 
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Finally, part 4 treats the implementation of the model into the organization of EMTÉ supermarkets and final 

conclusions are drawn.  

1.2 Problem environment  
EMTÉ supermarkets is the food retail division of Sligro Food Group B.V., located in Veghel. Like every 

retailer in the Netherlands, EMTÉ supermarkets strives to fulfill customer demand as good as possible, in 

doing this EMTÉ supermarkets distinguishes itself from other supermarkets by creating a perishable 

product department of high quality in each store; specialists are working in each supermarket to achieve 

highest quality of fresh meat, vegetables, cheese, and bread. Consequently EMTÉ supermarkets is 

certificated as the best fresh meat and fresh cheese supermarket in the Netherlands for several sequent 

years (research by GfK, an independent research company). EMTÉ supermarkets stands for high quality 

of fresh items, low-priced articles, and friendly personnel. Besides the normally low-priced articles, price 

promotions are used to attract customers to their stores.  

In February 2012, EMTÉ supermarkets owns 130 supermarkets mostly located in the south, south east of 

the Netherlands (Noord-Brabant). From the above mentioned 130 supermarkets, 30 supermarkets are 

franchise supermarkets. Each retail store is supplied by a retail DC (Putten or Kappele). In Figure 1-3 an 

overview is given of the current company structure of Sligro Food Group B.V.. 

In 2010, the Food Retail division of Sligro Food Group B.V. realized a total turnover of 737 million euro’s 

(2.7% market share), of which 578 million euro’s is realized by owned supermarkets (1.9% market share). 

Which indicates that EMTÉ supermarkets is a small player in the grocery market, seen the relative short 

period Sligro is focusing on retail this should not be a surprise.  

1.3 Problem introduction 
Current competition within the Dutch Fast Moving Consumer Goods (FMCG) has made price promotions 

more important the last decades. To support this statement, the promotional pressure is on average 15% 

in 2010 (research by GfK), indicating that 15% of the total sales are due to promotional sales. Making 

use of price promotions can be one way to distinguish from competitors; nevertheless there are some 

major pitfalls when using price promotions to attract customers, such as Out of Stock of promotional 

articles, and high leftovers after a promotion week. Of high importance is the availability of promoted 

articles. Achieving high service levels, acceptable prices and providing good service to customers should 

increase customer’s satisfaction. According to research performed by Centraal Bureau 

Levensmiddelenhandel (2010) the top 2 annoyances by Dutch customers in 2010 is; 

Sligro Food Group B.V. located in Veghel, Noord-Brabant 

Food Retail Food Service Production Companies 

 
EMTÉ 

125supermarkets 

 
Golff 

5 supermarkets 

 
Sligro 

Wholesale 

 
Van Hoeckel 
Instutional 

CuliVers Smeding 

SmitVis 
Maison Niels de 

Veye 

 2 retail distribution centers 45 wholesale markets, and 11 
delivery markets 

 

Figure 1-3 overview organization structure Sligro Food Group B.V. 
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1. Out of stock of promotion articles 

2. Out of stock of articles in general 

As follows from this overview, a major drawback is the availability of the promoted articles during 

promotion weeks. To support the above statement, the reader should take in mind that customers have 

the possibility to easily switch stores since transportation between places is not a problem anymore. 

Additionally; customers are willing to drive longer distances to get low prices and high service. Contrary 

to OOS, it is possible to have leftovers after a promotion week; these products are costly especially for 

perishable items since these products will rapidly turn into wasted products. A thorough promotion 

process is necessary to overcome those drawbacks. 

At this moment, EMTÉ supermarkets is highly ranked on their perishable departments within each store. 

But EMTÉ’s management noticed the importance of price promotions, as well the increase in 

promotional pressure. Consequently the promotion process of EMTÉ supermarkets had to be 

reconsidered. Currently, EMTÉ supermarkets is facing a promotional pressure around 21%. However, 

EMTÉ supermarkets has to deal with the consequences of the inaccurate promotion process. Moreover, 

low product availability and high leftovers after promotions are two results of this inaccuracy. From an 

analysis as will be discussed later on in this report can be concluded that there are two root causes for 

this inaccuracy; the forecasting technique and the allocation technique. More specifically, many 

stakeholders are responsible for the forecasts made during the promotion process. Thereby, forecasts 

are solely based on personnel’s experience which does not contribute to the accuracy of the forecasts.  

The problem as being experienced within the organization of EMTÉ supermarkets in combination with 

above mentioned annoyances and customers’ transportation potential results in a high relevance of this 

research.   

1.4 Overview literature  
This section will shortly discuss the available literature on perishable items and price promotions. First, 

the differences between perishable and non-perishable products will be discussed, followed by an 

introduction on price promotions. Furthermore, the consequences of Out of Stock (OOS) will be treated, 

as well the remedies for OOS products.  

According to Van Donselaar, Van Woensel, Broekmeulen, and Fransoo (2006) the difference between 

perishable and non perishable items can be found in the products’ characteristics. Van Donselaar et. al 

(2006) stated that an item is considered perishable if it meets one of the following two criteria; high rate 

of deterioration in ambient storage, therefore specific storage conditions are needed to slow down the 

deterioration rate or; the obsolescence data of the product is such that reordering the products with a 

same date is impractical. According to Thron, Nagy, and Wassan (2007) the sale of perishable items is of 

vastly increasing importance for grocery retailers; around 50% of the total turnover can be accounted to 

perishable items. Van Donselaar et. al (2006) found that perishables typically have a weekly sales which 

is 50% higher than non-perishables. The importance of perishables is made clear, especially when taking 

Heller’s (2002) conclusion on perishables; according to this research the quality of the perishable 

product assortment is becoming the core reason customers choose one supermarket over another. 
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Furthermore, van Donselaar et. al (2006) discussed the easiness of substitution by customers when 

focusing on perishables. Customers have higher willingness to substitute perishable items compared to 

non-perishable items. This contributes to most retailers’ objective to aim for a low percentage of 

leftovers, which is a frequently discussed topic in the literature. Thron et. al (2007) stated that 

perishable items account for the majority of product losses; around 15% is lost due to damage, spoilage, 

and expiry. Van Donselaar et. al (2006) recognized the danger of having too much waste, especially for 

products with a low shelf life. Consequently supermarkets aim for substitution between products in the 

same product category. In general, perishables are of high importance for grocery stores. Nevertheless 

one of the major drawbacks of perishable items is their expiration date which leads to wasted products. 

Since customers’ willingness to substitute perishables is high, assortments are relatively small.  

Another reason for customers to visit a specific store is the quality of their price promotions. Srinivasan, 

Pauwels, Hanssens, and Dekimpe (2004) noticed that since the 1970s the amount of budget on 

promotional activities significantly increased. Due to this long history of promotions, much information 

is available on price promotions. According to Blattberg, Briesch, and Fox (1995) price promotions are 

not only used in the FMCG, but are applied in all kind of businesses. Price promotions are increasing the 

store traffic during a promotion week; resulting in increased sales of promoted articles. Currently, in the 

literature many discussions focus on the most important reasons for increased sales. Some authors 

conclude that sales are mostly affected by price discounts (Cooper et. al, 1999), while others do believe 

that advertisement and increased inventory affect the promotional sales the most (e.g. Curhan, 1974).  

As discussed in section 1.3, the non availability of products in general and during promotions are the 

highest annoyances by Dutch customers. In the literature, the consequences of OOS products are 

extensively investigated. Corsten and Gruen (2003) argue in their research that in general a consumer 

will behave according to five different types of responses;  

- Buy item at another store 

- Delay purchase 

- Substitute (same brand) 

- Substitute (different brand) 

- Do not purchase the item 

The largest part of the customers purchases a substitute product, while 27% switches stores due to OOS. 

Furthermore, 9% of the customers do not substitute the intended purchase, nor leaves the store. 

Consequently 36% of the customers do not buy the intended products, or any substitute. Van Woensel, 

Van Donselaar, Broekmeulen, and Fransoo (2007) found some contradictory results after analyzing 

perishable products. In their analysis the consequences of OOS for a typical perishable product were 

investigated; bread. Around 80% of the customers bought a substitute, while only 6-11% bought the 

product elsewhere, depending on respectively regular customer or an occasional customer. Interesting 

is the large fraction of customers that substitutes their preferred perishable item when it is OOS. Based 

on above comparison could be concluded that the willingness to substitute perishable items is higher 

than for non-perishable items. Customers leaving the store to buy their preferred products elsewhere 
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are lost customers, maybe for only one time but frequently disappointed customers will result in losing 

the customer definitively.  

Gruen, Corsten, and Bharadwaj (2002) came up with a framework that divides the solutions of OOS in an 

ordering part, and an operation part. Moreover, the ordering part contains solutions in the following 

three categories; data accuracy, forecast accuracy and replenishment. Operation contains solutions in 

shelf capacity, shelf implementation, and shelf management.  

Data accuracy turned out to be important in order to achieve high service levels, since most forecasting 

techniques and replenishment techniques are based on inventory data, and/or sales data. In order to 

increase data availability and data accuracy RFID is brought forward as a total solution for data 

inaccuracies; not only information about inventory can be stored using the RFID technique, also 

information about temperature changes in the supply chain and remaining shelf life can be stored. This 

will help the manager by increasing the quality of fresh items. 

Forecast accuracy is an extensively discussed topic in the literature. Several academic forecasting 

models are being used in current practice. Many promotional forecasting tools are available in the 

literature of which the following two are the most interesting for this research; Promocast (Cooper et. al, 

1999) and SCAN*PRO (Wittink, Addona, Hawkes, and Porter, 1988). Promocast forecasts promotional 

sales on a store aggregation level. The natural log of the number of products sold in a promotional is 

taken as dependent variable. Based on 67 different variables, this dependent variable is forecasted. 

Moreover, the different variables are based on the promotional mix, history of the product, and store 

specific information. The promotional mix focuses on price discount, advertisement, and displays in a 

store. The second perspective deals with the performance of the product, especially the performance in 

the last promotion. And the third part focuses on differences between products. SCAN*PRO forecasts 

promotional sales on a supply chain level, and only base their forecasts on information about 

advertisement, display, and (promotional) prices. Besides these two scientific models, some general 

insights can be found in the literature. Cooper et. al (1999) noticed the difference between the absolute 

sales in a promotion, and the LF of a promotion. Van Loo (2006) built a Lift Factor model on the 

principles by Cooper et. al (2006) in his master thesis project. This model forecasts promotional sales 

according to their relative increase in a promotion, the Lift Factor (LF). This LF is forecasted by using 

multiple linear regression, all kind of independent variables are taken into account. The LF model is an 

interesting model due to its simplicity and high performance.  

Above discussed models generally focus on non-perishable items. One of the reasons for this focus can 

be the willingness to substitute perishable items as discussed in Van Woensel et. al (2007), indicating 

that it is more important for non-perishables to accurately forecast promotional sales. Furthermore, 

perishable demand is more stable due to the relatively small assortment. Another reason for focusing on 

non-perishables may be the complexity and riskiness of handling perishables due to their limited life 

time (Thron et. al, 2007). Reasons that support focusing on perishables can be found as well. Around 50% 

of the total turnover can be appointed to perishables. As already discussed, the quality of perishables is 

a core reason for customers to visit a specific store. Furthermore Thron et. al (2007) argued that 

perishables account for majority of product losses. Indicating that focusing on perishable is important.  
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Now the importance of forecasting perishable promotion demand is clarified, important indicators of 

promotional sales should be discussed. One interesting but outdated research is the research by Curhan 

(1974). This research investigated the effects of high quality locations and display placement on 

promotional sales for perishables. Even though the article is outdated, it is the only article found on 

display placement specifically for perishable items and therefore still interesting to use during the 

research. Shortly summarizing Curhan (1974); in his article the effects of location quality, bonus space 

availability, price discount, and advertisement on sales of perishable items were investigated. Location 

quality and bonus space availability turned out to be of high importance for all perishable items; 

location quality is divided in two different categories, prime locations and normal locations. Products 

that are displayed on a prime location turned out to be more effective, the same consequences can be 

observed when analyzing bonus space availability; an increase in bonus space results in more sales. 

Where Curhan (1974) stated that price discount is of less importance, many authors disagree with him 

on this point. For example Van Heerde, Leeflang, and Wittink (2001), mentioned the importance of price 

discount. More specifically they argued for the existence of a threshold, and saturation point. A 

threshold point is the minimum value of price discount required to change consumer’s purchase 

intention (Gupta and Cooper, 1992). Van Heerde et. al (2001) investigated this threshold point and 

found that a minimum price discount of 15% should be applied in order to encourage customers to buy 

specific products. Furthermore, Gutpa et. al (1992) argued for a saturation point; the point above which 

the effect of price discount on changes consumer’s purchase intention is minimal. Support for a 

saturation point is found in Van Heerde et. al (2001); according to this research a saturation point is 

found at 40% price discount. Based on the findings by Van Heerde et. al (2001), price discount between 

10-40% should be applied in order to encourage customers.  

Concluding, much literature is available on sales promotions, consequences of OOS, and remedies to 

overcome OOS like forecasting methods. Many of these articles are specifically based on non-perishable 

items. In order to satisfy customers, an appropriate promotion process can be seen as required. 

Furthermore, the findings by Curhan (1974) can help to predict promotional demand more accurate.  

1.5 Gaps in the literature  
The literature overview showed above is a summary of an elaborated literature review being performed 

before starting current research. This master thesis project will contribute to the literature on the 

following points, as follow from the literature overview.  

1. Findings by Curhan (1974) are outdated. As discussed in previous section, the findings by 

Curhan (1974) are really outdated, since this article is the only article found on perishable items 

and display placement it is interesting to reinvestigate the findings of Curhan (1974). In the retail 

environment it is of high importance to determine the factors that are affecting promotional 

sales. According to Curhan (1974) bonus space availability and location quality are of high 

importance.  Reinvestigating these findings will contribute to the literature on display placement 

specifically for perishables.  

2. Forecasting methods for perishable promotion articles. Currently many information is available 

on forecasting promotional sales for non perishables. Previous section discussed some potential 
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reasons for this focus; customers’ willingness to substitute their products is higher for 

perishables than for non-perishables, consequently it may be more important for non-

perishables to accurately forecast promotion. Nevertheless, it is at least as important for 

perishables as for non-perishables to accurately forecasting promotional sales; according to 

Heller (2002) the quality of perishable items is a core reason for customers to visit a specific 

store. Thron et. al (2007) found out that around 50% of the total turnover, as well the largest 

part of waste can be accounted to perishables. Consequently, the importance of a forecasting 

method for perishable promotional articles is made clear, especially when taking customers’ 

reactions on OOS into account. Specifically focusing on a forecasting model for perishable 

promotional products gives the opportunity to extend the literature on perishable forecasting 

techniques.  

3. Support for threshold and saturation point for relative price discount.  In the literature price 

discount is a frequently used predictor of promotional sales. Nevertheless, several ways of 

including price discounts as a predictor are found. Van Heerde et. al (2001) argued for the use of 

relative price discount as a nominal variable, to be able to use a threshold and saturation point. 

Even though their broad support for a threshold and saturation point, many authors ignore 

these findings and do use a linear effect for price discount. Currently it is interesting to 

investigate the potential threshold and saturation point for perishable items. In doing this, the 

literature on price discount can be extended with the effects of price discount on perishables.  

2 Problem definition    

This chapter focuses on the aim of the project. First, a general process description is given of the current 

promotion process within EMTÉ’s organization. Second, the initial problem and problem scoping is 

discussed. Based on the previous steps this section provides the research question, and lastly the 

practical requirements will be determined.  

2.1 Promotion process EMTÉ supermarkets 
First, current promotion process will be mapped in this section, thereafter a comparison with the model 

by Van Dinter (2011) will be given, as well an analysis on flexibility and limitations.  

2.1.1 Process mapping 
The first step in analyzing the problem is to reproduce current promotion process within the 

organization of EMTÉ supermarkets. This elaboration will be done according to a qualitative analysis. 

Different stakeholders of the promotion process are questioned, for example store managers, 

purchasers and inventory managers (see Appendix A for a total list of respondents). As already discussed 

in Peters (2011b) and Van Dinter (2011), the promotion process roughly consists of two different parts; 

a forecasting part and an allocation part. The processing description is graphically shown in figure 2-1.  

The forecasting part starts 12 weeks in advance, and is already finished four weeks before an actual 

promotion. Within these eight weeks, many stakeholders are responsible for the forecasts. First, an 

initial forecast is made by the purchase department, since an acquisition is based on expected sales. 
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Obviously making forecasts for future sales 12 weeks in advance is not a specialism of the purchasing 

department. After this initial forecast, another forecast is made by a specialized demand forecaster. 

Nevertheless forecasts are mainly based on personal experience. The next step in the forecasting 

process is the checking procedure by store managers. Here, the forecasts as being made by the 

headquarters are checked and adapted on product level. Finally, the forecasting part is closed with 

another check by the specialized forecast demand forecaster.  

The allocation part takes place during the week prior to a promotional week, and the promotional week 

itself. The products are shipped to each distribution centre (DC), or cross-dock is used to send products 

directly to the store.  

 
Figure 2-1 complete promotion process  

Next step in the analysis is to shortly discuss al different steps that are made during the promotion 

process.  

1.  Promotional planning. The promotion process starts with the promotion planning, a planning 

that is published on yearly base by the Marketing and Sales department. This document contains 

information about promotion activities during the year in low detail. Especially promotional themes are 

established. Furthermore, a product specification is determined, in which the focus on product group 

level is made clear. For example, in a specific week the product category Bread and Pastry needs to 
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come up with a very good offer. Even though the guidelines for the promotions are created in this 

document, purchasers are free to fill the promotion places according to their insights.  

2. Acquisition and first forecast of promotional products. Once the promotional planning is 

published, promotional activities are restarted 12 weeks prior to a promotional week. It is time for the 

purchase departments to make an acquisition with a supplier, and create their promotion portfolio 

based on profit margins. Since suppliers mainly base their selling price on sales, it is important for the 

purchase department to have some forecasts. Therefore, an initial forecast is made by the purchase 

department to come up with an expected number of sales during the promotion week. These forecasts 

are solely based on experience, and previous look alike promotions. It should be mentioned that the 

supplier has great influence on the products that will be promoted, since the suppliers can determine 

the price of their products.  

3. Check initial forecast, make disaggregate forecast. After an initial forecast by the purchasing 

department, a specialized demand forecaster is checking and adapting the forecasts. This specialized 

demand forecaster also uses experience to adapt the forecasts. In order to create an order set for each 

individual store, a preset allocation rule is used to determine the orders on store level. On weekly base 

the disaggregated order sets are sent to the supermarket manager. Evaluating the deals made by the 

purchase department is done in a scheduled meeting, which takes place every three weeks. Total 

turnover and profit margins are leading topics in these meetings.  

4. Evaluation of forecast per store. Each individual store receives their order set for a specific 

promotion week five to six weeks prior to an actual promotion week. Store managers have the 

possibility to adapt their order sets, but with a maximum of 40 different products. Together with the 

department specialist in the store, orders are adapted according to the store’s preferences.  Once an 

order set is returned to the headquarters, the forecaster makes a last check. This forecaster can overrule 

changes made by store managers.  

5. Ordering products. Four weeks in advance, order sets are delivered at the DC, and another 

check of the forecasts is made and products are ordered at the supplier. All non-promotional ordering 

activities continue, promotional products are ordered separately from non-promotional orders. Besides 

the order sets as been made by the forecaster, a safety stock is added to the orders as well; depending 

on the type of product and the expiration date of the products.  

6. Delivery to DC and store. Each supplier delivers the promotional products a few days before the 

start of a promotion week, in doing this supplier and DC can guarantee freshness of the products. On 

Saturday, most products are transported to the stores in a first shipment. For most stores, a second 

shipment is planned on Tuesday or Wednesday; the remaining part of the order set is delivered to each 

store in this shipment. Both deliveries are based on the order set, as they are created four weeks in 

advance. No changes can be made once an order set is created. Each store manager can decide the 

fraction of the total order set he wants to be delivered in the first and second delivery. Besides the 

products that are shipped to the stores via a DC, some products are directly shipped from the supplier to 

the store or by using cross-dock; obviously these products are not transported in advance.  
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7. Promotion week. During the promotion week, customers are coming to the store to buy the 

promotion articles. In some cases, stores will have shortcomings. There is a possibility to reorder 

products; of course this possibility is limited due to the inventory levels at the different DC’s. A safety 

stock is held at each DC, but since perishable items have a short life cycle this buffer is limited. A first 

come first serve methodology is used to fulfill store demand at a DC. In case of additional orders by 

stores, a DC needs to order the products at the supplier. Because of a transportation planning, it is not 

always possible to deliver these products on time. Furthermore, it is not always possible for a supplier to 

fulfill DC demand, despite the possibility to deliver according to transportation schedule, simple because 

of unplanned activities.  

