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Abstract 

This master thesis project is executed at Royal Friesland Campina N.V. which faces problems with 
accurately forecasting promotion demand for the Dutch branded retail market. Initial analysis of the 
root causes has indicated that most potential for improvement can be obtained by analyzing the 
methodology of forecasting. Currently, a judgemental forecasting method is used to estimate future 
promotion demand. Moreover, not one common approach is used by the forecasting staff. Historical 
promotion data is consulted to create a forecast. During this research, a lift factor model is developed 
in order to predict the lift factor for products on promotion at a specific retailer. Initially, a model is 
developed to predict shopper demand as this is an important driver for the ordering behavior of 
retailers. Prais Winsten regression is used to develop a model which is easy to use and understandable 
for the practitioners at FrieslandCampina. An exploration between the shopper demand and retailer 
demand has indicated that a structural difference exists between the amount of products ordered by 
the retailers and the amount of products sold to shoppers during promotions. Most of the predictors to 
predict the shopper promotion demand lift factor can be used to estimate the retailer demand lift factor 
quite well. Besides the development of a forecasting model, the results of the significance and 
strength of the individual predictor variables can be used to define promotions more effective. It is 
indicated that a substantial improvement in forecast accuracy for FrieslandCampina can be obtained 
by changing the forecasting methodology for promotions. 
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Management Summary 

The research for this master thesis is executed at Royal FrieslandCampina N.V. for which promotions 
with branded products are one of the means to compete with the upcoming retail brand products in the 
retail market in the Netherlands. Competition in the Fast Moving Consumer Goods industry is mainly 
focused on product availability (Corsten & Gruen, 2003) which is of great importance during 
promotions and FrieslandCampina aims to deliver the right amount of the requested products to their 
customers at the lowest costs. Currently, problems are faced with the efficient and effective planning 
and handling of promotions resulting in both out of stocks and waste. This research aims to improve 
current performance.  
 
Problem definition 

Based on initial analysis, four groups of root causes are distinguished that result in inaccurate 
promotion forecasts. First, the problems faced are caused by the complexity of the internal processes. 
The different promotion processes executed because of different cooperation with retailers and the 
restrictions of the own supply chain are of importance here. Second, the retailer dependency with 
respect to promotions is an important factor for promotion handling. Third, data availability and 
promotion supporting tools seem insufficient considering the high amount of promotions for different 
retailers. Fourth, the forecasting methodology used to predict promotion demand is affecting the 
performance of promotions. 
 
After analyzing the potential for improvement of the root causes, it was decided to focus on 
improving the forecasting methodology in order to increase the forecast accuracy of promotion 
demand. Currently, promotion forecasts are solely based on judgemental forecasts. Sales managers 
and demand planners base their prediction on historical information. 
 
The main research question is: “How can the forecasting method for promotions of BrandedNL 
products of Royal Friesland Campina be improved in order to obtain more accurate forecasts?” 
 
Two observations are of importance. First, retailer orders seem to be a derivative of the shopper 
demand. Second, FrieslandCampina ultimately aims to subsidize promotion sales to shoppers only 
instead of unnecessarily giving discount on products to retailers which are sold for regular price. 
Based on these aspects, it was decided to mainly focus on developing a shopper demand forecasting 
model first. Subsequently, the relationship and predictive performance of the model on retailer 
promotion demand was investigated. 
 
Research design 

During the research design, the scientific model is developed to forecast promotional sales. The 
forecasting models discussed in scientific literature are used as basic input for this model (Cooper et 
al., 1999), (Van Loo, 2006), (Van der Poel, 2010), (Van den Heuvel, 2009). Where most of the 
models are developed from the retailers’ point of view, the research of Van der Poel (2010) is, similar 
to the current research, one of the few shopper demand promotion forecast models build from the 
manufacturer point of view. Besides insights from literature, expert interviews with sales managers, 
demand planners, shopper marketers and experts from commercial parties GfK and IRI are conducted 
in order to add potential predictors of promotion demand which have not been investigated in 
previous research. An overview of the potential predictors taken into account is shown in Figure 1. 
 
The distinctive aspects of the current model are the addition of competitor and thereby substitution 
measures. In addition, investigating the effect of psychological prices and whether a promotion is part 
of a theme week are distinctive features in this research. Besides, by taking into account the shopper 
characteristic percentage households with children, new insights can obtained compared to previous 
research. Lastly, the addition of the more specified display variable is new. 
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Prais Winsten regression is used to obtain the model results. A regression technique is chosen because 
of the practical requirements that the model should be easy to use and understand by practitioners.  
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Figure 1 Scientific model to forecast the lift factor of a promotion 
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Results 

To scope the research, a selection is made in both the products and retailers taken into account. The 
criteria the number of promotions, promotion pressure, total sales volume and data availability are 
used to select. The brands taken into account are: Boerenland, Campina desserts, Chocomel, Fristi, 
Coolbest, DubbelFrisss, Mona desserts and Optimel. The retailers in scope are Albert Heijn, COOP, 
EMTE, Hoogvliet and Plus. Besides predicting the model on the complete dataset including all 
retailers and brands, 12 sub models were developed on subsets of the total dataset in order to find the 
best model. The data splits were made as it was suggested that dependent on the product type 
probably better models could be estimated on datasets with product group specific data only or based 
on more general datasets existing of multiple product groups (Van Donselaar, Peters, de Jong, & 
Broekmeulen, 2015). Data splits were made based on the product categories, shelf life and for retailer 
Albert Heijn specifically as it is the retailer with highest promotion volumes. In addition, separate 
models are made for fast movers and slow movers. The initial models developed with main effects 
only were extended with potentially improving interactions. The results indicate that the best 
performing model for all products is the model estimated on the dataset with all products and retailers 
included. Based on the performance on the validation set, a MAPE of 26.68% and a minimal average 
bias of 0.87% indicate that the model performs quite well. Compared the performance of forecasting 
models developed from the retailer point of view, it can be concluded that FrieslandCampina can 
predict shopper demand with a comparable performance as retailers (Van Loo, 2006), (Peters, 2012). 
Only the model of Van Donselaar et al. (2015) performs better.  
 
Exploration of the relationship between the retailer orders and shopper demand during promotions 
endorses the idea of the structural difference in amount ordered by the retailer and sold to shoppers 
during promotions. Differences exist in the extent to which retailer demand exceeds shopper demand 
which is worth to investigate further. To predict the retailer demand lift factor, a new model from 
scratch was build based on the scientific model predictors used for the shopper demand model. 
Besides, the regression coefficients of the best model performing to predict the shopper demand lift 
factor were re-estimated for the retailer model. With a MAPE of 25.57% and a small structural 
overestimation given the bias of -1.70%, it can be concluded that the model developed can predict 
retailer demand lift factor to a similar extent as shopper demand.  
 
The results indicate that amongst the most important predictors for both the shopper demand and 
retailer demand lift factor are the previous lift factor, the relative price discount, the percentage 
volume sold by stores with a second placement, the purchase frequency of the product and the 
percentage growth in selling stores between regular demand and during promotion weeks. Noteworthy 
is the result that an unknown competitor promotion at the retailer in the same week as a 
FrieslandCampina promotion only slightly negatively affects the lift factor. 
 
Conclusion and recommendations 

The results show that FrieslandCampina can forecast the future shopper lift factor to a similar extent 
as retailers. This is beneficial when discussing upcoming promotions with retailers as the dependency 
on the retailer forecast reduces. In addition, it can be concluded that the main drivers to predict future 
shopper promotion demand can be used to predict the future retailer promotion demand lift factor as 
well. 
 
To gain insight into the improvement in forecast accuracy when using the model developed to predict 
retailer orders compared to the current situation, Figure 2 shows the substantial difference in 
distribution of percentage promotions with certain forecast accuracy. Moreover, overall MAPE 
decreases from 58.9% to 25.7%. FrieslandCampina can benefit from the results obtained in this 
research as more accurate forecasts reduce the amount of out-of-stocks and waste.  
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Figure 2 Comparison of the initial situation with the forecast accuracy obtained by the model 
developed 
 
Based on the insights obtained, the following aspects are recommended to FrieslandCampina. 
First, since substantial gain in forecast accuracy can be achieved, it is recommended to change the 
current judgemental forecasting method to a combined approach of both statistical and judgemental 
forecasting. The forecast suggested by the forecasting model developed should be evaluated by 
forecasters afterwards in order to reach highest forecast accuracy. To be able to use the model in 
practice, several steps should be taken. The most important step is creating a user friendly and 
sustainable database to have all the input data for the model together. In addition, a tool is desired that 
direction loads the known data in the forecasting model. Besides, roles and responsibilities to ensure 
reliable and updated data need to be decided on. 
 