8. Week after promotional week. The best situation for promoted articles is to sell the last 

product on Saturday just before closing time; in general this is a utopia. After a promotion week, 

leftovers should be sold quickly due to their expiration date. Therefore, products with a low expiration 

date are commonly sold with additional discount. After the expiration date, products are wasted.  

2.1.2 Analysis promotion process 
This section will shortly discuss the flexibilities and limitations of above described promotion process for 

perishable items. Together with the questioned employees, these flexibilities and limitations are 

determined.   

Forecasting process 

During the initial forecasting, adjustments can continuously be made by every stakeholder of the 

promotion process.  The process stays flexible during the whole forecasting phase, even though an initial 

forecast is communicated with a supplier. When a final order set is communicated with a DC, the 

forecasts cannot be adapted anymore. Therefore, the forecasting process can be described as limited, 

since a final forecast has to be made at least 4-5 weeks prior to a promotional week. Based on the 

preset allocation rule, forecasts are translated to order sets on disaggregated level. Like the forecasts, 

these disaggregated orders are fixed.  

Allocation process 

As described in previous section, the allocation for perishable items takes place in the weekend prior to 

a promotion week, and a second shipment is planned on Tuesday or Wednesday. Allocation is arranged 

according to disaggregated order sets as being determined in the forecasting phase. Stores are being 

allocated based on these fixed order sets. No deviations are possible once an order set is made. This 

means that stores know exactly how many products they will receive in a promotional week, even 

though a particular promotion does not achieve expected turnover. This is a major limitation within the 

allocation phase. In contrary, some promotions are performing better than expected and additional 

orders can be placed by stores to fulfill unexpected demand. Reordering products from the DC is limited, 

since each DC only has a small buffer to fulfill additional demand.  

As conclusion, the current promotion process is flexible till an order set is communicated to a DC, and a 

final acquisition is placed at a supplier. Furthermore, hardly any flexibility is found within the allocation 

process. Orders are determined in advance. This demonstrates the importance of accurate forecasts.  
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2.1.3 Comparison promotion process for perishable and non-perishable items 
Since this research specifically focuses on perishable items, it is interesting to discuss the similarities and 

differences with the model as described by Van Dinter (2011). His research focused on the promotion 

process for non-perishable items within EMTÉ supermarkets. Both models will be compared on both 

phases in the promotion process as described in section 2.1.1; forecasting process, and allocation 

process.  

Forecasting process 

Despite the product type; non-perishable or perishable, hardly any difference is found between both 

forecasting processes. All forecasting activities are performed during the same time, and the same rules 

are applied to both kinds of products. In general, a promotional planning is published each year. 

Purchasers are starting negotiations with suppliers based on this information 12 weeks in advance. In 

both scenarios the purchasers come up with a first forecast. This will finally result in an order set. Van 

Dinter (2011) mentioned the possibility to apply forward buying for non-perishable items. This indicates 

that products are not only bought for a promotion week, but for a longer period since products can be 

bought with discount during the promotion acquisition period. This type of buying mechanism can only 

be applied on non-perishable items, since perishable items are constrained by their expiration date.  

Allocation process 

More differences are found between both models when comparing the allocation phase in the 

promotion process. Van Dinter (2011) mentioned that non-perishable items are shipped to the different 

DC’s 1-4 weeks in advance to reduce transportation costs. This early shipment of products can only be 

applied on non-perishable items, since these products are hardly constrained by their expiration date. 

For perishable items, it is important to sell the products as fresh as possible. This means that perishable 

products can only be shipped to a DC one week in advance or more extreme just the weekend prior to 

promotional week. Moreover, a significant amount of products are shipped to the stores by using cross 

docking, or direct deliveries to guarantee freshness.  

Another major difference between current promotion process and the promotion process as being 

described by van Dinter (2011) is the process after a promotion week. For non-perishable items a return 

policy exists; with this policy it is possible for stores to send their leftovers back to the DC. Van Dinter 

(2011) focused on this phenomenon, and concluded that by using a flexible allocation mechanism the 

costs for this return policy can significantly be decreased. For perishable products, no return policy exists 

since expiry problems will occur when returning these products. In contrast with non-perishable items, 

perishable items will be sold from the shelf for normal prices after a promotion week, or in case of high 

inventories promotions will be continued during a sequent week. Nevertheless, products that cannot be 

sold due to their expiration dates are wasted.  

To summarize, both models differ from each other. Where both forecasting processes are approximately 

the same, the allocation processes differ significantly. Moreover, shipments to a DC are organized 

differently, as well the shipments to the store. Furthermore, a major difference is found in the week 

following on a promotion week. A return policy only exists for non-perishable items. 
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2.2 Product scoping  
Section 1.4 already treated the literature available on perishables; more specifically the overview 

concluded that much information was available on forecasting techniques for non-perishables. Several 

reasons were discussed to focus on non-perishables, as well the reasons to focus on perishables. 

According to Heller (2002) the largest part of the total turnover is due to sales of perishables. On the 

other side, the majority of product losses can be accounted to perishables. These two reasons in 

combination with the complexity of perishables as discussed by Thron et. al (2007) offers significant 

opportunities for improvement of the perishable promotional process. Furthermore, by focusing on 

perishables the literature can be extended on promotional activities for perishables.  

Based on the above discussions, the decision was made to specifically focus on perishables. Van Dinter 

(2011) already discussed the complexity of current product hierarchy used by EMTÉ supermarkets. An 

overview of current product hierarchy can be found in Appendix B. After analyzing the different product 

groups available for this research, it is decided to take the following product groups as known within 

EMTÉ supermarkets into account.  

- Fresh dairy products (Dagverse Zuivel)  

- Bread and pastry, self-service (Brood, gebak zelfbediening) 

- Meat and Salads, prepackaged  (Vleeswaren en Salades VVP) 

- Meat and Salads, service (Vleeswaren en Salades, bediening)  

As can be seen, all product groups are categorized as perishable product groups; nevertheless the 

perishable assortment is more elaborated than these four product groups. The decision is made to 

specifically focus on these four groups since the other product groups like vegetables and fruit are 

manually ordered at each store. Consequently, no information is available on forecasts. Within the four 

selected product groups, this problem arises for the Bread and Pastry product group as well. Largest 

part of the Bread and Pastry products is manually ordered at each store. However, this product group is 

selected due to its highly perishable character; this product group contains products with lowest 

expiration dates.  

Based on these product groups, a new product hierarchy is created which can be found in Appendix B as 

well, this hierarchy shows the different sub product groups that are included within each product group. 

Three different product groups are created to get similar products in the same product group, and to 

leave current product hierarchy of EMTÉ supermarkets:  

- Fresh Dairy  

- Bread and Pastry 

- Meat and Salads 

2.3 Problem analysis  
Now an evident overview is produced of the current promotion process at EMTÉ supermarkets a 

problem analysis has been performed. First a cost analysis is performed to clarify the need of this 
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research as well the points of improvement. Furthermore, a qualitative analysis will point out the 

problems that are currently experienced by EMTÉ supermarkets.  

2.3.1 Costs within the promotion process of EMTÉ supermarkets.  
For the above mentioned perishable product groups, generally three different costs are being made 

during the promotion process; process, OOS and expiration date costs. Those three kinds of costs will be 

analyzed in this section. Moreover, the costs that could be prevented are clarified.  

Processing costs 

From the mapping phase can be learned that current promotion process is labor intensive. Many of the 

forecasting activities are executed more than once, and adjustments can continuously be made during 

the process. Dividing the processing costs can best be done according to the place costs are made; DC, 

headquarters, and stores. Currently stores are creating additional costs due to their adjustments on the 

order sets as being created by the headquarters. Moreover, 75 stores are discussing and adjusting these 

orders.  Based on several interviews can be concluded that every store spills around seven hours each 

week to discuss and adjust order set. Taking all 75 stores that are included in the dataset, results in 525 

hours that are spend on weekly base in the store. Taking an estimation of the labor costs of experienced 

personal of €17.50 per hour, this results in annual costs of €447,750.- for the 75 selected stores, for the 

100 stores together €597,000.- is spend on processing costs.  

OOS cost 

First step in calculating this type of cost is to calculate the actual amount of OOS. EMTÉ supermarkets is 

not tracking any information about OOS. Therefore, the decision is made to approach the amount of 

OOS during promotional weeks, based on the demand fraction over the week.  

 

Figure 2-2 overview demand week fraction during each day promotion vs. non promotion 

In figure 2-2 a clear difference is found between promotional sales and non-promotional sales, therefore 

for each product category an overview is made with the demand week fractions for both types of sales 

(see Appendix C). The OOS rate is calculated according to these demand fractions during the week. One 

important assumption has been made:  
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Assumption 1:  an individual product follows the same week demand fraction pattern as the product 

group the product belongs to.  

This assumption makes it possible to determine the fraction of OOS. This fraction is calculated by 

comparing the actual demand week fraction, with the average demand week fraction on product group 

level. OOS occur when the actual fraction is lower than the average fraction. Based on the demand week 

fraction as given in Appendix D, the OOS fraction is calculated. Since the operational manager of EMTÉ 

supermarkets indicated that OOS especially occurs during the weekend, only OOS fractions are 

calculated for Friday, Saturday, and Sunday. For each week, an average OOS is calculated with 

corresponding missed sales. In table 2-1, the results of these calculations can be seen.  

Table 2-1 overview of different OOS rates per product group 

 Zuivel   Brood   Vleeswaren  

 Friday Saturday Sunday Friday Saturday Sunday Friday Saturday Sunday 

OOS-rate in % 0.83 1.29 0.14 1.87 2.87 0.41 2.44 2.90 0.23 

Missed sales 228 1612 169 912 2323 309 976 1590 120 

Normal sales 19905 13046 333 18138 19091 652 9801 7539 207 

missed sales in % 1.14 12.36 50.75 5.03 12.17 47.42 9.96 21.09 57.82 

 

Summing all missed sales, results in an average of 8,239 products divided over three different product 

groups weekly. On average, 202,533 products are sold during a promotion week (Monday-Sunday); this 

means that 4.1% of the promotional sales is lost during the weekend due to OOS problems. For each 

product OOS, a penalty cost needs to be paid representing lost sales (profit margins) and customer 

dissatisfaction. This penalty cost has been set as the average gross margin of the default price, as being 

decided by the operational manager of EMTÉ supermarkets. Here the following assumptions are made;  

- Gross margins for promotional products are lower than for normal products 

- Customer dissatisfaction is lower than the gross margin for non-promo products 

Making calculations with the gross margin, results in an average weekly cost due to OOS of €2,801.-, or 

€145,665.- each year for these specific product groups, for the 75 selected stores. Calculating the yearly 

costs for the 100 stores together, a total of €194,220.- is lost due to OOS problems.  

Expiration date costs 

In EMTÉ’s database information can be found about products that are sold with additional discount and 

products that are wasted due to expiration date problems. In both kinds of actions costs are made, 

analyzing the dataset given by EMTÉ supermarkets results in an average cost for this type of action of 

€8,500.- on weekly base. Resulting in average yearly costs of €442,000.- for 75 stores. For the 100 stores 

together this will be around €589,333.-. Within this expiration date costs 70% can be accounted to the 

product groups Dairy products and Meat and Salads, while 30% can be accounted to the product 

category Bread and Pastry. This distribution of costs over the different product categories will be used 

when determining the costs discount due to the new forecasting model.  
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Table 2-2 cost overview Consequently, the following weekly costs are made in the 

promotion process. As can be seen in the above figure and 

table, the largest parts of costs made in the promotion 

process are processing costs and costs due to expiration 

dates. Surprisingly, the costs made due to OOS costs are 

quite low. But as discussed earlier, these costs are hard to 

quantify and the decision is made to keep these costs low. As a consequence, this research will focus on 

the processing costs and expiration date costs.  

2.3.2 Qualitative analysis  
From the literature we have learned that it is of high importance to have a well-structured and efficient 

promotion process in order to satisfy customers. From the interviews can be learned that EMTÉ 

supermarkets does not have such a promotion process, which is clarified with above discussion on costs. 

The main conclusion that can be drawn from the interviews is the same as we can find in the research by 

Van Dinter (2011): 

 

At this moment EMTÉ supermarkets is facing a promotion pressure around 21%, this clarifies the need 

for a sufficient and structured promotion process. From the interviews, three major root causes are 

appointed; allocation, forecasting, and store influences. Van Dinter (2011) noticed two of the above-

mentioned causes as root causes in his research; allocation model is inappropriate, and forecasting 

process is not optimal. Furthermore, he found out that EMTÉ supermarkets did not have a formal return 

policy. This problem is not applicable on the perishable items, since no return policy exists for perishable 

products. 

 

 
Figure 2-3 fishbone diagram, general problem and major root causes  

  

Type of costs Costs 

Processing costs  € 597,000  
OOS costs  € 194,220  
Expiration date costs  € 589,333  
Total costs  € 1,380,553  

The performance of the promotion process is not sufficient  
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1. Allocation 

Currently, the allocation mechanisms are quite easy. From earlier discussions we have learned that 

almost every store receives two fixed promotion deliveries, the first delivery is on Saturday prior to a 

promotion week is started. A second shipment is mostly delivered on Wednesday in a promotion week. 

This results in a non-flexible allocation mechanism.  Besides the fixed orders, some additional orders can 

be placed but when these orders exceed the safety stock held at a DC a problem will arise, a First Come 

First Serve (FCFS) methodology is used.  

2. Forecasting 

According to Cooper et. al (1999) most companies are making use of oversimplified forecasting 

techniques as ‘last like’ promotion; furthermore forecasts are based on employees’ experience. The 

findings by Cooper et. al (1999) are also applicable on EMTÉ’s current forecasting methods. At this 

moment, simplified methods are used to forecast promotional sales in advance; none of the forecasting 

methods used by EMTÉ supermarkets are based on mathematical formulas. At this moment each 

purchaser makes a first indication of a forecast, experience and former promotions are leading in this 

indication. Furthermore, the promotion mechanism is taken into account, but only personal experience 

plays a role here. Besides the non-mathematical approach by EMTÉ supermarkets, the forecasting cycle 

as it is currently used is time consuming. Too many people are involved in the forecasting cycle; 

purchasers, inventory managers at DC, store managers, and a demand forecaster. Another important 

problem is the final order set that should be delivered at least five weeks in advance, resulting in 

inflexibility.  

3. Store influences 

The mission of Sligro Food Group B.V. is to maximize turnover, since EMTÉ supermarkets is part of Sligro 

Food Group B.V. the mission and vision of EMTÉ supermarkets is the same. At this moment, store 

managers can influence the total supply chain in a way that does not contribute to EMTÉ’s mission. 

Stores have the possibility to adapt forecasts made by the headquarters for promotional items, most of 

the time these adjustments are inaccurate. Consequently, aggregated forecasts are not accurate; 

resulting in shipments to each store that could not fulfill customer demand. Furthermore, stores have 

the possibility to reorder products; as a result of this reordering, products are only available at specific 

stores while they are needed on all stores. After all, stores do not contribute to the mission of EMTÉ 

supermarkets in the following way; some stores are rebuilding their promotions for next week on 

Saturday in an ongoing promotion week because availability of the current promotion products is too 

low.  

2.4 Problem scoping 
Previous section discussed the three root causes of the problem EMTÉ supermarkets is currently facing. 

This section will choose one of the three root causes as research direction. Doing this will be done based 

on the primary problem: OOS of promotional products for customers. Linking all the root causes to this 

problem results in the overview as given in Figure 2-4. 



17 
 

 
Figure 2-4 graphical representation of the root causes vs. primary problem 

Taking the primary problem into account, several root causes can be appointed to the problem. Of 

which the allocation and forecasting techniques are the two leading root causes. From several 

interviews could be concluded that most problems occur due to the low forecast accuracy. After placing 

an order it is hard to adapt this order, therefore it is of high importance to create accurate forecasts. 

According to EMTÉ’s personnel, it is important to get accurate forecasts, since when high accuracy is 

achieved it is quite simple to get the right product at the right places. Furthermore the allocation 

mechanisms are of second importance in this context. Currently, all activities being executed within the 

organization of EMTÉ supermarkets are based on aggregated forecasts. 

The above section made clear that the forecasting problem is the most interesting problem to take as 

leading topic during the project.  

2.5 Research questions 
This section provides the research question that is been answered during this research. Based on the 

above discussion about the most important research direction, the decision is made to focus on 

forecasting techniques. The following research question is answered during the project. 

 

By giving answer on this question, the promotion process of supermarkets can be improved on 

forecasting accuracy, and on the other side the literature can be extended with information on 

forecasting techniques specifically for perishable promotional articles. As discussed in Peters (2011a), 

the literature is currently lacking information on this topic. Peters (2011b) identified three different 

steps for this research with corresponding sub questions.  

Step 1 Mapping 

One of the requirements by EMTÉ supermarkets was to investigate current promotion process, and to 

make an analysis on flexibilities and limitations as well a comparison between the model of Van Dinter 

(2011) and current forecasting process. This step was the first step of this master thesis project, during 

the mapping phase the following two questions are answered  

- Can the model by Van Dinter (2011) also be used for the perishable promotion process? 

- What are the flexibilities and limitations in the perishable supply chain of EMTÉ supermarkets? 

 

How can the current forecasting technique for perishable promotional articles be improved? 
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Step 2  Forecasting technique  

Based on the discussions in section 1.4 and 1.5 can be concluded that information on forecasting 

techniques for perishables is missing in the literature; the focus is mainly on non-perishables. One of the 

reasons for this focus is the complexity of handling perishables. Nevertheless, the majority of total 

turnover can be accounted to perishables. This indicates that forecasting techniques for perishables are 

still interesting to investigate. Furthermore, the principles used in forecasting non-perishables can be 

compared with the principles for perishables. From the discussions can be concluded that investigating 

forecasting models for perishables can extend the literature on different gaps; forecasting techniques, 

as well price discounts and display placement for perishables. 

Consequently, this step develops a perishable promotional forecasting model. The Lift Factor (LF) model 

as being used by Van Loo (2006) will be tested. The different independent variables that will be used to 

predict the dependent variable are determined during the research. The following independent 

variables are used anyhow; display placement and location quality as discussed by Curhan (1974) as well 

price discount to investigate a potential threshold and saturation point.  

- Which independent variables should be taken into account, to improve forecasting accuracy? 

- What aggregation level needs to be used in order to reach highest accuracy? 

Step 3  Improvement and enrichment  

This step will try to improve the forecasting model even further, and will simultaneously be executed 

with step 2. As been discussed, many adjustments are made on the forecasting model to achieve highest 

accuracy.  

2.6 Practical requirements 
Now that the nature of this research is determined, the practical requirements should be defined. In 

general the purpose of this research is to increase forecasts accuracy. When doing this, some practical 

requirements have to be taken into account;  

1. Simplicity: the final forecasting model should be simple to use, all employees within EMTÉ’s 

organization should understand the model. Besides easy to use, the output the model is giving 

should be understandable for everyone.  

2. Data availability: since the model will be based on data, this data should be available for 

everyone within the organization. Furthermore, employees should have access to the data 

quickly and easily.  

3. Operational limitations: a model should be conducted that has the possibility to be adapted 
by EMTÉ supermarkets. This means, that limitations have to be considered, as well the 
possibilities within the organization.   

Conclusion part 1 After mapping the promotion process, the major problems within the promotion 

process are clarified. Based on these problems, the decision is made to focus on the forecasting 

process for perishable items. Calculations are made in order to show the costs made within the 

process. Furthermore the model as been described in Van Dinter (2011) significantly differs on 

some important parts of the promotion process; for example the return policy for non-perishables. 
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Part 2: Research Design  

Part 1 introduced the problem within the 

organization of EMTÉ supermarkets furthermore 

corresponding literature is found and a research 

question is formulated. The second part of the 

report will introduce the methods that are used in 

order to perform this research. After determining 

the methods, a data collection and analysis will be 

performed. Finally a model will be developed, 

which will be used in giving answer on the 

research questions as stated in part 1.  

3 Method of Research 

This section will shortly discuss the method of research, as well the aggregation level that is used during 

the research.  

3.1 Lift Factor model 
In the literature many authors focused on the forecasting techniques as currently being used within 

organizations. Makridakis et. al (1988) categorized forecasting methods in three different forecasting 

families; judgmental, time series and explanatory models. According to Cooper et. al (1999) the most 

sophisticated promotional forecasting technique used within organizations is the ‘last like promotion’. 

This technique orders exactly the same amount of products that is ordered in a previous promotion. This 

kind of forecasting promotional demand belongs to the family of judgmental forecasting techniques. As 

follows from the analysis in part 1, EMTÉ supermarket is currently using this type of forecasting 

technique for their promotions. Based on findings in the literature can be concluded that a judgmental 

forecasting technique is not the appropriate way of forecasting promotional sales. Van Donselaar et. al 

(2004) disproved the usage of time series in promotional forecasting; according to their research 

marketing intelligence should be used. Since time series need a relative long period of time to predict 

sales, this forecasting method is not applicable for promotional forecasting. Leaving only one forecasting 

family as being introduced by Makridakis et. al (1988); explanatory models.  

Cooper et. al (1999) mentioned the possibility to use a Lift Factor (LF) as dependent variable, and 

forecast the LF by using regression. Van Loo (2006) did apply this knowledge into a LF model, in his 

master thesis project. Based on a requirement by EMTÉ supermarkets; ease of use, the LF model seems 

suitable to apply on EMTÉ’s problem. Using a LF as dependent variable, have several advantages. First of 

all, the relative sales increase is taken into account instead of the absolute sales; resulting in 

standardized values for all promotions. Besides the standardized values, seasonality is being used due to 

the baseline sales. To forecast the LF, single linear regression and multiple linear regression can both be 

used. Nevertheless single linear regression is of low importance here, since only one independent 
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variable can be included. Therefore, multiple linear regression is used during this research to forecast 

the LF.  

3.2 Aggregation level 
Making a decision on the forecasting model is not the only choice that should be made; another 

important choice is the aggregation level that will be used during the research.  Zotteri et. al (2007) 

argued that two aggregation levels can be used; a detailed forecasting method (disaggregated), and an 

aggregated forecasting method. Mostly, both forecasting methods are used in either one of the 

following two approaches. Top down approach, this method starts with a forecast on aggregated level 

and uses a distribution key in order to get a disaggregated forecast.  Another method is the bottom-up 

approach, in which disaggregated forecasts are made, and finally are summed in order to get an 

aggregated forecast.  

Currently, EMTÉ supermarkets is using a top down approach. First a forecast is made on aggregated 

level; according to a distribution key disaggregated forecasts are created. This distribution key is based 

on several criteria. First, previous promotions are taken into account. Each product belongs to one 

product category, when determining the fraction of the aggregated forecast that should be allocated to 

a specific store the past promotional sales in this product category are taken into account. Furthermore, 

the disaggregated forecast is based on the turnover in the normal sales within a product category. 

Another important criterion can be found in the promotional fraction on aggregated level. Consequently, 

stores that are highly sensitive for price promotions will receive higher orders than stores that are hardly 

sensitive for price promotions. Additionally, a difference is made between product groups. This 

differentiation is quite important since some product groups have higher promotional pressure in 

specific stores.  

Investigating the effectiveness of this distribution key is done by interviewing two different employees; 

according to their opinion, the allocation key works sufficiently. For EMTÉ supermarkets it is important 

to have an aggregated forecast, since all business processes that have a relationship with promotional 

activities are based on the aggregated forecast of promotional sales. After having a discussion with the 

Director Food Retail, the decision is made to first investigate the aggregated forecast, and use current 

allocation rule to establish disaggregated forecasts. One of the most important arguments is the 

following; EMTÉ’s systems are based on aggregated demand. Making forecasts on a disaggregated level 

will increase the system’s consumption.  

To summarize, this research investigated a LF model on aggregated level. Moreover, a LF model is an 

appropriate model for EMTÉ’s problem and multiple linear regression fulfills EMTÉ’s requirements on 

ease of use. Moreover all promotional are based on aggregated forecasts.  

4 Model development  

This chapter will deal with the development of the scientific model that will be used during the research. 

Moreover, the dependent variable and independent variables will be determined according to the 

interviews, and available literature. Furthermore, a quick analysis will be performed to check the 



21 
 

correlations between independent and dependent variables. Thereafter, the final model will be showed. 

The first part of this chapter will determine the dependent and independent variables, based on the 

available literature and EMTÉ’s personnel experience will be translated into independent variables.  

4.1 Dependent variable  
As discussed in previous chapter, the lift factor will be used as dependent variable in the multiple 

regression analysis which will be used during the research. More specifically, the LF can be calculated 

according to the following formula;  
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    Formula 1 

In formula 1, the LF is based on the promotional sales and baseline sales. Moreover, the promotional 

sales are the number of products sold of a specific Stock Keeping Unit (SKU) during a promotional week. 

The baseline sales are equivalent for the average weekly sales of the SKU. The average weekly sales is 

determined by taking the average of five non promotional weeks prior to the promotion week.  

4. 2 Literature and interviews 
From questioning EMTÉ’s personnel can be concluded that oversimplified forecasting methods are 

currently used. Moreover, experience is brought forward as main indicator for forecasts. Going into 

some more detail purchasers and forecasters acknowledge the use of some promotional information. 

For example, in order to determine the absolute promotional sales price discounts are used as indicator. 

More specifically, a promotion with high discount leads to higher forecasts. No difference is made 

between type of products, and the increase in forecasts due to discounts is mainly created by 

experience. 

Another commonly used indicator is the pervious look like promotion. Was it a successful promotion the 

last time; than it should be a successful promotion this time is a frequently used assumption. EMTÉ’s 

voucher is good indicator for expected promotional sales as well. Higher forecasts are made for products 

placed in the voucher, and even higher forecasts are made for products placed on the front page of the. 

Advertisement, like a promotion voucher, is also a broadly accepted indicator for future sales in the 

literature. For example, Sethuraman, & Tellis (2002) found a positive correlation in their research 

between advertisement and future sales. Much earlier, Curhan (1974) found a positive correlation 

between advertisement and future sales for perishable items. Moreover, for some product groups no 

significant correlation was found between advertisement and sales increase.  

Besides the interviews, much information about forecasting indicators can be found in the literature. 

Curhan (1974) stated that price discount does not play a major role in explaining increased sales. 

Moreover, increased inventory and location quality are explaining the increased sales (Curhan, 1974). 

Many scientists disagree on Curhan’s statements on price discounts. For example Cooper et. al (1999) 

and Blattberg et. al (1995) concluded in their research that price discount is of high importance when 

forecasting future sales. Both kind of research included a linear correlation between price discount and 

the dependent variable. Another report by Van Heerde et. al (2001) recognized the importance of price 

discount, even though they did not argue for a linear relation. Moreover, they came up with an analysis 
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that includes a threshold and saturation point for relative price discount. A threshold point is the 

minimum value of price discount required to change consumer’s purchase intention, while a saturation 

point is the point above which the effects of discounts on changes consumers’ purchase intention is 

minimal (Gupta et. al, 1992). More specifically, Van Heerde et. al (2001) argue that a significant sale 

increase can be observed when price discounts are at least 10% (threshold point). The effect of price 

discount is vanished when price discounts higher than 25-30% are applied.  

Concluding, much information is available in the literature and EMTÉ personnel use some good 

indicators. Nevertheless, all indicators are based on personal experience. Next section will translate all 

information into independent variables.  

4.3 Independent variables and scientific model 
After discussing the available literature and knowledge available by personnel, the different variables as 

being inserted in the regression models can be treated. First, the general model that is used during the 

forecasting phase is created. Thereafter all the different variables, and their type of measurement are 

addressed.  

According to the findings by Curhan (1974) location quality and inventory showed are two main 

indicators in order to forecast future promotions. In this research the following two definitions will be 

used for both variables.  

- Location quality: This variable indicates whether a product is placed upon a high traffic 

 location. Moreover, a products shelf can be placed on a high traffic 

 location or not. For those products with a low traffic shelf, a high location 

 quality can be created when a product is placed upon a display.  

- Inventory showed:  For EMTÉ supermarket it is only possible to increase the inventory showed 

 when a product is placed upon a display. When placing a product on a 

 display inventory is increased by 100% as indicated by Curhan (1974).  

For the remainder of this report, a product can be placed on a display. But when a product is not placed 

on a display, a high traffic location can also create increased sales as can be found in Curhan (1974). 

According to his research, displays are differently affecting product groups. For some products it is 

important to place these products on a display, while for other products hardly any increased sales are 

observed. Due to the low availability of displays these effects should be investigated for EMTÉ 

supermarkets. The results of this analysis can help the management by deciding about which products 

should be placed on a display.  

In figure 4-1 the scientific model that is developed during this research is shown. The model is created 

by extending the forecasting model as been developed by Van der Poel (2010). More specifically, his 

forecasting model is taken as basic model; the promotion variables with information on price discount, 

promo mechanisms, and advertisement is taken from the model by Van der Poel (2010). General used 

predictors of promotions are group variables and national holidays; these are frequently discussed in 

the literature and are added to the model. Furthermore the basic model is extended with information 

from the literature, and experience from EMTÉ’s personnel. Extensions on the basic model can be found 
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in the following categories; location characteristics, weather, and product characteristics. To 

reinvestigate the findings by Curhan (1974) location characteristics are added to the basic model; 

Location Quality and Display. Adding these variables will give the opportunity to investigate the effects 

of display placement specifically for perishables.  

 

Figure 4-1 overview forecasting model, LF of promotional sales as independent variable  

Furthermore, the basic model is extended with product characteristics. In order to focus the regression 

model on perishable items, some variables are inserted since these can specifically be appointed to 

perishables. First, weather is added to the model as independent variable. Therefore, information is 

gathered from the database of the KNMI (Dutch national weather institute) about the daily weather for 

each day presented in the dataset. A weekly average temperature is calculated and will be included in 

the regression model under Weather. Moreover, it could be interesting to include the amount of rain 

during a specific week in the model. In order to represent the rain, two different variables are inserted 

in the model; #MM rain and #Days of rain, indicating the amount of rain during a week (in Millimeter 

per week) and the number of rainy days during the week respectively.  

Another potential variable that can be quite important in determining future sales in promotion is the 

expiration date, indicating the number of days that a product can be used by a customer. This variable is 

inserted in the forecasting model as well. Furthermore, the variable stop aging has been analyzed during 
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the regression analyses. Stop aging is defined by Tsiros and Heilman (2005); as the possibility by 

customers to temporarily stop the aging process of a perishable product. In their article, a positive 

correlation was found between the possibility to stop the aging process, and (non promotional) sales. 

The available dataset is analyzed on product level, and for each product the decision is made whether or 

not the customer can influence the aging process. Another typically perishable characteristic is the fresh 

perception. In the available dataset, some products are sold from the shelf while other products are sold 

with additional service. For example, Meat and Salads [Service]; customers can ask for a specific amount 

of meat. Fresh baked bread is another category that has the fresh perception characteristic. In the 

regression model, the fresh perception is taken into account as well. For each product is analyzed 

whether or not it is prepared in the store; for example fresh baked bread.  

Table 4-1, will shortly explain each of the different variables as being included in the model. 

Furthermore, for each variable a measurement and scale is given. As can be seen, many of the variables 

are included as dummy variable which will be explained in section 5.3 after a data analysis is performed.  

Table 4-1 overview of the different variables as introduced in Figure 4-1 

Variable Description Measurement Scale 

Location characteristics 

Quality location Dummy indicating a high traffic location (1), or 

a low traffic location (0) 

(0,1) Nominal 

Display Dummy indicating a high inventory displayed 

(1), or a low inventory displayed (0) 

(0,1) Nominal 

Promotional variables 

Absolute price 

discount 

The absolute price discount in a promotion  Scale 

Relative price 

discount  

The relative price decrease in a promotion 

(see section 5.3) 

 Nominal

/Scale 

Default price The average non promo price of a product  Scale 

# items in subcategory The number of products in promotion in the 

same product category in the same 

promotional week.  

 Scale 

Promo mechanism The different mechanisms as being used by 

EMTÉ supermarkets for attracting their 

promotions. (see section 5.3) 

  

- SPO Single Price Offer, a price discount on a 

specific product, no quantum discount 

(0,1) Nominal  

- Buy 1, get one                        
free 

Same type of promotion as two for X, this 

promotion gives a second product for free 

(0,1) Nominal  

- Two for X Customer only receives a discount when two 

products 

(0,1) Nominal 

- Quantum                          
discount 

Customer only receives a discount when 

three, or more products are bought.  

(0,1) Nominal 
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Saving action Quite often, EMTÉ supermarkets is using 

saving actions. In this kind of promotions, 

customers can get savings on many products, 

when having enough points (spaarzegels) 

(0,1) Nominal 

Voucher Dummy indicating whether or not a product is 

placed in EMTÉ’s Folder during a promotion 

week 

(0,1) Nominal 

Frontpage Dummy indicating whether or not a product is 

placed on the first page of EMTÉ’s Folder 

during a promotion week 

(0,1) Nominal 

Lastpage  Dummy indicating whether or not a product is 

placed on the last page of EMTÉ’s Folder 

during a promotion week 

(0,1) Nominal 

Midpages Dummy indicating whether or not a product is 

placed on the last page of EMTÉ’s Folder 

during a promotion week 

(0,1) Nominal 

Product characteristics  

Expiration date  Variable indicating the average number of 

days of a product can be sold when arriving in 

the store due to an expiration date  

(1,365) days Scale 

Previous LF LF of a previous promotion of a specific 

product 

 Scale 

Baseline sales A five week baseline sale is conducted for 

each product 

 Scale 

Weight article A distinction is made between weight articles, 

and non-weight articles. Weight articles are 

these articles that are priced per kilogram.  

(0,1) Nominal 

Fresh perception Variable indicating whether or not there is any 

kind of selling service, which indicates 

freshness 

(0,1) Nominal 

Stop aging The possibility by customer to stop the aging 

process by consuming the product directly or 

freeze it.  

(0,1) Nominal 

Package type Dummy variable indicating the package type 

used for packaging a specific product 

 Nominal 

Product (sub) Group Products groups will be included in the 

regression model  (see section 5.3) 

(0,1) Nominal 

Weather 

Temperature Average temperature during promotional 

week will be taken in to account  

 

(-2, 31)C Scale 
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#MM of rain The amount of rain during a specific 

promotion week 

(0,732)mm Scale 

#days of rain The number of rainy days in a specific 

promotion week.  

(0,7)days Scale 

Other variables     

National holidays National holidays will be taken in to account in 

the regression model, for specific information 

(see section 5.3) 

(0,1) Nominal 

 

Relative price discount, national holidays and product groups are taken care of by using dummy 

variables, which will be clarified in section 5.3. 

In the final regression models; a full model will be created in which the product category Bread and 

Pastry is included. For this model, the above-mentioned dummy variables are included twice. All 

variables are included for the non bread categories and for the bread categories as well. This is done to 

prove the difference between the Bread and Pastry product category, and the non Bread and Pastry 

category since EMTÉ’s personnel indicated that Bread and Pastry reacts differently on price promotions. 

As a consequence of this different reaction this product category is hard to forecast. Moreover, products 

from the Bread and Pastry category contain different kind of products, for example; pastry, bread, and 

snacks, which makes this product category diverse. Besides the large number of different products, the 

substitution effect within this product group may be important. Customers’ willingness to substitute 

their preferred bread by a promoted article is high. Nevertheless EMTÉ’s personnel claimed that; in 

general customers are not planning to specifically visit a store for a promotion in the Bread and Pastry 

category, while for some other product groups they will (for example meat, or beer). The high 

willingness to substitute products from the product category bread, in combination with the low 

importance of the promotions results in difficult forecasts.  

To conclude, this chapter treated the scientific forecasting model as being developed. Based on the 

literature and interviews the different independent variables as being included in the regression model 

are determined.  

5 Data  

This chapter deals with the data gathering process and the data analyses. After the data gathering 

process, the data is analyzed on usability. After analyzing the data, different datasets are created. 

Section 5.3 will treat the transformations that are applied on the different variables. In the last two 

sections, a correlation analysis is performed and the different hypotheses are set.  

5.1 Data gathering 
In section 2.2 the decision to focus on perishable items is motivated. To summarize, currently hardly any 

research focused on forecasting perishables. Focusing on perishables gives the opportunity to extend 

the literature on perishable forecasting techniques, as well extending the literature on display 

placement and price discount for perishables. More specifically the following product groups are taken 
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into account during the research; Fresh Dairy, Meat and Salads, and Bread and Pastry. Consequently, 

3835 promotions are found in EMTÉ’s database by using sources of the Management Information 

Systems. When gathering the different data, all kind of information should be taken into account. More 

specifically, all variables as being introduced in previous section should be included in the data gathering 

process.  

The decision is made to gather data from week 2 2010, till week 36 2011. In this period many stores are 

opened or reopened, these stores are not taken into account when searching for data. Moreover 75 so 

called look like stores are taken into account. These stores were opened before week 2 2010.  

In first instance, sales data was gathered of all 75 stores and promotional activities were found. 

Furthermore additional information is found by combining several files as been presented by EMTÉ 

supermarkets. Peters (2011b) discussed the data that is available on display placement, and location 

quality to reinvestigate the findings by Curhan (1974). From this analysis could be concluded that the 

data available at in EMTÉ’s database could be used to reinvestigate Curhan’s findings.  

5.2 Data analysis  
This section will shortly discuss the analysis performed in order to create the different datasets. In order 

to create the several dataset, first the raw dataset was analyzed, followed by the creation of the 

different datasets.  

5.2.1 Dataset creation  
In previous section a dataset was created that contains information of 3806 promotions in earlier 

mentioned product groups, this section will focus on the creation of the final dataset. Moreover 

potential outliers will be detected and treated according to the principles found in Field (2005). Two 

different types of outliers can be detected; univariate and multivariate outliers. This section will only 

focus on the univariate outliers. During the regression analyses itself, multivariate outliers can be traced 

since this are values that significantly differ on multiple variables. A first analysis resulted in excluding 

633 cases because of two reasons. These products belong to the so-called In Out Products (I/O products), 

products that are only sold during promotional activities. These cases were deleted from the dataset, 

since a different forecasting tool should be used to forecast these kind of products. Next to I/O products, 

some cases were excluded from analysis since baseline sales are lower than 75 products per week. This 

indicates that these products are barely sold.  

Furthermore, cases with a missing LF should be excluded since these cases cannot be analyzed; 502 

cases are excluded. The LF is analyzed in twofold; first the previous LF of a promotion was analyzed. 

When a previous LF is missing, an analysis cannot be performed. Second, the LF of a promotion could 

not be calculated since data on baseline sales was missing. After going into more detail on the LF 

resulted in the exclusion of LF with a value lower than 1. According to Van Loo (2006), LF’s with values 

lower than 1 have the following problems:  

1. Product was not in promotion 

2. The supplier was not able to deliver the promotion products 

3. Not enough products were ordered by the inventory management 
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Therefore the decision is made to exclude these cases from the analysis as well. Resulting in a dataset in 

which 2440 cases are included. Analyzing the price discount results in excluding 26 more cases, these 

products have negative price discounts, or have a larger discount than 75%.  

Consequently, a dataset is created with 2414 cases included. Now this dataset is created, outliers should 

be traced. According to Field (2005) outliers can be defined as values that significantly differ from other 

cases. Therefore, Montgomery and Runger (2003) argued that cases with an absolute z-value bigger 

than 3.29 are extreme outliers. Analyzing current dataset results in excluding the following number of 

cases for each variable (table 5-1).  

         Table 5-1 Number of cases excluded for each variable 

In the old dataset, LF contained values ranging from 1 to 98. 

The new dataset only contains LF lower than 50. 

Furthermore, the dataset had some expiration dates longer 

than 10 months. All these values are excluded from the 

analysis in order to perform the multiple regression as 

good as possible. In appendix E, a detailed analysis on variable level is conducted on extreme outliers. A 

last check results in the exclusion of 11 other cases. Resulting in a final dataset with 2275 cases included. 

An overview of the extreme outliers is given in appendix F.  During the regression analyses, some 

multivariate outliers will be traced, and excluded from analysis. Furthermore, this data analysis reduced 

the total number of cases available. Since it is not known in advance which product will have an extreme 

LF, the extreme outliers on LF are included in the validation phase as well.  

5.2.2 Minimum sample size 
Before the actual datasets are created, the minimum number of cases that should be included in the 

analysis is considered. According to Field (2005), the difference between the R2-value and adjusted R2-

value is more important than a minimum number of cases. The difference between both values should 

not be too large. Furthermore, Green (1991) gives two rules of thumb. Testing the overall fit of the 

model should be done with a minimum of 50+8k cases, in which k is the number of individual predictors. 

Furthermore, testing individual predictors can best be done with a minimum of 104+k cases. Another 

rule can be found in Miles and Shevlin (2001); searching for high effects can be done with a minimum of 

80 cases, while for medium effects a sample size of 200 cases is sufficient. Depending on the regression 

results, around 20 different variables will be included in the model. Consequently, the dataset should 

contain around 210 cases to perform a good analysis.  

5.2.3 Different datasets 
Based on the findings by Van Dinter (2010) it is recommended to create several datasets since some 

product groups will react in different ways on specific variables. Moreover, from interviews can be 

concluded that the product category Bread and Pastry follows a significant different demand pattern 

than the other product groups; section 4.3 already discussed the decision to separately analyze the 

Bread and Pastry category. Therefore six different datasets are created on which a regression analysis 

has been performed. Moreover, the first dataset contains all available cases; the second dataset 

contains all available data except the cases belonging to the Bread and Pastry category. Furthermore, for 

Variable Number of cases 

Lift factor 44 
Previous Lift factor 23 
Expiration date 29 
Baseline sales 32 
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all different product categories a separate dataset is created, in order to analyze the product groups 

separately.  