Second, it is suggested to intensify the cooperation with all retailers during promotions. Reliable input 
data from retailers will improve the forecasts made. Especially for the significant variables volume 
sold by stores with a second placement and percentage growth in selling stores of a product between 
regular demand and during promotion weeks, cooperation with retailers needs to be extended. Little 
information is currently shared about these aspects. Especially the latter variable has not been taken 
into account before. 
 
Third, it is recommended to use the insights on the significance of the individual predictors of the 
model to improve the definition of promotions. The results indicate that it is better to invest in 
advertisement place in the leaflet instead of the size of the advertisement. Moreover, second 
placements have been shown an import driver of promotional volume. Contrary, no support is found 
for the retailers’ claim that promotions during theme weeks and saving campaigns perform better due 
to increased traffic. 
 
Lastly, besides evaluation of individual promotions, it is important to be aware of the fact that a 
higher number of promotions with a product positively affect the lift factor. It is recommended to take 
into account expected cannibalization of base demand and investigate the optimum number of 
promotions in order to maximize company profit. 
 
To conclude, a forecasting model to predict the future promotional shopper demand from the 
manufacturer point of view is developed. The performance of this model is comparable with the 
forecasting performance of retailers. Moreover, the main drivers to predict shopper demand have been 
shown of importance to predict future retailer demand as well. Adjusting the current judgemental 
forecasting method to a combined approach of both statistical and judgemental forecasting will 
improve future performance. Results indicate drastically increase in forecast accuracy. Besides, the 
effectiveness of promotions can be improved by smartly defining promotions based on the insights 
obtained in this research.  
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1. Structure of report 

The structure of this report is based on the regulative cycle by Van Strien (1986). However, the model 
results and adaptions are combined as already adaptions have been made during the execution of the 
research design. The adapted cycle is shown in Figure 3. 
 

 
Figure 3 Adapted regulative cycle of Van Strien (1986) 
 
The first part of this report consists of the problem definition. The research environment and the 
problems faced are presented. An initial analysis has led to the final research direction. The second 
part consists of the research design and presents the methodology used to solve the problem 
formulated. The scientific framework developed as input for the forecasting model is discussed here. 
The third part of the report discusses the results obtained. The last part of the research provides the 
conclusions and managerial insights.  
 

Part 1: Problem definition 

In this part, first the research environment is presented. Second, 
the problems faced are discussed and based on an initial analysis 
the direction for further research is chosen. Lastly, the problem 
definition is described. 
 

2. Company description 

This research is conducted at Royal FrieslandCampina N.V. After multiple mergers and acquisitions, 
two big dairy firms remain in the Dutch market: Campina and Royal Friesland Foods. The merge of 
those companies in 2009 resulted in one of today’s world’s leading dairy companies. The leading 
character is endorsed by yearly revenue of 11.3 billion euros in 2014, facilities in 32 countries, export 
to over 100 countries and millions of daily consumers. The company aspires to be the most 
successful, professional and attractive global dairy company for its stakeholders: member dairy 
farmers, employees, customers, consumers and society (FrieslandCampina Corporate 
Communication, 2014). FrieslandCampina is fully owned by its 19,054 member dairy farmers from 
the Netherlands, Belgium and Germany who are grouped together in “Zuivelcoöperatie 
FrieslandCampina U.A.”. FrieslandCampina should maximize the value of the milk delivered by the 
farmers. Four business groups (BG) can be distinguished each serving its own markets with its own 
products. In the BGs, several operating companies (OpCos) can be distinguished making business in 
specific markets. A visual representation of the company structure can be found in Figure 11 of 
Appendix (App.) 1. 
 
This research is executed for the OpCo Branded NL, more specially the department demand planning 
at OpCo BrandedNL. This OpCo supplies the Dutch market with a range of branded dairy products, 
juices and fruit drinks. The most important market developments in this market are revenues decrease; 
volumes under pressure due to high dairy prices and exchange rates, the strong emergence of retail 
brands and the declining dairy market in the Netherlands (Royal FrieslandCampina N.V., 2015). 
Promotions with branded products are one of the means to compete with the upcoming retail brand 
products in the retail market in the Netherlands. The importance of promotions for FrieslandCampina 
is endorsed by the promotion pressure of branded products in the different categories at the different 
retailers in the Dutch market. The promotion pressure percentage represents the percentage volume 
sold realized by promotions. Results are shown in Table 1 for the three major customers Albert Heijn, 
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Jumbo Group Holding and SuperUnie. Competition in the Fast Moving Consumer Goods industry is 
mainly focused on product availability (Corsten & Gruen, 2003) which is of great importance during 
promotions and FrieslandCampina wants to deliver the right amount of the requested products to their 
customers at the lowest costs.  
 

Table 1 Promotion pressure 2014 per category/retailer based on shopper demand (Source IRI) 

 
 

3. Problem introduction 

In this section, the initial analysis on the problems and problem choice are described. In addition, 
relevant scientific literature is discussed. Finally, the research problem is defined. 
 
3.1. Analysis of the problems 

Given the growing importance of promotions, efficient and effective handling of promotions is of 
great importance in order to reach the service level targets at the lowest costs. However, 
FrieslandCampina faces problems with this handling. Besides out-of-stocks of products on 
promotions, waste occurs due to poor sales during promotions and the inability to completely sell 
these rest products to other customers due to limited shelf-life and sometimes due to overstock 
because of high lift factors.  
 
This research has started with the mapping of the problems with respect to promotions. For each of 
the retailers, the steps in the promotion process are different. Multiple employees from different 
departments in the organization are interviewed in order to investigate the problems regarding 
promotions in the Dutch market. It should be noted that no specific supply chain was chosen during 
the interviews, the problems represent the general concerns with respect to promotions leading to 
inefficient and ineffective handling of promotions. The results are presented in the root-cause diagram 
in Figure 4 and a short elaboration is given in this section. 
 
3.1.1 Internal processes 
Looking at the internal processes, one can conclude that several aspects can be identified that cause 
the inefficient and ineffective performance on handling promotions. The agreements differ with the 
different retailers resulting in different processes and timings. Even for a specific retailer, different 
ways of handling promotions by the sales account managers and the demand planners exist. This 
increases complexity in the processes and no uniform best practice is used. In addition, no 
standardized and uniform evaluation process of promotions exists that should ensure that evaluations 
are complete, documented and used as input for estimating future promotion volumes. Additionally, 
information in the promotion database is not always updated based on new information. For example, 
when the new yearly promotion planning is finished the complete database should be updated. 
Problems occur when old or adjusted promotions remain in the system. Another problem affecting the 
handling of promotions are the restrictions of the own supply chain. For some products, production 
frequency and lead time require that all products are produced before the start of the promotion period 
for the shopper, making corrective actions based on new insights impossible.  
 
3.1.2 Forecasting 
An important aspect of the promotion process is the estimate of the volumes sold. An accurate 
forecast is an important aspect that can help in reaching the target service level at the lowest cost. 
Several aspects with respect to the forecasting process can be mentioned. First, forecasts are made by 
human without support from a mathematical model.  

Category Albert Heijn Jumbo Group Holding SuperUnie

Dairy Fresh 34,4% 22,1% 19,8%

Dairy Ambient 27,0% 18,4% 22,2%

Juices Cooled 42,3% 30,3% 36,6%

Juices Ambient 42,1% 44,0% 42,6%
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Figure 4 Root-cause diagram 
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This is in line with many organizations which heavily rely on unstructured judgement instead of 
statistical forecasts for promotion and advertising forecasts (Fildes & Goodwin, 2007). However, 
research has shown that serious biases may occur when only a judgemental forecast is used. Examples 
are overconfidence of people resulting in groupthink (Armstrong, 2001) and the identification of false 
patterns in random movements (Fildes & Goodwin, 2007). The data used to support the decision 
exists of actual shopper demand, ex-factory data and promotion mechanism details of previous 
promotions for a specific retailer. However, no support of mathematical forecasts is used. Second, the 
account managers focus on the information available for the specific retailer of interest. Information 
of promotions of other retailers seems rarely used which might give interesting insights that retailers 
do not know based on the limited information of their own supply chain. Third, the role of the demand 
planner is to challenge the forecast made by the sales department. However, details of the promotions 
such as the action mechanism are regularly empty fields in the promotion database making it 
impossible to challenge based on all available information. Lastly, taking into account forward buy, 
inventory in the supply chain and the different loading and discount periods per retailer and categories 
create more complexity and lead to inefficient handling of promotions since discount is given to 
products which are not sold for promotion price to the shopper.  
 