In table 5-2 an overview is given of the different datasets, the number of cases included, as well the 

number of cases included in the calibration period and the validation phase. The calibration phase is 

based on all promotions that are held before week 12 in year 2011. The remaining cases are used for the 

validation phase; as a consequence around 25% of the dataset is used to validate the models.  

From the table can be concluded that all different datasets fulfill the requirements as been given in 

section 5.2.2. To conclude, this section gathered all the necessary data, and analyzed the available data 

on outliers and created six different datasets.  

Table 5-2 Overview of different datasets, the number of cases in calibration period and validation period.  

Dataset Product categories Number of cases Calibration Validation 

Dataset 1 All  2275 1653 622 
Dataset 2 All, Bread excluded  1735 1289 446 
Dataset 3 Bread and Pastry 540 364 176 
Dataset 4 Dairy products 929 683 246 
Dataset 5 Meat and Salads  806 606 200 

5.3 Transformations and dummy coding 
This section will deal with the transformation necessary to meet the assumptions, and will shortly 

discuss the dummy coding that is applied on the different variables in order to use the variables in the 

regression models.  

5.3.1 Transformations 
Field (2005) discussed transformations of independent and dependent variables in a dataset, according 

to his findings variables should be transformed when the normality assumption is not met. Moreover, all 

data need to meet the requirements for parametric data as will be discussed in section 7.1. In this 

section, only the assumption of normally distributed data will be examined since this is of importance 

for the necessary transformations of the variables. According to Field (2005), normality tests need to be 

performed to test normality of the data. Tests like a Kolmogorov-Smirnov and Shapiro-Wilk are the best 

known tests.  

However, when dealing with large datasets these tests do not work appropriately since small deviations 

are significantly different from a normal distribution. Field (2005) recommends plotting the data of large 

samples. This method gives the best overview on whether or not the data is normally distributed. In 

appendix G, all plotted variables are shown as well the transformations of each variable. In table 5-3 an 

overview is given of the different transformations for each variable. Based on the data plots, 

transformations are applied as being indicated by Field (2005); according to his findings variables that 

are negatively or positively skewed should be transformed by using a Log10-transformation. Another 

frequently used transformation is the lognormal transformation (LN); this transformation is applied to 

fulfill normality requirements. In current dataset, this transformation is also been used to meet the 

normality requirement for the independent variable (see table 5-3) 
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Table 5-3 overview transformations 

Old variable Transformation 

Lift factor Lognormal transformation (LN) 
Previous liftfactors Lognormal transformation (LN) 
Baseline sales Lognormal transformation (LN) 
Absolute price discount Log10 transformation 
Expiration date  Lognormal transformation (LN) 
Default price Log10 transformation 

5.3.2 Dummy coding 
Dummy coding can be used to create variables that belong to a specific category, for example a promo 

mechanism. In order to use dummy coding, a baseline group should be chosen to perform an accurate 

analysis. This section will treat the different variables on which dummy coding is applied. First, price 

discount is coded with dummy variables; this is done to get the opportunity to search for a threshold 

and saturation point. Several dummy groups are created 0-10%, 10-20%, 20-30%, 30-40%, 40-50%, and 

50-60%. The relative price discount can be divided over the different dummy groups. As baseline group 

the discount group 0-10% is chosen.  

Another variable that is coded with dummy variables is the promo mechanism. Many different promo 

mechanisms are available, for instance a single price offer (SPO), buy one get one for free, and other 

quantum discounts. For this variable, the SPO is taken as baseline.  

To take care of national holidays, also dummy coding is used in the regression model. The following 

national holidays are used; spring break, Easter, summer holiday, and Christmas. For Easter and 

Christmas the week prior to the day on which Christmas or Easter falls is taken into account when Easter 

or Christmas falls on Monday, Tuesday, or Wednesday.  

Product subgroups are also taken into account in the regression model, and coded with dummy 

variables. In Appendix B, a new product hierarchy is developed which will be used in determining the 

different product groups for the regression. Depending on the different datasets, different product 

groups will be used as baseline group.  

5.4 Correlation analysis and hypotheses   
This section will quickly analyze the effects of the different variables as introduced in previous sections. 

During the analysis hypotheses will be formulated based on the results from this analysis and the 

available literature. First a general analysis of the variables will be performed, followed by an analysis on 

product group level.  

5.4.1 Analysis total dataset 
Analyzing is done according to the following steps; four different groups are made from the available 

cases. For each different variable, four quartiles are created; 0-25%, 25-50%, 50-75%, and 75-100%. Each 

group contains 25% of the cases. Doing this, results in equally divided groups which makes it possible to 

compare the different groups on their variables. The first analysis is done based on the total available 

dataset. Next section will focus on the different product groups as well. The results of the analysis on 

the total dataset can be seen in figure 5-1.  
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Figure 5-1 overview of the different variables affecting the dependent variable  

As can be seen, Baseline sales, Relative price discount and Absolute price discount are affecting the LF 

the most. Moreover, Baseline sales negatively affect the LF. This indicates that the relative increase in 

sales during promotions is lower for products with high baseline sales, so-called slow movers are 

reacting more heavily on price discounts. The other two variables, Relative and Absolute price discount 

both have the same kind of effect. The threshold point as indicated earlier in the report is visible for 

Relative price discount; this will be discussed in more detail later on. In table 5-4 an overview of the 

median and average values for the three most important variables is given.  

Table 5-4 overview of median and average value 

  0-25% 25-50% 50-75% 75-100% 

Relative price discount 

in % 

Median 16  25  33  48  

Average 15  26  33  47  

Absolute price 

discount in € 

Median 0.20 0.40 0.55 0.89 

Average 0.19 0.38 0.56 0.90 

Baseline sales in 

number of sales 

Median 276 656 1291 3456 

Average 270 663 1389 3734 

 

Next, the way location quality and display placement are affecting the LF is investigated. From this 

analysis can be concluded that both, display placement and location quality are positively affecting the 

LF. More specifically an increase in the LF is found around 40%. Both variables are checked on 

correlation effects between the two variables, since both indicators have the same effect on the LF.  

Checking for any correlation between both factors does not lead to the conclusion that both factors are 

highly correlated, consequently both factors are inserted in the regression models. 

5.4.2 Detailed analysis 
An analysis on product group level will be performed, extended with findings from the literature. Based 

on this information, hypotheses will be formulated for each different variable. An overview of the 

different relations between each variable and the different product groups can be found in Appendix H. 
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Baseline sales 

From the above analysis could be concluded that products with high baseline sales have a lower LF than 

products with low baseline sales. From focusing on the different product groups can be concluded that 

for each product group; Dairy, Meat and Salads, and Bread and Pastry a highly negative effect is found 

for baseline sales on the LF. This indicates that for all product groups the same hypothesis can be 

formulated.  

Hypothesis 1 For all product groups, products with low baseline sales, so-called slow movers will react 

more heavily on price promotions than product with high baseline sales, so-called fast 

movers.  

Cooper et. al (1999) mentioned that slow movers were less affected by promotions than fast movers 

were. This statement may be due to the fact that Cooper et. al (1999) investigated the absolute sales 

increase instead of the relative price increase.  

Price information 

Several indicators for promotions are appointed as price information, more specifically relative price 

discount, absolute price discount and default price are taken into account as potential variables. From 

the above analysis could be concluded that price discount positively influences the LF. Products from the 

Dairy product group follow this pattern, a positive correlation is found between relative price discount 

and the LF, the same effect is found for the absolute price discount. From analyzing the Meat and Salads 

can be concluded that this product group is also positively affected by price discount. The only product 

group for which the effect of price discount was not as clear as for the other product groups was Bread 

and Pastry. For this product group only high price discounts seem to positively influence the LF, other 

price discounts are hardly affecting the LF. In the literature evidence is found for price discount as 

indicator for promotional sales. Moreover, a.o. Cooper et. al (1999) and Chen, Monroe, and Lou (1998) 

supported the use of price discounts to change consumers’ purchase intentions. Besides the commonly 

accepted positive relation between price discount and promotional sales, Van Heerde et. al (2001) 

mentioned a positive non linear effect between price discount and promotional sales. More specifically 

in their research, evidence is found for the existence of a threshold and saturation point, as discussed in 

section 1.4. Chen et. al (1998) mention the difference between absolute and relative price discount, 

according to their findings high priced articles should be promoted with absolute price discount while 

lower price articles should be promoted with relative price discount to influence the consumers’ 

purchase intentions the most. Based on this discussion, the following hypotheses are formulated:  

Hypothesis 2 For all product groups, products with a high absolute price discount will have a higher LF 

than products with a low absolute price discount 

Hypothesis 3 For all product groups, relative price discount will positively affect the LF  

Hypothesis 4 For all product groups, a threshold point will exist; price discounts below this threshold 

point will not influence the consumers’ purchase intention 

Hypothesis 5 For all product groups, a saturation point will exist; price discounts higher than this 

saturation point will not influence the consumers’ purchase intention 
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Hypothesis 6 Inserting the relative price discount as a nominal variable (dummy coding) will result in 

higher performance of the regression models due to the threshold and saturation point, 

compared with the performance of a model with relative price discount as a scale 

variable.  

Hypothesis 7 For all product groups, a positive effect will be found between the default price and the 

LF 

With these four different hypotheses, the available price information will be investigated. The potential 

threshold and saturation point will support the findings by Van Heerde et. al (2001) and will give insights 

on these effects for perishables.  

Products in promotion in subcategory  

From analyzing the number of promotions in a subcategory can be concluded that this variable 

negatively affects the LF. By making use of common sense this finding can be explained; when more 

products in the same product category are in promotion, customers can choose among a large scale of 

products. This in comparison with only a few items in promotions, customers should choose one of the 

few items, consequently the sales are higher. Van der Poel (2010) found a negative correlation between 

the number of promotions in a specific week and the LF. Moreover, he took into account the total 

number of promotions during a promotion week, regardless the product category. Based on this finding, 

current research focused on the number of promotions in a sub category. This is done since different 

product groups were taken into account, and substitution will generally take place within the same 

product categories. The following hypothesis is formulated:  

Hypothesis 8 For all product groups, the number of promotions in a subcategory will negatively 

influence the LF.  

Since no substitution between the different product groups will take place, the focus is on the number 

of promotions in subcategory, rather than the total number of promotions during a promotion week.  

Advertisement  

Much literature focused on the effects of advertisement, in which advertisement can be divided as in 

store advertisement and other advertisement like using a news paper or a promotion voucher. Cooper 

et. al (1999) and Sethuraman et. al (2002) stated that using a promotion voucher positively affects the 

promotional sales. From the analysis on product group level could be concluded that all product groups 

positively react on voucher placement. Resulting in the following hypothesis; 

Hypothesis 9 For all product groups, the LF for products which are displayed in the voucher are higher 

than for those products which are not showed in the voucher  

Another kind of advertisement is extensively discussed by Curhan (1974). According to his research, 

product groups differently react on display placement and location quality. Comparing this result with 

current analysis on product group level support is found for Curhan’s (1974) statements. Dairy products 

positively react on display placement, while products from the Meat and Salads product group a 

negative effect is found. The following hypotheses are formulated; 
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Hypothesis 10 The LF of products from the Dairy product group is positively affected by display 

placement  

Hypothesis 11 The LF of products from the product group Meat and Salads is negatively affected by 

display placement 

The difference between hypothesis 9 and 10 gives support for the findings by Curhan (1974), this article 

already found evidence for different reaction on display placement.  

Expiration dates 

This research specifically focuses on perishables; one of the major differences between perishables and 

non-perishables is the low expiration date of perishables. Therefore, the consequences of expiration 

dates should be investigated. According to Tsiros et. al (2005) expiration dates positively affect the 

willingness to pay by customers. Indicating that products with lower expiration dates will have lower 

sales than products with higher expiration dates. Analyzing the different product groups results in some 

interesting findings; products from the Dairy product group are hardly affected by their expiration date, 

it seems to be a negative effect, even though the highest expiration dates have the highest LF. For Meat 

and Salads a positive effect is found, while for Bread and Pastry no effect is found for expiration date. 

Resulting in the following hypotheses; 

Hypothesis 12 The LF of Dairy products is negatively affected by the expiration date 

Hypothesis 13 The LF of Meat and Salads is positively affected by the expiration date 

Tsiros et. al (2005) furthermore came up with a stop aging possibility which is already discussed. 

According to their research, sales are positively affected when customers have the possibility to stop the 

aging process. Resulting in the following hypothesis;  

Hypothesis 14 For all product groups, the LF is positively affected by the possibility to stop the aging 

process 

To conclude, this section formulated the different hypotheses that are tested during the research by 

using a quantitative analysis on product group level. Furthermore, the hypotheses are supported by 

using the literature.  

6 Measurement tools  

Before continuing with the model’s results, it is important to determine the way in which the 

performance of the model and current practice are measured. Therefore, this section will shortly 

introduce the measurement tools that are used in order to assess the model’s results. As in most 

regression analysis, the performance is based on the R2-value and the MAPE (Mean absolute percentage 

error) value. First, the R2-value will be gathered from the regression analysis.  

R2=
SSModel

SSRegression
     Formula 2 
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adjusted R2=1-
�1-R2��nr.of cases-1�

nr.of cases- nr.of predictors-1
           Formula 3 

This performance measurement can only be used during the calibration period, in the validation period 

a new performance measure will be used, the MAPE-value. This measurement tool indicates the 

performance in the validation, and is based on the actual LF and forecasted LF. 

MAPE=
1

n
∑ �actual LF-forecasted LF�

actual LF
n
1 ·100%           Formula 4 

This performance indicator will be used to assess the performance of the regression model during the 

validation period. This MAPE value will also be calculated for EMTÉ’s forecasts, and finally will be 

compared. The MAPE value gives information about the error in the regression model; the forecast 

accuracy can be calculated according to formula 5.  

Forecast accuracy= 1-MAPE     Formula 5 

Another interesting performance indicator is the Average Absolute Bias (AAB). Currently, the MAPE-

value does not differentiate between slow movers and fast movers. To differentiate between both the 

AAB-value does only take the absolute difference between forecasted sales and actual sales.  

AAB=
1

n
∑ |Actual sales % Forecasted sales|n

1                                  Formula 6 

 

 

 

 

  

Conclusion part 2 This part created a forecasting model that should be tested during regression 

analyses. Moreover, literature and interviews are combined to create a scientific model. Based on 

the potential variables, data is gathered from EMTÉ’s dataset. After gathering the data, the data is 

analyzed, and different datasets are created. Moreover, for each product group a dataset is 

created, as well two models with respectively all product groups, and all product groups except 

Bread and Pastry. Finally a correlation analysis is performed, resulting in the different hypotheses.     
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Part 3: Model results & Adaption 

In part 1, the problem EMTÉ supermarkets is 

currently facing is introduced. Based on this 

problem, several research directions were 

appointed; the decision is made to solely focus 

on the forecasting technique. The potential 

independent variables based on literature and 

interviews are discussed, resulting in a scientific 

model. This part focuses on the regression 

analyses performed to develop an accurate 

forecasting model. Based on the regression 

results, conclusions are drawn and performances are compared.  

7 Results regression analyses  

This section discusses the results from the different regression analyses which are performed. Based on 

the regression results, the performance indicators for the forecasting models are determined and 

compared with current practice. From comparing the performance of the different models, the best 

model is chosen.  

7.1 Assumptions multiple regression  
Before running the regression analyses, the assumptions as been given by Field (2005) are verified. The 

most important assumptions are;  

1. Normality of dependent variable 

2. Normality of error distribution  

3. Multicollinearity  

4. Homoscedasticity  

5. Independent errors 

6. Linearity  

In appendix I, an overview of the verification of the assumptions can be found. The assumptions are only 

verified for dataset 1, which contains the data of all product groups. When the assumptions are met for 

this dataset, the assumptions are met for all other datasets as well since all datasets contain data from 

dataset 1. Based on the verification can be concluded that all assumptions are met.  

7.2 Regression analysis  
According to Field (2005) different types of regression analyses can be performed. Moreover; a forced 

entry can be applied or a stepwise method can be chosen. Forced entries can be used when it is known 

on forehand which variables should be included in the regression model. Since current research has a 

broad scale of independent variables, it is not exactly known which variables should be included in the 

regression models and which should not. Therefore, a stepwise regression method is recommended, 
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since this type of method decides each step which variable should be added or deleted from the 

regression model. Finally, the decision is made to use stepwise regression as analysis method.  

Consequently, later on in this report only significant variables will be presented. These variables are 

inserted in the regression model by using SPSS.  

7.3 Results regression models 
This paragraph discusses the performance of the different regression models, followed by an individual 

variable analysis, on which the different hypotheses are tested.  

7.3.1 Performance of regression models 
As can be seen in table 7-1 the adjusted R2-values are ranging between .665 and .843. The first 

regression model is based on dataset 1; containing all different product groups available. The second 

regression model is based on dataset 2, and so on. Important is the difference between regression 

model 1, and regression model 2. Since these two datasets contain most product groups. The second 

regression model specifically focuses on all product groups except the product category Bread and 

Pastry. Excluding the Bread and Pastry category is done since EMTÉ personnel indicated that this 

product category differently reacts on price promotions. The difference between both models is quite 

low in the calibration period; an R2-value of .770 and .796 is achieved for the first and second regression 

model respectively. Analyzing the MAPE values for both regression models results in the following 

values; 27.95% for regression model 1, and 26.46% for regression model 2. From this comparison 

follows; that the performance of the second regression model is higher than the performance of the first 

regression model. Noteworthy is the high adjusted R2-value for the Dairy product group, and the 

corresponding MAPE. 

Table 7-1 Model summary, calibration period 

  Regression 

model  1 

Regression 

model 2 

Regression 

model 3 

Regression 

model 4 

Regression 

model 5 

Dataset  1 2 3 4 5 
Product categories All All excl. Bread Bread & Pastry Dairy Meat & Salads 
#Mahalanobis 40 35 5 18 3 
Average VIF 2.002 1.632 1.231 1.442 1.723 
Number of predictors 26 21 8 19 16 
Number of cases 1653 1289 364 683 606 
Durbin-Watson 2.053 1.898 1.962 1.934 1.995 
R2-adjusted .770 .796 .665 .843 .731 
MAPE  27.95% 26.47% 29.79% 23.99% 27.60% 
AAD  1628 1255 2668 1411 1076 
 

As can be seen in the above table, #Mahalanobis distance is included; this value indicates the 

multivariate outliers. In section 5.2, the univariate outliers are detected. Multivariate outliers are cases 

that have an unusual combination of values for different variables, and therefore should be deleted in 

some cases. Moreover, the Mahalanobis distance is used to decide which cases are potential 

multivariate outliers; the next step is to compare the values for the different variables with the mean 

and standard deviations of each variable. Based on this analysis, some cases are appointed as 
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multivariate outliers and therefore deleted from analysis. The number of predictors in the different 

regression models vary between 8 (regression model 3) and 26 (regression model 1).  Note that during 

the dataset analysis in section 5.2.1, a number of univariate outliers already have been excluded from 

the dataset.  

7.3.2 Individual variable analysis   
Table 7-2 shows the different predictors in each regression model. Moreover, the unstandardized 

coefficients as well the standardized coefficients (beta) are given. Based on these values, an analysis is 

performed on variable level. 

Before continuing with the analysis of significant variables, some comments should be made on table 7-

2. Since all variables are separately inserted for the Bread and Pastry category this can be reason for 

confusion. For each variable with [Bread] in the variable name, the coefficient is only applicable for the 

product category Bread and Pastry. All variables without [Bread] in the variable name are applicable for 

the non Bread and Pastry product groups. For example, in regression model 1 two Vouchers can be 

found; Voucher and Voucher [Bread] with coefficients .500 and .613 respectively. Indicating that for a 

product placed in the voucher .500 is added to the dependent variable, while for a product from Bread 

and Pastry .613 is added to the dependent variable. Furthermore only significant variables are shown in 

table 7-2, this due to the effect of the stepwise regression.  

Baseline sales 

A highly significant variable is the baseline sales of a specific product; the baseline sales are negatively 

affecting the LF. It may be confusing to insert the baseline sales into the regression models, since the 

dependent variable equals the promotional sales divided by the baseline sales. This indicates that it is 

quite obvious that the baseline sales are affecting the LF. Before actually inserting the baseline sales into 

the regression model, a transformation was applied. Secondly, the effect of the baseline sales was 

investigated by running two regression analyses; one without the baseline sales inserted, and one with 

baseline sales inserted. Based on the results could be concluded that the baseline sales can be inserted 

in the regression model; only a small difference was found between the performances of both 

regression models. For all different regression models, the LN(Base) turned out to be significant, and is 

negatively affecting the LF. This indicates that products with high baseline sales have a lower LF than 

products with a low baseline sale. Due to these findings, hypothesis 1 should be accepted since this 

hypothesis stated that products with low baseline sales would react more heavily on price promotions. 

As already discussed in section 5.4, the reason for this effect can be found in the difference between 

relative and absolute sales increase. According to Cooper et. al (1999) fast movers would react more 

heavily on price promotions than slow movers. Nevertheless, in their research the absolute number of 

promotional sales was investigated. In this research the relative increase was investigated, indicating 

that the statements by Cooper et. al (1999) cannot be compared with current findings.  

On the next page, table 7-2 is shown which displays the different independent variables.  
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Table 7-2 overview significant variables with their coefficients for the different regression models 

h
yp

o
th

es
is

 Regression 

model 1 

Regression 

model 2 

Regression 

model 3 

Regression 

model 4 

Regression 

model 5 

All All wo Bread Bread Dairy Meat and Salads 

B Beta B Beta B Beta B Beta B Beta 

(Constant)  1.569   1.464   1.772   2.257   1.064   

LN(PLF)  .555 .553* .567 .563* .507 .526* .515 .506* .579 .557* 

LN(BASE) 1 -.145 -.188* -.139 -.166* -.159 -.263* -.143 -.148* -.148 -.212* 

10-20% 3-4-5-6 n.e. n.e n.e. n.e n.e. n.e -.078 -.039* n.e. n.e 

20-30% 3-4-5-6 n.e. n.e .059 .038** n.e. n.e n.e. n.e n.e. n.e 

30-40%  3-4-5-6 .128 .073* .170 .104* n.e. n.e .095 .051* .132 .093* 

40-50% 3-4-5-6 .299 .137* .326 .163* n.e. n.e .309 .129* .267 .165* 

50-60% 3-4-5-6 .617 .174* .662 .201* n.e. n.e .609 .201* .593 .203* 

10-20% [Bread] 3-4-5-6 -.118 -.039* n.e. n.e -.169 -.118* n.e. n.e n.e. n.e 

40-50% [Bread] 3-4-5-6 .243 .056* n.e. n.e .271 .141* n.e. n.e n.e. n.e 

Log10(DEFAULT) 7 -.246 -.058* -.403 -.08* n.e. n.e -.603 -.119* n.e. n.e 

#items in subcategory  8 -.023 -.226* -.022 -.169* n.e. n.e -.017 -.095* -.032 -.316* 

#items in subcategory 
[Bread] 

8 -.030 -.154* n.e. n.e -.037 -.204* n.e. n.e n.e. n.e 

Voucher 9 .500 .319* .488 .198* n.e. n.e .569 .167* .397 .203* 

Voucher [Bread] 9 .613 .342* n.e. n.e .547 .261* n.e. n.e n.e. n.e 

Frontpage 9 n.e. n.e n.e. n.e n.e. n.e .262 .050** n.e. n.e 

Display [Dairy, non drink] 10 .219 .134* .228 .147* n.e. n.e .172 .109* n.e. n.e 

Display  
[Meat and Salads, service] 

11 -.141 -.042* -.144 -.048* n.e. n.e n.e. n.e -.116 -.058** 

Display [Meat and Salads, 
prepackaged] 

11 n.e. n.e n.e. n.e n.e. n.e n.e. n.e .142 .102* 

LN(Expiration Date) 12-13 n.e. n.e n.e. n.e n.e. n.e -.272 -.079* .151 .100* 

#days of Rain  -.014 -.036* -.019 -.05* n.e. n.e -.024 -.060** -.019 -.055* 

Buy 1, get one Free  
[Meat and Salads] 

 -.280 -.076* -.282 -.085* n.e. n.e n.e. n.e -.196 -.091* 

2 for [Meat and Salads]  .141 .055* .114 .049* n.e. n.e n.e. n.e .186 .116* 

Saving Action [Dairy]  .142 .036* .176 .050* n.e. n.e .238 .090* n.e. n.e 

Meat and Salads [Service]  -.305 -.148* -.242 -.128* n.e. n.e n.e. n.e n.e. n.e 

Snack  .193 .049* n.e. n.e .157 .088* n.e. n.e n.e. n.e 

Salads Prepackaged  -.079 -.042** n.e. n.e n.e. n.e n.e. n.e n.e. n.e 

P4  -.218 -.062* -.181 -.057* n.e. n.e -.207 -.084* n.e. n.e 

PK  -.091 -.054* -.068 -.043* n.e. n.e -.199 -.131* n.e. n.e 

Summer [Dairy]  .140 .041* .151 .050* n.e. n.e .137 .056* n.e. n.e 

Easter [Meat and Salads]  .572 .099* .571 .112* n.e. n.e n.e. n.e .692 .216* 

Spring Break  n.e. n.e n.e. n.e n.e. n.e .161 .041** n.e. n.e 

Weight Article  n.e. n.e n.e. n.e n.e. n.e n.e. n.e -.131 -.076* 

*      = significant at 0.01 significance level                 
**    = significant at 0.05 significance level                 
n.e.  = no significant effect for variable                   
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Previous Lift Factor 

One of the most important independent variables based on its Beta coefficients is the LF of a former 

promotion, LN(PLF). This indicates that the LF of a former promotion of the same product is 

representative for an upcoming promotion. For all regression models, a highly positive effect is found 

for this variable. This result is in line with the opinion of EMTÉ’s personnel; they stated that the sales in a 

product’s previous promotion are representative for promotional sales of current price promotion. This 

means that highly sales in a previous promotion will probably result in highly sales in a current price 

promotion. Based on the dataset it should be concluded that it is possible for a promotion to have a low 

LF while a former LF was high. Highly sales during a former promotion do not guarantee high 

promotional sales again. In general, the LN(PLF) is a good approximation for the LF of current promotion. 

Price information 

Hypothesis 2-7 are based on price information of a promotion, more specifically the different variables 

focus on promotional price, default price and difference between both. Section 4.3 discussed the 

different variables that would be inserted in the regression models. From this discussion could be 

concluded that absolute price discount, relative price discount, and the default price are mentioned as 

potential predictors. From the results of the different regression analyses should be concluded that the 

default price and the absolute price discount cannot simultaneously be inserted in the regression model, 

since high correlations between both variables are found. Analyzing the VIF factors for the regression 

models in which both variables are inserted, results in the need for caution; VIF factors of 5 and 6 are 

found for both variables. Analyzing the correlation matrix, results in the conclusion that it is not possible 

to insert both variables together in the regression model. In order to determine which variable should 

be deleted highest performance will be leading for this choice. Performing two different regression 

analyses without respectively the default price and the absolute price discount did not lead to different 

performances of both models. Based on this analysis no preference for a variable can be found. Van Loo 

(2006) and Van der Poel (2010) both found high correlations between absolute and relative price 

discount. The regressions models created above do not have this problem, since relative price discount 

is inserted in the regression models with dummy variables. Nevertheless, hypothesis 6 stated that 

inserting the relative price discount as a nominal variable will result in higher performance than 

inserting the relative price discount as a scale variable. To investigate this hypothesis, the relative price 

discount should be inserted as a scale variable as well. Consequently, the same correlations problems 

will arise as being indicated by Van Loo (2006) and Van der Poel (2010). Therefore, the decision is made 

to exclude absolute price discount from the analysis, as a result hypothesis 6 can be tested.  

As a consequence of excluding the absolute price discount from the analysis, hypothesis 2 could not be 

tested since this hypothesis stated that products with higher absolute price discounts would have a 

higher LF than products with a low absolute price discount. Hypothesis 3 stated that the relative price 

discount would positively affect the LF. Based on the above showed results should be concluded that 

this hypothesis is accepted. This finding is in line with the results of different researches as can be found 

in the literature. For example, Cooper et. al (1999) and Chen et. al (1998) both support the use of price 

discount in order to forecasts promotional sales. More specifically, Chen et. al (1998) argued that low 

priced articles should be promoted with attractive relative price discounts instead of absolute price 
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discounts, since this better influences customers’ perception of promotions. The effect of relative price 

discount on the Bread and Pastry category is not as clear as it is for the other product categories, but 

there is a positive effect on the LF. Consequently, hypothesis 3 should be accepted.  

Hypothesis 4, and hypothesis 5 both focused on the findings about a threshold and saturation point by 

Van Heerde et. al (2001). The results from the different regression analyses support the findings by Van 

Heerde et. al (2001). A threshold point is found for relative price discount; price discounts affect the LF 

when at least 20% discount is applied. Moreover, 0-10% is taken as baseline group. For regression model 

2, no significant effect is found for the variable 10-20%, indicating that no difference exists between this 

variable and the baseline group. Relative price discounts of at least 20% have a positive effect on the LF. 

Moreover, a non linear effect is found for price discounts between 20% and 60%, an exponential effect 

can be observed. A graphical representation of the effect of relative price discount is given in appendix J. 

Focusing on the Bread and Pastry category does not fully support a threshold point; 40-50% is the only 

variable that has a positive effect on the LF. From analyzing the effects of price discounts on the Bread 

and Pastry category should be concluded that the effects of price discounts are not as clear as for other 

product categories. Van Woensel et. al (2007) argued that the willingness to substitute within the bread 

category is high compared to other product categories. This may indicate that price discounts do have a 

positive effect on the LF within this product category, but due to the high willingness to substitute it 

does not matter what price discount is applied. From the above results can be concluded that a 

threshold point exists, therefore hypothesis 4 should be accepted. It should be mentioned that the 

threshold point for the Bread and Pastry category is not as clear as for the other product groups. 

Hypothesis 5 argued that a saturation point exists as discussed by Van Heerde et. al (2001). Based on 

regression results, this hypothesis is being rejected. Van Heerde et. al (2001) argued that discounts 

higher than the saturation point will have minimal effect on changing consumer’s purchase intention. 

Van Heerde et. al (2001) found a saturation point around 40% discount. Current research does not have 

a decrease in effect for higher price discounts, more specifically; higher discounts have higher effects on 

the LF.   

The findings on a threshold point are in line with the findings in existing literature; in 1980 Della Bitta 

and Monroe (1980) already argued for a threshold point, according to their findings a minimum price 

discount should be applied of around 15%. Gupta et. al (1992) supported this argument, and found 

evidence for a threshold point around 15-20%. Van Heerde et. al (2001) focused their research on the 

Dutch Food environment, en found support for a threshold point as well. Current research found a 

threshold point around 20%, which supports the findings in the existing literature. Furthermore, current 

findings do not support Van Heerde et. al (2001) and Gupta et. al (1992) on a saturation point. 

To test hypothesis 6, two different regression analyses are being performed. One in which the relative 

price discount is used as a scale variable, and one in which the relative price discount is used as nominal 

variable. Consequently, in the model with relative price discount as scale variable, relative price discount 

turned out to be highly significant. Nevertheless, an adjusted-R2 value of .778 was found compared with 

an adjusted-R2 value of .796 for the model with relative price discount as nominal variable. Making a 

comparison between the MAPE values of both models results in the conclusion that inserting relative 

price discount as a nominal variable leads to higher performance; a MAPE value of 27.58% for the new 
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regression model is found, compared to 26.47% for the model with relative price discount as nominal 

variable. These results support the use of relative price discount as nominal variable, which allows using 

a threshold point. Performance decreases when inserting relative price discount as a scale variable. 

Based on this analysis, hypothesis 6 should be accepted.  

Hypothesis 7 argued that the default price would positively affect the LF. Table 7-2 shows a negative 

effect for the default price. This indicates that higher priced articles have a lower LF. This effect is 

contrary to the proposed effect in hypothesis 7. Consequently, hypothesis 7 is being rejected. This 

finding is line with Chen et. al (1998), according to their research most articles that are bought in a 

supermarket are low priced articles. Consequently, customers’ purchase intention should be changed by 

applying attractive relative price discounts instead of attractive absolute price discounts. For the higher 

priced articles within the assortment of EMTÉ supermarkets, the relative price discount is lower than the 

relative price discount for the lower priced items. According to Chen et. al (1998) relative price discounts 

work best in changing purchase intentions; based on the above argumentation this can be supported 

with current findings.  

Products in promotion in subcategory  

Hypothesis 8 stated that the number of promotions in a subcategory will negatively influence the LF. 

Van der Poel (2010) already investigated the total number of promotions in a promotion week and 

concluded that the number of promotions was negatively affecting the promotional sales. From the 

results in current research could be concluded that the number of promotions in a subcategory is 

negatively affecting the promotional sales as well. The decision is made to use products in promotion in 

a subcategory, since only a few product categories are taken into account. The negative effect can be 

explained by making use of common sense; less products in promotion means that a customer can only 

choose between a few products, which will positively affect the LF of these products. On the other side, 

more products in promotion will give the customer many articles to choose from, and the LF will 

negatively be affected. Additionally, customers’ willingness to substitute between perishables is high 

(Van Donselaar et. al, 2006); indicating that customers are willing to substitute to a promoted article 

instead of a non promoted article easily. Based on the regression’s results hypothesis 8 is being 

accepted.  

Advertisement  

Hypothesis 9-11 are being used to test the effects of advertisement on the promotional sales. Moreover, 

hypothesis 9 stated that products in a voucher will have a higher LF than products which are not 

displayed in a voucher. From table 7-2 can be concluded that voucher placement indeed has a positive 

effect on the LF. In the literature many support can be found for a positive correlation between 

advertisement and promotional sales. For example Sethuraman et. al (2002), this research argued that 

products showed in a promotional voucher would have higher promotional sales. A promotional 

voucher can attract customers to the store for some specific products; consequently the sales will be 

higher for articles being promoted by a voucher. Based on the results from the different regression 

analyses, hypothesis 9 should be accepted. The findings of voucher placement are in line with the 

findings in the literature (a.o. Cooper et. al, 1999 and Sethuraman et. al, 2002) 
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Curhan (1974) investigated the effects of in store advertisement; more specifically he investigated the 

effects of display placement. According to his research, display placement is of high importance in order 

to determine future promotional sales. Furthermore, he argued that slow movers are more prone to the 

effects of display placement than fast movers are. In first instance, display placement was inserted in 

the regression model, without differentiating between product groups, but no significant effect was 

found for this variable. Due to the findings in the existing literature (e.g. Curhan, 1974 and Cooper, 1999) 

display placement was inserted on product group level into the regression models. Significant effects for 

display placement were found for the following product groups; Dairy [non drink], Meat and Salads 

[service], and Meat & Salads [prepackaged]. A negative effect is found for Display [Meat and Salads, 

service] indicating that these products perform more badly when placed on a display. An explanation for 

this negative effect can be based on findings by Curhan (1974), according to his findings some product 

groups are shopped specifically; customers have specific purchase intentions and exactly know where to 

get the articles. EMTÉ’s personnel categorized products from the Meat and Salads product category as 

products that are specifically shopped. Furthermore, a distinction can be made between impulse 

purchases and non-impulse purchases. Products from the Meat and Salads category are categorized as 

non-impulse purchases; these articles are specifically shopped as being indicated by EMTÉ’s personnel, 

support can be found in Curhan (1974). Dairy products are categorized as impulse purchases; willingness 

to substitute is high within this product category. Consequently it is important for these articles to 

attract customers; making use of display placement is an efficient way to do so. Based on the above 

discussion hypothesis 10, which indicated that products from the Dairy product group would positively 

react on display placement should be accepted. Hypothesis 11, which indicated that products from the 

Meat and Salads product group would negatively react on display placement, should be accepted as well.  

To summarize, display placement does not always lead to increased sales. As can be found in Curhan 

(1974) slow moving items are more prone to display placement than fast moving items are. Furthermore, 

Curhan (1974) mentioned that customers specifically shop for some products. According to EMTÉ’s 

personnel, products from the Meat and Salads product category are belonging to this specific search.  

Expiration dates 

To insert the perishable character into the forecasting model expiration dates are inserted in the 

regression models. Furthermore, the stop aging principle as discussed by Tsiros et. al (2005) is 

investigated. In general, customer willingness to pay decreases when expiration dates are lower (Tsiros 

et. al, 2005); this indicates that expiration dates positively influence the promotional sales. In current 

research, a positive effect is for found for expiration date on Meat and Salads. This finding is in line with 

the existing literature on expiration dates (e.g. Tsiros et. al, 2005). A contrary effect is found for the 

Dairy product group; the expiration date negatively influences the LF. Analyzing the available dataset on 

Dairy products results in the following conclusion; products with a low expiration date are products that 

daily used like yoghurt and milk drinks. Products with higher expiration dates are products that are less 

prone for promotions like; ice coffee, and Yakult drink. These products are mostly bought by a selected 

group of customers, and in promotion the number of customers buying the items does not significantly 

increase. While for other products like yoghurt, customers are substituting their preferred brand, for the 

promoted brand.  
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Furthermore, hypothesis 14 stated that the stop aging possibility positively influenced the LF. The 

variable is being inserted in the regression models, but did not turn out to be significant. Therefore 

hypothesis 14 is being rejected. In order to try to get some significant effects for the variable, interaction 

effects between high price discounts and low expiration dates were added, however without any effect 

Other significant effects 

Besides the variables used to test the different hypotheses, some other variables are inserted in the 

regression models to increase the performance. This section will shortly deal with the most important 

significant variables. Another variable that can be appointed to perishable items is the weather. In the 

regression model, temperature, #mm of rain, and #days of rain are included to represent weather. From 

these three potential predictors, only #days of rain turned out to be significant. Moreover, #days of rain 

is negatively affecting the LF. Making use of common sense, this can be explained; customers are not 

willing to come to a store specifically for a promotion when it is raining. Consequently, promotional 

sales are lower on rainy weeks. The only product category that is not affected by rain is Bread and Pastry, 

as follows from regression model 3.  

In section 5.2 where the potential predictors are determined, several promo mechanisms are introduced. 

SPO is taken as baseline group for all different regression models. From analyzing the results of the 

different regression models, the following conclusion can be drawn: only promo mechanisms for the 

Meat and Salads product category turned out to be significant. Buy 1, get one Free negatively affects the 

LF while 2 for positively affect the LF. Van der Poel (2010) did not find any significant effect for free 

product, while he found a negative effect for the promo mechanism 2 for. Van Dinter (2011) only found 

significant effects for 2
nd

 half price, and 3
rd

 for free.  Based on these different results should be 

concluded that it is hard to investigate all different promo mechanisms. In order to insert promo 

mechanisms in their research, Cooper et. al (1999) only used the Single Price Offer (SPO) and Quantum 

Discount. This distinction may indicate that hardly any differences exist between the different promo 

mechanisms; only the SPO significantly differs from other promo mechanisms.  

National Holidays also affect the LF as can be concluded from the regression results. Summer, Easter and 

Spring Break are significant variables in the regression models. More specifically, these three National 

Holidays are found significant in the regression models for Dairy products (regression model 4) and 

Meat and Salads products (regression model 5). Therefore, an interaction effect between these National 

Holidays and the product category is inserted to achieve highest performance. Otherwise, it is possible 

that promotions are being over forecasted, when a promotion is held in Easter. For all National Holidays 

a positive effect is found. Spring Break is not a significant variable in the full regression models (dataset 

1, 2). Based on the significance level in regression model 5, this is not a surprise. 

Overview insignificant variables 

This paragraph will shortly discuss the most notable insignificant variables. Previous section already 

discussed the insignificance of the stop aging variable. Several alternatives are inserted in the regression 

models to get some significant result on the stop aging variable. Nevertheless, no significant effect is 

found for the stop aging variable as being indicated by Tsiros et. al (2005). From analyzing the effect that 

was found by Tsiros et. al (2005) can be concluded that the effect of the possibility to stop the aging 
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process was quite small, it may be argued that the effect is too small to detect during this research. 

Tsiros et. al (2005) only found a small effect of the stop aging possibility on the sales. A second variable 

which indicates freshness was not found significant either; fresh perception. First, dummy coding was 

used to represent the fresh perception; this did not result in any significant effects. Based on these 

results, an interaction between product category and fresh perception was used; however this did not 

contribute to any significant effects for fresh perception. On the other side, the product group Meat and 

Salads [Service] turned out to be significant, and negatively affects the LF. This can be seen as an 

indication that the variable fresh perception is being declared by this product group variable, since this 

product group only contains products that can be categorized as service articles. In the product group 

Bread and Pastry, not all products are service products.  

To summarize, the regression models contain many different variables; from price discount, to national 

holidays. From the regression analyses, some interesting results are found. First, support is found for the 

threshold point as discussed by Van Heerde et. al (2001). Relative price discounts of at least 20% should 

be applied in order to change customers’ purchase intention. With this result, the literature can be 

extended on the effects of price discount on the promotional sales of perishables. The Bread and Pastry 

product category does not seem to be affected that much by price discount. Furthermore, in store 

advertisement, more specifically display placement, turned out to be significant. Curhan (1974) already 

indicated that some product groups were less prone to display placement than other product groups 

were, current result support this statement. Moreover, products from the product group Meat and 

Salads negatively react on display placement, while Dairy products positively react on display placement. 

With these results, the literature can be extended on display placement; most researches do assume 

that display placement positively affects promotional sales in all cases. Current research shows that this 

assumption is not true; some specific product groups negatively react on display placement.  