3.1.3 Retailer dependency 
Inefficient handling of promotions is also caused by the power of retailers. Although the retailer and 
manufacturer agree on a draft promotion planning with concepts and promotion weeks, flexibility of 
FrieslandCampina is required since many adjustments are requested until a few weeks for the 
promotion week intended. Moreover, the negotiations of sales with all the retailers about the yearly 
promotion planning are in some cases finished late which can result in extra changes that might have 
been unnecessary. In addition, the level of cooperation with retailers differs resulting in various types 
of information sharing. However, only for the few retailers where vendor managed inventory is 
applied, information about stock levels is shared which might be of great benefit for 
FrieslandCampina. Lastly, forward buy of retailers and discount periods for retailers that are longer 
than the promotion period of the shopper lead to extra costs and inefficient promotions as discount is 
given to the retailer that is not given to the shopper. Moreover, those aspects make interpretation of 
the retailer forecast harder. 
 
3.1.4 Data and tools 
Information about the characteristics of promotions is not always filled out in the promotion tool. This 
is due to the fact that multiple sources of information about promotions exist which enhances 
complexity and the risk that not everybody has the desired information at the right moment. In 
addition, limited tools exists that support easily checking and challenging of promotions in the 
system. Due to the high amount of promotions that account managers and demand planners have to 
manage, it is time-consuming to tune and challenge all the forecasts made with the current tools in 
order to get a forecast that all parties fully support. 
 
3.2. Problem choice 

Since all supply chains and the level of cooperation with retailers differ, it is necessary to make a 
selection to create a specific case and supply chain. Multiple interviewees have emphasized that 
promotions of Albert Heijn are most crucial and hard to manage. First, it is shown in Figure 5 that in 
the total market, the biggest market share is for Albert Heijn. Second, the number of promotions is the 
highest at Albert Heijn compared to all other independent retailers. Third, the realized volume sold 
during promotions is highest at Albert Heijn. Lastly, the service level over 2014 was lowest for Albert 
Heijn compared to the other two major retailer holdings. It should be noted that the out-of-stocks 
during promotions are only a part of the explanation of the service level; other aspects cause this 
service level as well. The supply chains for the products categories Dairy Chilled, Dairy Ambient and 
Juices are different. Most promotions occur in the dairy category and experts from sales endorse the 
importance of promotions in this category. It is therefore decided that Albert Heijn dairy chilled is an 
interesting case for further research with the potential of realizing substantial gains. 
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Figure 5 Retailer market shares based on all Dutch products of FrieslandCampina (Source IRI) 
 
Within the company, some interviewees thought that the biggest gain could be achieved by focusing 
on tuning the internal processes with respect to promotions and improving the cooperation with Albert 
Heijn. This would mean focusing on the upper two bones of the root-cause diagram of Figure 4. 
Albert Heijn and FrieslandCampina are important supply chain partners and compared with other 
retailers, a more intensive cooperation exists with a higher level of information sharing. Focusing on 
improving the cooperation and tuning, the research should be focused on smoothing the agreements 
on information sharing, timings and targets. A possible complete different cooperation, such as 
vendor managed inventory, seems unrealistic given the fact that this was done in the past and was 
stopped. In order to reach the target service level, the promotion process should be focused on 
delivering the right amount of products on promotion. Delivering the right amount of products can be 
done by either a good forecast of the promotional products or by adjusting production during the 
promotion week based on actual shopper information given by the cashier scanning data.  
 
Considering the SKUs with the highest out-of-stock and waste levels of dairy chilled products from 
January 2014 to May 2015, it seems that some concepts seem critical for both out-of-stock and waste. 
Based on expert interviews, it can be concluded that adaptions in production to react on actual 
information during the promotion week are especially hard for some of these critical products. Tuning 
in the plants during promotions weeks is decent for the products where this possibility exists 
according to expert insights and these products do not seem critical in terms of out of stock and waste. 
Based on this observation and the fact that adaptions are not possible for a considerable part of the 
product portfolio, it is concluded that this research direction does not seem the most beneficial 
direction of research in order to maximize the effectiveness of the solution proposed.  
 