In Appendix K, the different regression models are displayed with their corresponding standard errors. 

Furthermore, Appendix L shows the correlation matrices for regression models 1 and 2.  

7.4 Validation model  
Previous section discussed the performance of the regression models in the calibration period, and 

determined the effects of all different variables. As been discussed earlier, the dataset is divided in two 

different parts; a calibration and validation database. The calibration dataset is used to run the different 

regression models; the other part is used to validate the findings of the different regression models.   

Table 7-3 validation different regression models 

 Regression 

model 1 

Regression 

model 2 

Regression 

model 3 

Regression 

model 4 

Regression 

model 5 

Product categories All All excl. Bread Bread & Pastry Dairy Meat & Salads 

MAPE calibration 27.95% 26.47% 29.79% 23.99% 27.60% 

MAPE validation 29.82% 26.46% 34.29% 23.59% 31.40% 

Forecast accuracy 70.18% 73.54% 65.71% 76.41% 68.60% 

AAD calibration 1628 1255 2668 1411 1076 
AAD validation 1667 1325 2317 1505 1146 
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From the table 7-3 can be concluded that regression model 2 outperforms regression model 1 in both, 

the calibration and validation phase. Where the regression model 1 performs quite well in the 

calibration period the MAPE value increases in the validation period. While the MAPE value for 

regression model 2 is stable. The comparison between regression model 1 and regression model 2 is not 

totally fair; regression model 2 does not contain cases from the Bread and Pastry category. Therefore, 

regression model 1 is compared with the combination of regression model 2 and regression model 3. 

Doing this will result in a fair comparison between the different models, since all different product 

groups are taken into account. The average MAPE value of the combination between regression model 2 

and regression model 3 equals 28.18% which is still lower than the MAPE value for regression model 1 in 

the validation phase. Analyzing the AAD value in the validation phase, regression model 1 has an AAD 

value of 1667 products, while the combination of regression model 2 and 3 has an AAD value of 1543 

products, which is lower than the AAD value of regression model 1. This comparison indicates that it is 

better to exclude the Bread and Pastry category from the regression model, and to make forecasts 

according to a separate forecasting model.  

Some different results are found when analyzing regression model 3-5, which are based on the 

individual product groups. The performance of regression model 3 drops in the validation phase while 

regression model 4 holds in the validation period. Moreover, regression model 4 performs slightly better 

in the validation period than in the calibration period. The performance of regression model 5 drops as 

well, indicating that this regression model is not stable. To make a comparison between regression 

model 2 and regression models 4 and 5, a combination is made between regression model 4 and 5. 

Consequently can be concluded that regression model 2 outperforms the individual regression models. 

The MAPE value of regression model 2, as well the AAD value is smaller compared with the MAPE and 

AAD value of the combination of regression model 4 and 5.  

Now the different regression models are analyzed on their MAPE values, it is interesting to get some 

more detail on their MAPE values. Therefore, regression model 2 is chosen to analyze since this 

regression model performs best. In order to get some more detail about the MAPE value of regression 

model 2, the following performance indicator is used; MAPE-value ≤ 20%. Applying this criterion on 

regression model 2 results in 51.7%. This indicates that more than 50% of the forecasts made in the 

validation phase have a MAPE value lower than 20%. Furthermore, it is interesting to check the 

possibility of placing additional orders. EMTÉ’s personnel indicated that in a promotional week 

additional orders could be placed at a supplier, with a maximum of on average 25% of the initial order. 

All forecasts that are over forecasted do not result in any problems, only the forecasts that are under 

forecasted can be a problem, therefore the fraction is calculated that is maximally 25% under forecasted. 

This fraction turned out to be 90.7%. Indicating that for almost 91% of the forecasts made, no OOS 

problem will arise since additional orders can be placed at a supplier.  

To conclude, the most elaborated regression model which contains all product categories performs 

quite well in the calibration period, but performance significantly drops during the validation phase. The 

combination of regression model 2 and 3 outperforms regression model 1. Indicating that it is best to 

use separate forecasting models for the Bread and Pastry product category, and the remaining product 

categories. Based on the above discussion can be concluded that in 91% of the forecasts no OOS 
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problem will arise. This is due to the fact that EMTÉ’s personnel indicated that maximally 25% of the 

initial forecasts can be additionally ordered.  

7.5 Comparison with EMTÉ’s performance.  
In order to draw some meaningful conclusions on the regression results from pervious section, the 

current performance of EMTÉ supermarkets is compared with the regression results. Therefore, 

information about forecasts made by the purchasing department and the specialized forecaster are 

gathered. Since no information is available on the forecasts for the product category bread and pastry 

the focus is on the remaining product categories. In table 7-4 an overview is given of the different MAPE 

values by the different stakeholders, as well the LF model in the validation phase.  

  Table 7-4 comparison EMTÉ’s performance  

 Comparison in the 

validation phase 

MAPE purchase department 38.4% 
MAPE specialized forecaster 33.5% 
MAPE LF model  26.5% 

 

From this comparison can be concluded that the LF model outperforms the specialized forecaster; an 

improvement of 20.8% is achieved. It should be noted that the specialized forecaster achieves a low 

MAPE value, which indicates that the forecasts made are quite good. The LF model outperforms the 

specialized forecaster, but even more important the forecasting technique can automatically generate 

forecasts. On the other side, forecasts should always be checked by personnel of EMTÉ supermarkets.  

7.6 Comparison with scientific field 
Much information can be found in the literature on forecasting promotion articles, especially for non 

perishables. This section will compare current research with the literature. Promocast, the forecasting 

model by Cooper et. al (1999) will be compared with current research. Furthermore, Van der Poel (2010) 

and Van Dinter (2011) will be taken in consideration during the comparison. The research by Van Dinter 

(2011) is used since this research focused on the promotional process within the organization of EMTÉ 

supermarkets as well, but specifically focused on perishables. Making a comparison between both 

models is interesting in order to show the differences between perishables and non perishables.  

Table 7-5 overview different scientific promotional forecasting models 

 Peters Van der Poel Van Dinter  Promocast 

Year 2011 2010 2011 1999 
Point of view Retailer Manufacturer Retailer Retailer 
Aggregation level Supply Chain Supply Chain Supply Chain Store 
Product type Perishable  Non-perishable Non-perishable Non-perishable 
Method  Linear Regression Linear Regression Linear Regression Linear Regression 
Sample size 2175 1238 4129 2500000 
# predictors 21 21 34 67 
Adjusted R2-value .767 a .691 .378 n.a. 
MAPE validation (best) 28.18% 31.1% 37.2% n.a. 
a : The average adjusted R2-value of regression model 2 and 3 is taken here 



48 
 

From table 7-5 could be concluded that each forecasting model uses a different number of variables. 

The most elaborated regression model is the Promocast model, which makes use of 67 predictors. The 

model by Cooper et. al (1999) takes into account every kind of variable except; number of products in 

promotion, preservabilty, and product category.  Van der Poel (2010) investigated a LF model on supply 

chain aggregation level for Unilever N.V.. From comparing the MAPE value in the validation phase could 

be concluded that current LF model for perishables performs somewhat better. Comparing the different 

regression models on their performance is difficult, since different product categories are being used 

within each research. The models shown in table 7-5 differ substantially in performance. Following 

section will focus on the different variables that are used to explain the different performance.  

Current research used dummy variables to represent relative price discount. The other researches by 

Van der Poel (2010), Van Dinter (2011), and Cooper et. al (1999) did not use dummy coding. 

Nevertheless they did use relative price discount, but inserted the relative price discount as a scale 

variable. The results of this research support the statements by Van Heerde et. al (2001) on a threshold 

point. More specifically, this research found evidence for a threshold point around 20%. This finding is 

supported by other researches, for example Gupta et. al (1992) and Van Heerde et. al (2001). Many 

support can be found for making use of dummy variables to insert relative price discount, this allows 

using a threshold point. Current research investigated the difference between making use of relative 

price discount as scale variable and nominal variable, and concluded that by making use of relative price 

discount as nominal variable highest performance of the forecasting model is being achieved. The use of 

relative price discount as a scale variable partly explains the lower performance of the other models. 

Comparing the effects of perishables and non perishables on relative price discount did not result in 

significant differences between both (e.g. Van Heerde et. al, 2001 and Gupta et. al, 1992).  

Two other variables that turned out to be significant in current research are baseline sales and previous 

LF. Cooper et. al (1999) is using the baseline sales as well; however they categorized products as slow 

movers and fast movers. In their research, fast-movers turned out to be more prone to price promotions 

than slow movers are. Furthermore, the three researches take into account the sales of a former 

promotion. EMTÉ’s personnel already indicated that this was of high importance, but turned out to be 

important in other researches as well.  

In store advertisement as being discussed in Curhan (1974) turned out to be important in order to 

forecast promotional sales. Van Dinter (2011) did not take into account any display placement, which 

could be a reason for the low accuracy compared to current research and the research by Van der Poel 

(2010). Van der Poel (2010), and Cooper et. al (1999) both used display placement in their regression 

model, and both found significant positive effects. Cooper et. al (1999) elaborated the in store 

advertisement even further, and make a distinction between for example small and large adds. In store 

advertisement is extensively discussed in the literature. In general, it is assumed that products positively 

react on display placement (e.g. Cooper et. al, 1999 and Van Heerde et. al, 2002). Van Heerde et. al 

(2002) even make a difference between products that are placed on a display, and products that are not 

placed on a display but are advertised in a store by an add. Both have a positive effect on promotional 

sales 
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To summarize, several scientific models are compared with the performance of current LF model, based 

on this comparison could be concluded that the regression model performs quite well. However, due to 

the differences in product categories and sample size, comparing the different performances is difficult. 

Furthermore, different independent variables are being compared with the scientific field. 

  

Conclusion part 3 In this part, several regression models are developed and tested on performance. 

Based on the analysis can be concluded that it is indeed hard to forecast the product category 

Bread and Pastry, highest performance is achieved when excluding this product category from the 

regression model. Interesting results are found for relative price discount; inserting relative price 

discount as a nominal variable achieves highest performance. Furthermore, different effects for 

display placements are found; Meat and Salads [service] do negatively react on display placement.    
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Part 4: Implementation & Conclusion   

The last part of this paper will discuss the 

implementation and conclusion of the findings. In 

part 1-3, the problem EMTÉ supermarkets is 

currently facing is introduced, and an accurate 

forecasting model has been developed. The last part 

of this document will briefly discuss the 

implementation of the new forecasting method. 

Based on this implementation, a new cost analysis 

will be performed. After the implementation plan, 

the final sections will deal with the conclusion of 

this research, the limitations and insights for future research. 

8 Implementation 

This section will deal with the implementation of the forecasting model as being developed in previous 

part. In doing this, a promotional forecasting tool is created that fulfills the requirements of EMTÉ 

supermarkets. Previous part concluded that an individual forecasting model should be used for the 

product category Bread and Pastry, while the other product groups could be forecasted with a general 

model. Focusing on the implementation phase, it does not matter which forecasting model is taken into 

account since the same principles should be applied in the organization regardless the regression model. 

This project started with analyzing the total promotion process of EMTÉ supermarkets, from initial 

forecasts to deliveries to the different stores. Finally, this research specifically focused on the 

forecasting technique used by EMTÉ supermarkets; and consequently improved this forecasting 

technique. In order to achieve highest performance, the promotional forecasting technique should be 

implemented in the organization of EMTÉ supermarkets. Highest benefits can be achieved when current 

promotion process is reconsidered.  

8.1 Reconsidered promotion process 
The reconsidered promotion process of EMTÉ supermarkets as shown beneath specifically focuses on 

the forecasting technique. Recommendations for the allocation part are based on Van Dinter (2011). His 

research mainly focused on the allocation part of non-perishable items specifically for EMTÉ 

supermarkets. Therefore, his findings can be used to recommend on the allocation phase.  

1.  Promotional planning. Each year, the marketing and sales department delivers a promotional 

plan in which the promotional planning for upcoming year a represented. 

2. Acquisition and first forecast of promotional products. The purchasing department uses the LF 

model to make an initial forecast of the expected future sales. The forecasting tool can be used 

in the negotiation with the supplier, in order to get the most attractive deals.  



51 
 

3. Check initial forecast, make disaggregate forecast. Once an initial forecast is made, the 

specialized forecaster can check and adapt the initial forecasts made by the purchase 

department. Moreover, the forecasting tool can help the purchaser in doing this; the forecaster 

should only adapt the forecasts made by the forecasting tool when he thinks this is necessary. 

Finally, disaggregated forecasts are created, and send to the DC.  

4. Ordering products. Four weeks in advance, order sets are send to the DC. In order to reduce 

waste after a promotional week, employees of the DC’s should be careful with adding safety 

stock to the forecasts, especially for products with low expiration date. In general it is possible 

to order an additional amount of products on Monday or Tuesday to fulfill customer demand in 

the weekends.  

Reconsidered promotion process perisable items [EMTÉ supermarkets, Sligro Food Group B.V.]

1 year 12 weeks 5-6 weeks 4-5 weeks 4 weeks
Week before 
promtotion

Promotion week
Week after 
promotion

Direct delivery in promotion week

Final Orderset

Deliver Products
Receive final 

ordersets
Deliver products to 

DC

Promotional 
planning

Sell products

Transport & Order 
extra orders

negotiation

Order products
Receive and 

organize products

Evaluation of 
forecast per store

Check Initial 
forecast, make 
dissaggregate 

forecast

Promotion week

Acquisition & first 
forecast made by 

LF model

Discounted 
Products & waste 

products

Stores receive 
products

5-6 weeks Promotion week
Week before 
promtotion

4-5 weeks12 weeks1 year 4 weeks
Week after 
promotion

 
Figure 8-1 reconsidered promotion process 

The reconsidered promotion process as shown in figure 8-1 is based on the old promotion process. The 

process steps with a green frame are adapted process steps. The process step with a red frame will be 

deleted in the reconsidered promotion process. Current promotion process will be improved on the 

forecasting technique. More specifically it is recommend using a LF model instead of current forecasting 

techniques. This research developed a forecasting model that is more accurate than current forecasting 
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method. The initial forecasts that are made by the purchase department should be based on the LF 

model to achieve high accuracy of forecasts. After the initial forecasts are made, these can be checked 

and adapted by the forecasting department. The LF model can be used to make accurate forecasts, and 

experience can be used to adapt the forecasts. An important improvement in the reconsidered 

promotion process is the deletion of the ‘evaluation of forecasts per store’ process step. This process 

step is very costly and does not contribute to the performance of the promotion process. As a result, the 

forecasting department can directly make a final order set, without unnecessarily check the adjustments 

by each store. The checking and ordering procedure as being executed by employees of the Distribution 

Centre has been adapted as well, the checking procedure does not contribute to the performance, and 

consequently has been deleted from this process step.    

According to Van Dinter (2011) it is recommended to use a flexible allocation mechanism that uses early 

sales data for non-perishable items. Van Dinter (2011) created his flexible allocation mechanism 

according to the principles by Fisher and Raman (1996). Early sales data could be gathered on Monday 

and/or Tuesday. This early sales data can be used to calculate the expected remaining fraction of 

products sold in each store. This principle can also be applied on perishable items, since in general two 

or more shipments are weekly planned to each store. Consequently, it is possible to send a fraction of 

the initial order to the stores and keep the remaining part of the order set flexible. Moreover, Van 

Dinter (2011) recommends to ship around 70% in the first shipment to fulfill customer demand in the 

first days. The remaining part will be shipped according to new calculations made on early sales data. By 

making use of this allocation mechanism, inaccurate forecasts on store level are automatically adjusted. 

For example, some stores will have enough products available for the remainder of the week after their 

first delivery, while other stores have too little products; using early sales data will partly solve this 

problem.  

Besides this forecasting and allocation mechanism it is important to check the leftovers at the end of the 

week on store level. Since this research specifically focused on perishable items, leftovers after 

promotional activities will quickly be wasted products. Therefore, additional sales should be secured in 

order to reduce waste. Preventing waste can be done by analyzing the leftovers, and calculating the 

average leftovers after their expiration date. As a result of these calculations, the price promotion 

activities should be continued for those products that have leftovers after their expiration date.   

8.2 Changes in organization  
The necessary changes to implement above mentioned promotion process will solely focus on the 

requirements for the forecasting technique since the allocation mechanism is not investigated in this 

research. The recommended changes within the organization of EMTÉ supermarkets are represented in 

figure 8-2.  

 
Figure 8-2 necessary changes in organization  
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Change 1 

In figure 8-2, the main changes that should be executed in the organization are depicted. Change 1 is the 

first change that should be executed in order to effectively use the LF model. This step states that a 

central dataset should be created and is based on a requirement by EMTÉ supermarkets: ease of use. 

Currently, much information is available in several datasets within the organization of EMTÉ 

supermarkets about promotions. This information should be used and recorded better to improve 

efficiency and accuracy. During the data gathering phase of this research, the problems of current 

databases became clear. The several databases were incomplete, and sometimes incorrect. 

Furthermore, the data gathering took a long time, since different datasets should be combined to gather 

the needed data. To overcome this inefficiency, a central dataset should be created that contains 

information on all variables. To be more specific, information on all different variables should be 

gathered. Moreover, the database should contain information on baseline sales, promotional sales, 

promotional price, default price, display placement, product categories, #items in subcategory, National 

Holidays activities, saving actions, and promo mechanisms. This data is available within the databases of 

EMTÉ supermarkets, nevertheless some information should be specifically gathered; former 

promotional sales and former baseline sales, as well display placement are some examples. The data 

availability is important for the reconsidered promotion process. One of the requirements of EMTÉ 

supermarkets was to build a forecasting model based on the available data. All the data is available, 

however different kind of resources should be used, therefore it is important to centrally store the data. 

Using such an extended database is not only recommended in order to use the forecasting tool. 

Currently, EMTÉ’s personnel are simultaneously searching for the right information on promotional 

activities. Using a central database for promotional activities reduces the time used to search the 

relevant information; promotional information only needs to be inserted once.  

Change 2 

One of the requirements by EMTÉ supermarkets was to create a forecasting tool that could easily be 

used. This change focuses on implementing the forecasting model. Ease of use can be achieved by 

creating a forecasting tool that automatically gathers the necessary data, and automatically makes the 

forecasts. As a consequence of this automatic tool, information about price promotions should only be 

inserted once; the tool will gather the information and will make a forecast for the promotional sales. 

The forecasts made by the forecasting tool should be available for every stakeholder in the promotion 

process; this can be achieved by making use of the same database as created for change 1. Making use 

of an automatic forecasting tool prevents employees from long searching times to the correct 

information, and filling in all the different fields. 

Change 3 

This research focused on specific product groups; consequently the forecasting tool cannot be used for 

other product categories. Change 3 takes into account this pitfall; the forecasting tool should be 

extended in such a way that is usable for all kind of products. Based on the results of this research 

should be concluded that it is hard to create one forecasting tool, which can be used for all different 

product groups. Bread and Pastry turned out to be hard to forecast. The decision to create several 

forecasting models, or one general forecasting model for most products groups should be based on a 
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new analysis. It can be possible to include most product groups, and create an individual forecasting 

model for the remaining product groups, like Bread and Pastry.  

Another important change in the promotion process is the exclusion of store managers from the 

promotion process and creating clear responsibilities. Moreover, with the new forecasting tool it is not 

necessary to double check the forecasts made by the headquarters, resulting in lower costs. Therefore, 

store managers should be denied access to the information platform used by EMTÉ supermarkets to 

transfer information. Thereby in current promotion process, different employees are frequently double 

executing tasks; the reconsidered promotion process should prevent doing double work.  

8.3 Results of implementation  
This section will discuss the financial results of the implementation of the new forecasting tool. In order 

to use the forecasting tool, some adjustments should be made in the organization of EMTÉ 

supermarkets. Money should be invested in order to implement the forecasting tool, moreover some 

employees should be appointed to create a forecasting tool that automatically searches for the right 

data. These costs will only be made once, since after implementation the forecasting tool will 

automatically gather the necessary data and automatically makes the forecasts. The only maintenance 

needed in the system is to check and adapt the different parameters of the forecasting tool in order to 

achieve highest performance, and adjust on changes in the promotional activities.  

In section 2.4.1 the costs made due to expiration date problems, and processing costs are appointed as 

highest costs factors. Moreover, these two cost factors are responsible for almost 90% of the costs 

made during the promotion process. Therefore, the implementation of the forecasting tool will be 

analyzed on these two cost factors.  

Processing costs 

In the reconsidered promotion process, store managers are excluded from the process. Moreover, store 

managers and store personnel do not have the possibility to adapt orders for their store. Taking care of 

this situation prevent additional costs made during the promotion process in the stores. In section 2.4.1 

these costs were calculated, and approximately €597,000.- is spend in all stores together on adapting 

the order sets. Consequently, these costs can easily be saved by excluding store personnel from the 

promotion process. It should be noted that current forecasting tool is only based on some specific 

product categories, and therefore it is not fair to dedicate the total cost savings to this forecasting tool. 

However, this forecasting tool can be adapted and being used for all product categories. Therefore, the 

total savings by using this forecasting tool equals €597,000.-.  

Expiration date costs 

Section 2.4.1 calculated the average yearly costs due to expiration date problems as €412,364.- for 

promotional products in the following product categories; dairy products, Meat and Salads 

[prepackaged], and Meat and Salads [service]. Implementing the forecasting tool, will result in a total 

cost due to expiration date problems of €318,182.-, a decrease of 23%. Achieving these costs is done by 

creating a promotion process which extends a price promotion when the leftovers are higher than the 

expected sales within the expiration date. From questioning EMTÉ’s personnel about the additional 
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sales due to promotion extension follows that sales can equal 25% to 45% of previous week. It is 

assumed that an extended price promotion leads to additional sales equal to 35% of the sales from 

previous week. The expiration date is taken into account as well. Calculating these expiration date costs 

is done with the following assumption in mind; the products are perfectly allocated to each store. This 

may be an unreal assumption, and consequently the expiration date costs may be optimistic. On the 

other side, current expiration date costs are solely based on costs made within the different stores. 

Costs made due to expiry problems in a DC were not taken into account, while the expiration date costs 

resulting from the new forecasting tool did take into account all waste (in stores, as well DC). Therefore 

this comparison seems to be fair.   

Concluding based on this cost reduction overview, EMTÉ supermarkets is recommended to implement 

the new forecasting tool. Moreover, taking the processing and expiration date costs into account a total 

saving of €691.182,- can be achieved annually. It should be noted that the processing costs are 

responsible for the highest part of this cost reduction. The processing costs can totally be reduced when 

the forecasting tool is implemented for all different product categories, and the decision is made to fully 

exclude the stores from the promotional activities. Current forecasting model can only be applied on the 

product groups that are taken into account in this research. A 23% reduction achieved in expiration 

dates costs is attractive, and is only based on the reduction due to the forecasting tool for these specific 

product categories.  

9 Conclusion  

This last section will deal with a general conclusion of this research, and will discuss the generalizability 

of the findings. Furthermore, research directions and limitations will be indicated. The last paragraph 

shows the contribution to the literature.  

9.1 General conclusion 
This master thesis project developed a Lift Factor model to forecast sales of perishable promotional 

articles. The LF model is developed for a grocery store; EMTÉ supermarkets, part of Sligro Food Group 

B.V. located in Veghel. After analyzing the promotion process within EMTÉ supermarkets, the following 

research question is formulated; “How can the current forecasting technique for perishable promotional 

articles be improved?”.  

Currently EMTÉ supermarkets is using a judgmental forecasting technique; indicating that forecasts are 

mainly based on experience (Makridakis, 1988). Current forecasting technique can significantly be 

improved by making use of the LF model as being developed during this research. From the different 

product groups taken into account in this research, only the Bread and Pastry product category does not 

fit in the full regression model. More specifically, this product category was hard to forecast and a 

separate forecasting model is developed. The full model that includes all product categories achieved a 

Mean Absolute Percentage Error (MAPE) of 29.82%, while the forecasting model based on all product 

categories except the Bread and Pastry category achieved a MAPE value of 26.46%. Indicating that on 

average a forecast deviates 26.46% from the actual sales. This is an improvement of current practice. 
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The regression model developed in this research is based on the principles as found in the literature. 

More specifically, the Lift Factor model by Van der Poel (2010) is taken as basic framework. Findings 

from the literature are added to the basic framework, to get a more elaborated framework.  

The literature extensively discussed relative price discount as an important indicator for future 

promotion sales. Current research investigated the effects of inserting the relative price discount as a 

nominal variable and as a scale variable. By making use of a nominal variable, the findings by a.o. Van 

Heerde et. al (2001) and Gupta et. al (1992) on a threshold and saturation point could be investigated. 

According to Gupta et. al (1992) a threshold point is the minimum value of price discount required to 

change consumer’s purchase intention, while a saturation point is the point above which the effects of 

discounts on changes consumers’ purchase intention is minimal. For non perishable items, a threshold 

point is found around 15% (e.g. Van Heerde et. al, 2001, Della Bitta et. al, 1980, and Gupta et. al, 1992). 

This indicates that relative price discounts below this point do not affect consumers’ purchase intentions. 

Current research found evidence for a threshold point for perishable items as well. More specifically, a 

threshold point is found around 20%. Current finding is important for EMTÉ supermarkets as well for the 

literature; since this threshold point indicates that price discounts lower than 20% do not affect 

promotional sales. The literature can be extended with support for a threshold point for perishable 

items. A saturation point as being argued by Van Heerde et. al (2001) is not found; meanwhile higher 

relative price discounts do even more stimulate the promotional sales.  

Another important variable that can be found in the literature is advertisement. In store advertisement 

was already investigated in 1974. Curhan (1974) noticed that display placement was of high importance 

in determining the promotional sales. According to his findings, slow moving items were more prone to 

display placement than fast moving items. Furthermore, Cooper et. al (1999) support the use of display 

placement as variable. Nevertheless, no difference is made between product groups and only non-

perishables were taken into account. Current research found support for the use of display placement as 

well, but differentiated between product groups. According to the findings, not all product groups 

positively react on display placement. Dairy products are positively affected by display placement, while 

products from the Meat and Salads product group negatively react on display placement. Evidence for 

this phenomenon can be found in Curhan (1974); he argued that some product groups are specifically 

shopped. The finding on display placement is important, since forecasting models for non-perishables 

assume that product groups react in the same way on display placement. This research found evidence 

for different reactions of product groups on display placement, there even are product groups that 

negatively react on display placement.  

Making use of a promotion voucher is also categorized as advertisement. In the literature much articles 

are available on the effects of promotion vouchers. For example Sethuraman et. al (2002), this research 

argued that products showed in a promotional voucher would have higher promotional sales than 

product which are not showed a promotional voucher. For perishable items, the promotion voucher 

positively affects the promotional sales. No difference is found between perishables and non-

perishables on the effects of a promotional voucher; Cooper et. al (1999) do use information about a 

promotional voucher in their forecasting model, and stated that vouchers positively affect promotional 

sales.  
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Besides these three different variables, some specific perishable variables are taken into account; the 

weather, and expiration date. From the regression models could be concluded that number of rainy days 

is negatively affecting the promotional sales. Furthermore, some interesting effects are found for 

expiration dates. Tsiros et. al (2005) noticed that shorter expiration dates are negatively affecting the 

willingness to pay. For the product group Meat and Salads, a short expiration date indeed has a negative 

effect on the promotional sales. However, for the product group Dairy a positive effect can be found for 

low expiration dates. This is contrary to the findings by Tsiros et. al (2005).  

In general, perishable promotional sales can accurately be forecasted by making use of a Lift Factor 

model. This research focused on different perishable product groups. The Bread and Pastry category 

turns out to be differently reacting on price promotions compared to the other product groups. 

Consequently, an individual forecasting model has been developed for this product group. Based on the 

forecasting model’s results, it is attractive for EMTÉ supermarkets to implement the forecasting model. 

Moreover, costs calculations support this statement. Solely focusing on expiration date problems, it is 

possible to achieve a cost reduction of 23% or €94.182.- annually. Focusing on the costs savings 

applicable on the processing part, high costs reductions can be achieved by excluding the stores’ 

influences in the promotional activities. Moreover, totally excluding the stores from the promotion 

process can reduce costs by €597,000.- each year. Taking into account the performance of the 

forecasting method, it is recommended to implement the forecasting tool.  

9.2 Generalizability of findings 
After analyzing the problem, it is important to discuss the generalizability of the findings of this research. 

This will be done in twofold; first the generalizability for other product groups within EMTÉ 

supermarkets will be discussed, finally the generalizability for other retailers will be shortly dealt with.  

9.2.1 Generalizability for other product groups  
This research focused on the perishable items within the organization of EMTÉ supermarkets. Therefore, 

current forecasting method is solely based on the information of these specific products. From the 

results can be concluded that some product categories are reacting in a different way on price 

promotions, for example Pastry and Bread. Therefore this forecasting tool cannot directly be applied on 

other product categories. However, the principle of the forecasting tool; forecasting the LF of a 

promotion can directly be applied and is recommended for EMTÉ supermarkets. In doing this, the 

parameters for other product categories should be analyzed.  

Since this research specifically focused on perishable items it is important to analyze the other product 

categories as well. Currently, EMTÉ supermarkets has several kind of product categories; perishable 

items, non-perishable items, In/Out products (both, perishable and non-perishable), and new products. 

Van Dinter (2011) already investigated the possibility to use a LF model for non-perishable items. In his 

research, a differentiation was made between slow movers and fast movers since the risk for the 

different categories was different. Moreover, for fast movers the risk of having high left over after a 

promotional week was low, since these products could easily be sold after promotional weeks. 

Therefore, demand forecasting was recommended by Van Dinter (2011). But not only demand 
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forecasting is important for these so-called fast movers; using a flexible allocation mechanism with 

several deliveries is at least as important as accurate forecasts are. For slow movers, it is more 

important to have accurate forecasts; since the risk of having too much inventory after a promotion 

week is high. More specifically, these leftovers after a promotional week cannot be sold as easily as for 

fast mover products. Consequently, accurate forecasts are most important for slow movers. According 

to Van Dinter (2011) it is not fruitful to use a flexible allocation mechanism for slow movers due to the 

handling costs of these products; a large amount of products is responsible for a low amount of sales. 

The forecasting model is based on historic sales data; for example a previous LF is used to forecast the 

LF of a new promotion. Consequently, the forecasting tool as been developed during this research can 

neither be used for In/Out products, nor for new products. Since no historic sales data is available for 

these products. Van Dinter (2011) stated that his flexible allocation mechanism should be used to 

decrease the possibility of having obsolete products after a promotion week.  

To conclude, the forecasting tool as been developed in this research can solely be used for the product 

groups that are taken into account in this research. However, the principles of a LF-model can be applied 

on all product groups of EMTÉ supermarkets except for the new products and In/Out products due to 

the non-availability of historic sales data.  

9.2.1 Generalizability for other retailers 
The insights gathered from this master thesis project cannot only be used by EMTÉ supermarkets. This 

research concluded that a LF model is a good way to forecast perishable items in promotion. Other food 

retailers can use these insights to develop their own LF-model, which can forecast promotional sales. 

Probably other food retailers will face the same problems as EMTÉ supermarkets is currently facing for 

several reasons; 

1. Almost every retailers uses price promotions to attract customers to their stores, each week other 

price promotions are used for different products.  

2. Currently the food retail is facing high competition; this indicates that some customers will easily 

switch stores for good price promotions. Consequently high demand uncertainty will arise.  

3. In general, price promotions last for one week, indicating that retailers are facing the same 

problems after this promotional week; high leftovers and high waste for perishable products.  

9.3 Limitations and recommendations for future research directions 
In this paragraph, the limitation of this research will be discussed and some future research directions 

will be appointed. In general, an extensive forecasting model is developed that performs quite well 

(MAPE 26.46%). As been discussed in previous sections, this forecasting model is solely based on the 

product groups taken into account in the research; one limitation of this research is the development of 

a total forecasting model for all product groups together. This research is limited to the forecasting 

mechanism for promotional activities. A total solution for the promotional activities was asked, however 

this research solely focused on the forecasting technique.  
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Forecasting technique 

In order to increase performance of the promotion process some future research directions are 

appointed. It is recommended to further investigate the forecasting model; currently a MAPE value 

around 26% is found. Probably this MAPE value can be improved even further. During the research some 

potential independent variables could not be taken into account due to time constraints, consequently it 

is interesting to analyze the effects of other potential variables. For example, the page of the voucher on 

which a product is placed, advertisement in the stores, size of advertisement could be interesting.  

Optimization of combination LF model and flexible allocation 

The research by Van Dinter (2011) and current research both investigated the promotional activities 

within the organization of EMTÉ supermarkets. Moreover, Van Dinter (2011) investigated the non-

perishable items while this research focused on perishable items. Now both researches are executed, an 

optimal combination between both should be investigated. More specifically, it should be analyzed for 

which product groups a combination of the LF model and flexible allocation mechanism works best. To 

achieve highest benefits, both researches should be combined.  

Effects of promotion on cross-selling  

This research solely focused on promotional activities. However, promotional products are generally 

motivating customers to buy other non-promotional products (cross-selling). The effects of promotions 

on other products should be investigated. There is also a possibility that promotional products do lead 

to lower sales of substitute products. To reduce waste and high inventories, it is recommended to find 

these substitute effects, and additional sales effects for non-promotional products. Based on this cross 

selling, it is interesting to analyze the effects of a price promotion on the sales the week after a 

promotional week. Moreover, EMTÉ’s personnel admitted that sales in the week after a promotion of a 

promoted article dropped below the average baseline sales in some cases. To prevent high waste after a 

promotional week, the effects of a promotion after a promotional week should be investigated.  

To conclude, this research focused on the forecasting mechanism for perishable promotional articles. 

Due to this focus, the model cannot be applied on other product categories. However, the logic of a LF 

model can be used. To achieve highest performance, this research should be further elaborated.  

9.4 Contribution to the literature  
In section 1.5 three different gaps in the literature are appointed, this research complement the 

literature on these three gaps. In the following overview, the different gaps are named and the 

research’s contribution is discussed.  

1. Findings by Curhan (1974) are outdated.  

This research reinvestigated the findings by Curhan (1974) for perishable items. Moreover, Curhan (1974) 

indicated that location quality and display placement were of high importance in determining future 

sales. Besides this statement, Curhan (1974) noted that some product groups did not react on display 

placement. Based on the research’s results can be concluded that the findings by Curhan (1974) are 

partly supported. Moreover, price discount turned out be of high importance in determining future sales, 

while Curhan (1974) thought it was subordinate to display placement. Furthermore, some contradicting 
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results are found for the different product groups when analyzing product placement. More specifically, 

from this research could be learned that display placement for products from the product category 

Meat and Salads [service] does not lead to increased sales. Compared to the results of display 

placement for Dairy products, for which a significant increase in sales was observed.  

2.  Forecasting methods for perishable promotion articles.  

In the literature, many articles can be found on forecasting promotional sales. However, all forecasting 

models are solely based on non perishables. This research investigated the possibility to forecast 

promotional sales of perishables. From the results can be concluded that perishables in promotion can 

accurately be forecasted by a Lift Factor model. As performance indicator, the MAPE value is used. 

Compared to other researches a low MAPE value is achieved by current forecasting model. This research 

can extend the literature with a forecasting model for perishable promotional articles. Furthermore, 

several interesting variables are used to forecast promotional sales. From these results can be 

concluded that perishables and non perishables differently react on some promotion indicators. For 

example, display placement as being discussed above, has a negative effect for Meat and Salads while a 

positive effect is found for Dairy products. This difference indicates that perishables should be 

forecasted in another way that non perishables, and probably cannot be forecasted with one forecasting 

tool. Multiple forecasting tools should be used in order to achieve highest accuracy. The literature can 

be extended with these findings on the differences between perishables and non perishables. 

Furthermore, a new forecasting method specifically for perishables can be added to the existing 

literature. 

3.  Support for threshold point for price discount.  

Many forecasting methods have inserted relative price discount as a linear correlation. Despite of the 

statements by Van Heerde et. al (2001); according to their article, the effect of relative price discount 

was not a linear effect, but a threshold and saturation point should be included. A threshold point is the 

minimum value of price discount required to change consumer’s purchase intention (Gupta et. al, 1992), 

while a saturation point is the point above which the effect of price discount on changes consumer’s 

purchase intention is minimal. This research partly supports the findings by Van Heerde et. al (2001). A 

threshold point was found for perishables around 20% price discount. However, saturation point as 

being indicated by Van Heerde et. al (2001) was not found.  

Conclusion part 4 This part recommended EMTÉ supermarkets to use the LF-model as been 

developed in this research. Moreover, the performance of the LF-model is good and high cost 

reductions can be achieved; expiration date costs can be reduced with 23%. Furthermore, this part 

concludes that the LF model is an extensive forecasting model for perishable items; nevertheless 

some further research should be executed in order to achieve highest performance of the 

promotion process within the organization of EMTÉ supermarkets. 
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Appendix 

From here, several appendices will be displayed in order to complement the writings in the report. For 

each appendix, additional information is given to clarify the appendix. Nevertheless, the report can be 

read without any information given in the appendices.  

Appendix A 
This appendix shows a total list of stakeholders that are questioned during the mapping phase. As can 

be seen, all kind of stakeholders are questioned in order to get a evident overview of current process.  

 

Department Function 

Store Four different supermarket managers 

Store Two different department specialists 

DC 2 managers of a retail DC 

DC 3 different inventory controllers  

Forecasting Specialized demand forecaster 

Inventory management ABS planner  

Operations 2 operational managers 

Purchasing department 3 different purchasers  

Management Team Director M&S Foodretail 

Director Operations Foodretail 

Management information systems Two different business analysts 

Data management Director data management EMTÉ  
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Appendix B 
Current product hierarchy used by EMTÉ 
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The adapted product hierarchy for EMTÉ supermarkets is shown in the beneath figure. Moreover, three 

different product categories are created; Bread and Pastry, Dairy, and Meat and Salads. Each of different 

product group contains some other product groups, as been indicated by EMTÉ’s personnel.  

 

Appendix C 
This appendix shows the different demand week fractions for the different product groups. A difference 

is made between promotional sales and normal sales. These fractions are used to make calculations to 

determine the OOS fraction.  

 

Figure 1 Dairy products 
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Figure  2 Bread and Pastry 

 

Figure  3 Meat and Salads 

Appendix D 
In this appendix, the needed tables are shown to determine the OOS fraction for each product group 

over the different days.  

Table 2 Demand week fraction per product group 

 Monday Tuesday Wednesday Thursday Friday Saturday Sunday 

Brood 14,2% 13,9% 15,6% 17,6% 22,3% 16,0% 0,5% 

Zuivel 9,7% 10,5% 11,7% 15,9% 24,2% 26,9% 1,1% 

Vleeswaren 11,7% 12,3% 13,9% 16,4% 24,7% 20,1% 0,8% 

Average 11,9% 12,3% 13,7% 16,6% 23,7% 21,0% 0,8% 
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Appendix E 
This appendix shows an overview of the z-values for the different variables. Moreover, z-scores are 

labeled as less than 1.96, between 1.96 and 2.58, between 2.58 and 3.29. According to Field (2005) 

values in the last group can be identified as extreme outliers, and should be taken care off.  

 

Liftfactor 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Absolute z-score less than 1.96 2314 95,5 95,5 95,9 

Absolute z-score greater than 1.96 29 2,1 2,1 97,1 

Absolute z-score greater than 2.58 27 1,1 1,1 98,2 

Absolute z-score greater than 3.29 44 1,4 1,4 100,0 

Total 2414 100,0 100,0  

 
 

Previous_Liftfactor 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Absolute z-score less than 1.96 2296 96,9 96,9 96,9 

Absolute z-score greater than 1.96 31 1,3 1,3 98,2 

Absolute z-score greater than 2.58 20 ,8 ,8 99,0 

Absolute z-score greater than 3.29 23 1,0 1,0 100,0 

Total 2370 100,0 100,0  

 
 

EXPIRATION_DATE 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Absolute z-score less than 1.96 2267 96,6 96,6 96,6 

Absolute z-score greater than 1.96 22 0,9 0,9 97,5 

Absolute z-score greater than 2.58 29 1,2 1,2 98,8 

Absolute z-score greater than 3.29 29 1,2 1,2 100,0 

Total 2347 100,0 100,0  

 

 
 
 
 

BASELINE_ 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Absolute z-score less than 1.96 2214 95,5 95,5 95,5 

Absolute z-score greater than 1.96 47 2,1 2,1 97,5 

Absolute z-score greater than 2.58 25 1,1 1,1 98,6 

Absolute z-score greater than 3.29 32 1,4 1,4 100,0 

Total 2286 100,0 100,0  
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Appendix F 
Based on the results in appendix E, this appendix shows the different outliers for the variables LF and 

previous LF. These values will be used in the validation phase, since it is not known on forehand which 

promotion will result in an extreme outlier. Extreme outliers belonging to the validation phase will be 

reused.  

Variable Liftfactor   Variable Previous Liftfactor 

#Article ID Z-Value LF 

763425 6,5116 80,33971 

839789 7,51553 91,26023 

432294 6,53075 80,54806 

3073 3,29004 45,29641 

127747 3,44733 47,00734 

580762 3,86663 51,56846 

126322 5,39425 68,18543 

4788 3,50747 47,66162 

25500 4,40038 57,37446 

960726 3,71437 49,91219 

840112 5,35034 67,70786 

390065 3,62973 48,99153 

474301 6,19041 76,84588 

918957 6,17393 76,66666 

878623 6,58075 81,09196 

760901 4,84251 62,18382 

393283 6,00449 74,82353 

674278 3,73704 50,15873 

898445 3,40497 46,54667 

898453 3,84898 51,3764 

128722 4,67564 60,36859 

120931 3,35703 46,02515 

326362 4,28543 56,12403 

 

  

#Article ID Z-value LF 
3073 3,3971 45,296406 

 103484 3,71427 48,631676 
350523 8,36924 97,581985 
839789 7,76807 91,26023 
350507 7,63152 89,824394 
350523 7,44033 87,813866 
350523 7,31768 86,52411 
350531 7,28122 86,140656 
839789 7,1962 85,24668 
183230 7,11402 84,38252 
432294 6,74938 80,54806 
350523 6,58363 78,80508 
839666 6,52392 78,1771 
350507 6,35865 76,43919 
681961 6,1751 74,50907 
350531 6,02498 72,930466 
183230 5,90992 71,7205 
126322 5,57375 68,185425 
840112 5,52834 67,70786 
270854 5,48959 67,30047 
839789 5,35912 65,92848 
350507 5,35413 65,87596 
350531 5,03817 62,553413 
600737 4,99246 62,072746 
681961 4,97809 61,921665 
600088 4,90197 61,12119 
350507 4,75095 59,53313 
600567 4,73533 59,36886 
261591 4,69563 58,95141 
126322 4,68833 58,87463 
350531 4,61634 58,11761 
839810 4,59556 57,899082 
261431 4,5623 57,54927 

25500 4,54567 57,374462 
270854 3,97316 51,354073 
674278 3,85949 50,15873 
960726 3,83604 49,912186 
126322 3,78547 49,380363 
390065 3,74849 48,99153 
127789 3,66308 48,09341 
270854 3,61673 47,60591 
531247 3,565 47,062023 
709971 3,55394 46,945713 
427105 3,35441 44,847485 
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Appendix G  
This section gives the graphical representation of the different transformations. As can be seen, the 

variables Liftfactor, Previousliftfactor, and Baseline sales are both better fitted in a normal distribution 

when a LN transformation is applied. For the other two variables, a LOG10 transformation is applied.  
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Appendix H  
This appendix gives an overview of the different product groups, and the variables as being discussed for 

the total dataset.  

 

 

            Figure 4 overview location quality and display vs. LF 

 

Dairy products 

 0-25% 25-50% 50-75% 75-100% 

Baseline 14,3 11,4 7,4 5,8 
Discount (%) 6,7 7,7 10,9 20,0 
Non-promo price 19,2 9,4 9,3 10,5 
Experience Date 11,3 11,8 9,6 13,4 

 

Meat and Salads [Service] 

 

 

 

 

Meat and Salads [Prepackaged] 

 0-25% 25-50% 50-75% 75-100% 

Baseline 10,9 6,5 5,4 3,7 
Discount (%) 4,8 7,7 8,3 7,8 
Non-promo price 7,4 8,2 8,1 7,0 
Expiration Date 10,4 8,8 6,4 6,3 
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 0-25% 25-50% 50-75% 75-100% 

Baseline 9,5 6,6 4,3 2,2 
Discount (%) 3,5 4,1 6,1 17,1 
Non-promo price 3,9 5,1 7,9 9,5 
Expiration date 2,9 4,0 9,0 14,0 
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Bread and Pastry 

 0-25% 25-50% 50-75% 75-100% 

Baseline 9,0 8,5 4,5 3,3 
Discount (%) 7,3 6,5 8,1 10,0 
Non-promo price 4,9 7,7 11,2 8,8 
Expiration Date 6,3 9,3 8,8 6,6 

 

Appendix I 
In this appendix the different assumptions are verified. As discussed in the main text, only dataset 1 will 

be tested. Verification for the other datasets will be based on this result.  

Normality of dependent variable 

Section 5.3 discussed the transformation of the dependent variable; a LN-transformation was applied to 

meet the normality assumption 

Normality of error distribution  

The following two figures show that the errors are normally distributed.  

 

Homoscedasticity  

Based on the following scatterplot, no problems occur when analyzing this assumption.  
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Multicollinearity  

Within a regression model, it is possible that variables are strongly correlated and limits the size of R. 

Furthermore, it makes it difficult to assess the importance of an individual predictor, therefore 

Multicollinearity should be prevented. To check for Multicollinearity, the variance inflation factor (VIF) 

should be analyzed. Myers (1990) suggests that a value of 10 indicates Multicollinearity. Furthermore, 

an average VIF value significantly higher than 1 can bias the model (Bowerman & O’Connell, 1990). An 

average VIF value of 1.632 is found for the dataset excluding bread, and a maximum value of 2.490 is 

observed. For the full regression model, an average VIF value of 2.029 is found and a maximum of 5.674.  

Indicating that this assumption is met as well.  

 

Independent errors 

This assumption checks the correlation between errors; errors should not be correlated. This 

assumption will be tested with a Durbin-Watson test, which checks for serial correlation between errors. 

A Durbin-Watson test has a value between 0 and 4, where 2 indicate independent errors. In our dataset, 

a value of 1.923 is found for the full dataset.  

Linearity  

For all variables a scatter plot is created, which shows a linear relationship between the independent 

variables and the dependent variable. Based upon these scatter plots, for all independent variables a 

linear correlation is found.  
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Appendix J 
The figure beneath gives a good graphical representation of the threshold point. Around 20% the effect 

of price discount can be observed, the B-coefficient is higher than 0, indicating that the variable 

positively affects the LF.  
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Appendix K 
In this appendix, the full models for regression model 1 and regression model 2 are shown. The standard 

error, tolerance and VIF factors are shown as well.  

Regression model 2 

  Coefficients
a
         

  
Unstandardized Coefficients 

Standardized 
Coefficients Collinearity Statistics 

  B Std. Error Beta Tolerance VIF 

(Constant) 1,464 ,110       

LN(PLF) ,567 ,019 ,563 ,484 2,065 

Folder? ,488 ,035 ,198 ,825 1,211 

50-60% ,662 ,052 ,201 ,650 1,539 

#items in subcategory -,022 ,002 -,169 ,602 1,660 

NON DRINK DISPLAY ,228 ,028 ,147 ,508 1,967 

LN(BASE) -,139 ,013 -,166 ,700 1,429 

Meat and Salads [Service] Display -,144 ,049 -,048 ,631 1,586 

Log10(DEFAULT) -,403 ,073 -,080 ,777 1,288 

40-50% ,326 ,038 ,163 ,451 2,216 

2 for_Meat_Salads ,114 ,035 ,049 ,744 1,345 

30-40% ,170 ,031 ,104 ,445 2,247 

Buy 1, get one Free MEAT -,282 ,052 -,085 ,672 1,489 

Easter MEAT ,571 ,088 ,112 ,560 1,787 

Meat and Salads Service -,242 ,038 -,128 ,402 2,490 

Summer NON Meat ,151 ,041 ,050 ,924 1,083 

#days of Rain -,019 ,005 -,050 ,885 1,130 

Saving Action Dairy ,176 ,050 ,050 ,834 1,199 

P4 -,181 ,047 -,057 ,748 1,338 

PK -,068 ,024 -,043 ,718 1,392 

20-30% ,059 ,029 ,038 ,457 2,190 

 
average VIF 1,632 
maximum VIF 2,490 
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Regression model 1  

  
  

Coefficients
a
 

  
 

Unstandardized Coefficients 
Standardized 
Coefficients Collinearity Statistics 

  B Std. Error Beta Tolerance VIF 

(Constant) 1,569 ,097       

LN(PLF) ,555 ,016 ,553 ,535 1,867 

50-60_NON_Bread ,617 ,048 ,174 ,779 1,284 

Display [Dairy, non drink] ,219 ,030 ,134 ,411 2,435 

#items in subcategory non 
Bread 

-,023 ,002 -,226 ,353 2,836 

Voucher NON BROOD ,500 ,034 ,319 ,298 3,352 

LN(BASE) -,145 ,011 -,188 ,658 1,519 

Voucher BROOD ,613 ,051 ,342 ,173 5,764 

Display [Meat and Salads, 
service] 

-,141 ,050 -,042 ,626 1,598 

40-50_NON_BREAD ,299 ,032 ,137 ,649 1,540 

buy 1, get one MEAT -,280 ,055 -,076 ,648 1,543 

Log10(DEFAULT) -,246 ,062 -,058 ,670 1,493 

30-40_NON_Bread ,128 ,025 ,073 ,724 1,381 

2 for MEAT ,141 ,042 ,055 ,529 1,892 

Meat and Salads Service -,305 ,041 -,148 ,365 2,740 

Easter MEAT ,572 ,090 ,099 ,591 1,692 

#items in subcategory 
Bread 

-,030 ,005 -,154 ,252 3,972 

40-50 BROOD ,243 ,057 ,056 ,822 1,216 

Snack ,193 ,051 ,049 ,844 1,186 

Summer [Dairy] ,140 ,042 ,041 ,916 1,092 

P4 NON Bread -,218 ,049 -,062 ,753 1,328 

PK NON Bread -,091 ,026 -,054 ,616 1,622 

10-20 BROOD -,118 ,043 -,039 ,724 1,381 

#days of Rain -,014 ,005 -,036 ,898 1,113 

Saving Action Dairy ,142 ,051 ,036 ,845 1,184 

Salads Prepackaged -,079 ,039 -,042 ,331 3,021 

 

 

 



  
 

Appendix L 
Correlation matrix model WO Bread 
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LN(PLF) 1,000 -,264 -,142 ,028 -,346 ,409 ,045 ,122 -,199 

Voucher -,264 1,000 ,046 -,019 -,119 -,177 -,134 ,028 ,031 

50-60% -,142 ,046 1,000 ,190 -,072 ,004 -,059 -,086 ,461 

#items in subcategory ,028 -,019 ,190 1,000 -,160 ,067 -,095 ,025 ,130 

Display [Dairy, non drink] -,346 -,119 -,072 -,160 1,000 -,136 ,019 ,011 -,037 

LN(BASE) ,409 -,177 ,004 ,067 -,136 1,000 -,009 ,280 -,036 

Display [Meat and salads, service] ,045 -,134 -,059 -,095 ,019 -,009 1,000 ,019 -,009 

Log10(DEFAULT) ,122 ,028 -,086 ,025 ,011 ,280 ,019 1,000 -,023 

40-50% -,199 ,031 ,461 ,130 -,037 -,036 -,009 -,023 1,000 

2 for_Meat_Salads ,085 -,095 ,002 ,118 ,284 ,006 ,001 -,005 -,003 

30-40% -,091 -,031 ,414 ,079 ,035 ,041 -,026 -,104 ,578 

Buy 1, get one Free MEAT ,063 -,045 -,337 -,196 ,256 -,047 ,030 -,066 -,331 

Easter MEAT ,054 -,079 -,077 -,525 ,062 ,001 ,267 -,062 -,047 

Meat and Salads Service ,232 -,060 -,017 ,304 ,132 ,179 -,504 -,082 -,137 

Summer NON Meat ,025 ,064 ,061 -,032 -,117 ,068 -,001 ,106 ,061 

#days of Rain -,028 -,042 -,009 -,003 ,073 -,014 -,004 ,001 ,058 

Saving Action Dairy ,045 -,034 ,133 ,055 -,223 ,065 -,003 -,084 ,124 

P4 ,256 -,087 -,038 -,057 -,168 ,098 ,006 -,140 ,041 

PK ,284 -,011 ,014 ,010 ,029 ,002 -,025 ,057 ,131 

20-30% -,077 ,028 ,424 ,083 -,104 -,045 ,024 -,131 ,565 
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LN(PLF) ,085 -,091 ,063 ,054 ,232 ,025 -,028 ,045 ,256 ,284 -,077 

Folder? -,095 -,031 -,045 -,079 -,060 ,064 -,042 -,034 -,087 -,011 ,028 

50-60% ,002 ,414 -,337 -,077 -,017 ,061 -,009 ,133 -,038 ,014 ,424 

#items in subcategory ,118 ,079 -,196 -,525 ,304 -,032 -,003 ,055 -,057 ,010 ,083 

Display [Dairy, non drink] ,284 ,035 ,256 ,062 ,132 -,117 ,073 -,223 -,168 ,029 -,104 

LN(BASE) ,006 ,041 -,047 ,001 ,179 ,068 -,014 ,065 ,098 ,002 -,045 

Display [Meat and salads, service] ,001 -,026 ,030 ,267 -,504 -,001 -,004 -,003 ,006 -,025 ,024 

Log10(DEFAULT) -,005 -,104 -,066 -,062 -,082 ,106 ,001 -,084 -,140 ,057 -,131 

40-50% -,003 ,578 -,331 -,047 -,137 ,061 ,058 ,124 ,041 ,131 ,565 

2 for_Meat_Salads 1,000 ,019 ,181 -,053 ,284 ,040 ,029 -,011 ,106 ,295 -,031 

30-40% ,019 1,000 -,038 -,001 -,107 -,005 ,051 ,117 ,050 ,118 ,654 

Buy 1, get one Free MEAT ,181 -,038 1,000 ,098 ,138 -,006 ,001 -,058 ,060 ,095 -,059 

Easter MEAT -,053 -,001 ,098 1,000 -,406 ,020 -,206 ,012 ,036 ,007 -,033 

Meat and Salads Service ,284 -,107 ,138 -,406 1,000 ,039 -,018 ,018 ,105 ,148 -,101 

Summer NON Meat ,040 -,005 -,006 ,020 ,039 1,000 -,041 ,004 -,024 -,040 ,023 

#days of Rain ,029 ,051 ,001 -,206 -,018 -,041 1,000 -,110 ,123 -,009 ,004 

Saving Action Dairy -,011 ,117 -,058 ,012 ,018 ,004 -,110 1,000 -,167 -,036 ,119 

P4 ,106 ,050 ,060 ,036 ,105 -,024 ,123 -,167 1,000 ,255 -,010 

PK ,295 ,118 ,095 ,007 ,148 -,040 -,009 -,036 ,255 1,000 ,000 

20-30% -,031 ,654 -,059 -,033 -,101 ,023 ,004 ,119 -,010 ,000 1,000 
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Correlation matrix Full model 
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LN(PLF) 1,000 -,110 -,288 ,020 -,245 ,376 -,315 ,043 -,155 ,050 ,074 

50-60_NON_Bread -,110 1,000 ,008 ,153 -,026 ,022 ,130 -,066 ,271 -,355 -,049 

Display [Dairy, non drink] -,288 ,008 1,000 -,144 -,218 -,116 ,151 ,024 -,036 ,153 -,048 

#items in subcategory non Bread ,020 ,153 -,144 1,000 -,124 ,080 ,216 -,078 ,080 -,195 ,007 

Voucher NON BROOD -,245 -,026 -,218 -,124 1,000 -,117 ,305 -,113 -,019 ,006 ,023 

LN(BASE) ,376 ,022 -,116 ,080 -,117 1,000 -,280 -,011 ,019 -,037 ,342 

Voucher BROOD -,315 ,130 ,151 ,216 ,305 -,280 1,000 -,075 ,109 -,029 -,223 

Display [Meat and Salads, service] ,043 -,066 ,024 -,078 -,113 -,011 -,075 1,000 -,016 ,028 ,021 

40-50_NON_BREAD -,155 ,271 -,036 ,080 -,019 ,019 ,109 -,016 1,000 -,331 ,057 

buy 1, get one MEAT ,050 -,355 ,153 -,195 ,006 -,037 -,029 ,028 -,331 1,000 -,036 

Log10(DEFAULT) ,074 -,049 -,048 ,007 ,023 ,342 -,223 ,021 ,057 -,036 1,000 

30-40_NON_Bread -,047 ,177 ,077 ,008 -,082 ,094 ,079 -,046 ,333 ,020 -,006 

2 for MEAT ,059 -,065 ,011 ,071 -,014 ,038 ,015 ,010 ,062 ,254 ,046 

Meat and Salads Service ,179 ,065 ,265 ,264 -,154 ,130 ,129 -,480 -,127 ,048 -,129 

Easter MEAT ,061 -,052 ,052 -,499 -,021 -,008 -,137 ,258 ,001 ,087 -,046 

#items in subcategory Bread ,128 ,056 ,010 ,167 ,117 ,095 -,475 -,040 ,043 -,014 -,002 

40-50 BROOD -,097 ,014 ,031 ,015 ,047 -,051 -,073 -,007 ,023 -,007 ,043 

Snack -,092 ,033 ,036 ,044 ,063 -,012 ,018 -,017 ,028 -,010 -,042 

Summer [Dairy] ,015 ,062 -,089 -,052 ,047 ,063 ,007 ,001 ,050 -,011 ,083 

P4 NON Bread ,224 -,012 -,091 -,069 -,095 ,069 -,013 ,007 ,062 ,026 -,131 

PK NON Bread ,227 ,069 ,182 -,047 -,125 -,009 ,107 -,016 ,122 ,011 -,030 

10-20 BROOD ,049 ,042 ,004 ,082 ,048 ,101 -,123 -,024 ,016 -,008 -,120 

#days of Rain -,018 -,015 ,093 ,010 -,045 -,008 -,015 -,004 ,048 ,005 ,033 

Saving Action Dairy ,046 ,091 -,201 ,043 -,029 ,057 -,003 -,005 ,079 -,049 -,052 

Salads Prepackaged -,005 ,138 ,395 -,002 -,193 -,048 ,124 -,001 -,098 -,204 -,122 
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LN(PLF) -,047 ,059 ,179 ,061 ,128 -,097 -,092 ,015 ,224 ,227 ,049 -,018 ,046 -,005 
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#items in subcategory non Bread ,008 ,071 ,264 -,499 ,167 ,015 ,044 -,052 -,069 -,047 ,082 ,010 ,043 -,002 

Voucher NON BROOD -,082 -,014 -,154 -,021 ,117 ,047 ,063 ,047 -,095 -,125 ,048 -,045 -,029 -,193 

LN(BASE) ,094 ,038 ,130 -,008 ,095 -,051 -,012 ,063 ,069 -,009 ,101 -,008 ,057 -,048 
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Display [Meat and Salads service] -,046 ,010 -,480 ,258 -,040 -,007 -,017 ,001 ,007 -,016 -,024 -,004 -,005 -,001 

40-50_NON_BREAD ,333 ,062 -,127 ,001 ,043 ,023 ,028 ,050 ,062 ,122 ,016 ,048 ,079 -,098 

buy 1, get one MEAT ,020 ,254 ,048 ,087 -,014 -,007 -,010 -,011 ,026 ,011 -,008 ,005 -,049 -,204 

Log10(DEFAULT) -,006 ,046 -,129 -,046 -,002 ,043 -,042 ,083 -,131 -,030 -,120 ,033 -,052 -,122 

30-40_NON_Bread 1,000 ,084 -,104 ,045 ,060 ,006 ,022 -,032 ,061 ,111 ,038 ,054 ,054 -,096 

2 for MEAT ,084 1,000 ,019 -,022 ,037 ,000 ,001 ,005 ,019 ,027 ,011 ,009 ,004 -,542 

Meat and Salads Service -,104 ,019 1,000 -,385 ,151 -,015 ,024 ,047 ,114 ,216 ,094 ,023 ,010 ,340 

Easter MEAT ,045 -,022 -,385 1,000 -,099 -,018 -,024 ,028 ,040 ,032 -,027 -,189 ,012 -,011 

#items in subcategory Bread ,060 ,037 ,151 -,099 1,000 -,123 -,080 ,023 ,067 ,135 ,031 ,083 ,006 ,072 

40-50 BROOD ,006 ,000 -,015 -,018 -,123 1,000 ,127 ,004 -,028 -,008 ,170 ,000 -,009 ,003 

Snack ,022 ,001 ,024 -,024 -,080 ,127 1,000 ,004 -,011 ,006 -,132 -,025 ,004 ,021 

Summer [Dairy] -,032 ,005 ,047 ,028 ,023 ,004 ,004 1,000 -,014 -,032 ,006 -,023 ,000 ,044 

P4 NON Bread ,061 ,019 ,114 ,040 ,067 -,028 -,011 -,014 1,000 ,272 ,040 ,118 -,178 ,117 

PK NON Bread ,111 ,027 ,216 ,032 ,135 -,008 ,006 -,032 ,272 1,000 ,051 ,022 -,040 ,345 

10-20 BROOD ,038 ,011 ,094 -,027 ,031 ,170 -,132 ,006 ,040 ,051 1,000 -,041 ,023 ,041 

#days of Rain ,054 ,009 ,023 -,189 ,083 ,000 -,025 -,023 ,118 ,022 -,041 1,000 -,097 ,057 

Saving Action Dairy ,054 ,004 ,010 ,012 ,006 -,009 ,004 ,000 -,178 -,040 ,023 -,097 1,000 -,021 

Salads Prepackaged -,096 -,542 ,340 -,011 ,072 ,003 ,021 ,044 ,117 ,345 ,041 ,057 -,021 1,000 
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