Since focusing on effective reacting on new insights does not seem the most interesting direction of 
research, the analysis continues on the forecasting part of the promotion. Several moments of tuning 
already exist in order to prepare for an accurate forecast internally between the sales account manager 
and demand planner and externally with Albert Heijn. Four weeks before the promotion, Albert Heijn 
sends a commercial confirmation in which its final forecast is presented. Given the frequency and lead 
time of the dairy chilled products, production for promotions is done after receipt of the commercial 
confirmation. Therefore, changes made by the retailer do not cause big problems for production. It has 
been said that even for packages which are already ordered, changes of retailers usually does not lead 
to problems with respect to availability of packages as uniform packages are used for both base and 
promotion demand. Based on expert option, it seems that the need to tune more often with the retailer 
may not be the best solution for obtaining more accurate forecasts since the forecast made is said to be 
the best guess according to the parties involved. Figure 6 reveals insight into the forecast accuracy 
during promotions over 2014. This Figure shows the results for all Dutch retailers instead of Albert 
Heijn only. Because of the data availability, the forecast accuracy is calculated over the complete 
week in which the discount period is given to a retailer which is generally at least a full week before 
the promotion week and during the promotion. However, few days of regular sales are included in the 
calculation as well for some promotions which influences the results a little. The forecast accuracy is 
defined as 1-Mean Absolute Percentage Error (MAPE) (Formula 3). It is shown that 43.6% of the 
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promotions had forecast accuracy above 60%. All promotions considered the forecast accuracy is 
41.1%. It is shown that potential for improving the forecast exists. Based on these insights and the fact 
that currently only judgemental forecasting is used for promotion forecasting, it is decided to focus on 
the development of a mathematical model in order to improve the forecast accuracy of promotions. 
Moreover, this direction gives the possibility to widen the focus of the research to the crucial concepts 
in the other categories and for other retailers increasing the potential power of the solution. This 
means that in this thesis the focus in on the forecast cause in the root-cause diagram of Figure 4. 

Figure 6 Percentage of promotions with certain forecast accuracy, over all retailers and products1. 
 
The remainder of this analysis is focused on Albert Heijn. As a manufacturer, the timely delivery of 
the requested amounts to the retailer is the main focus; and therefore, forecasting of retailer orders is 
the main focus. The ordering of the retailer can be divided into two parts: the orders during the 
loading period before the start of the promotion and the orders ordered during the promotion week. 
Since FrieslandCampina and Albert Heijn determine the forecast together this results in comparable 
volumes in the commercial confirmation of Albert Heijn and the forecast of FrieslandCampina. The 
retailer orders during the loading periods are therefore comparable with the forecast. Between the 
commercial confirmation and the start of the promotion week of the shopper, no new information has 
come available to the retailer which might drastically influence their order pattern before the 
promotion week. However, the opposite is true during the promotion week of the shopper. As soon as 
the promotion has started, the retailer can analyze the cashier scanning data of the actual products sold 
and can make an estimation of the total promotion volume based on this initial demand. Interviewees 
have endorsed that extrapolation of initial cashier scans seem to give a reasonable indication of the 
success of a promotion. In case of Albert Heijn, these new insights result in changes in the ordering 
system and thereby deviations from the forecast made in the planning systems of FrieslandCampina. 
Initial shopper demand seems to have an important influence on the ordering behavior of the retailer 
during the promotion week. This observation tends to be an important cause of the forecasting 
problems for the critical products where for some concepts adapting production volumes based on 
these insights is impossible for FrieslandCampina. The behavior of the retailer is a derivative of the 
shopper behavior.  
 
Another aspect related to relationship between shopper order demand and retailer order demand is the 
problem of forward buy. It is observed that a difference exist between the volume sold to shoppers by 
the retailer and the volume sold to the retailer by FrieslandCampina. This tends to be caused by 
several reasons. One of them is that for products with a longer shelf-life, retailers can strategically 
decide to increase their orders during their period of discount as they can increase their profit by 
buying the products with discount and selling the products regularly. For FrieslandCampina, products 
sold with discount to the retailer but sold for regular prices to the shopper can be seen as a form of 
inefficient handling of promotions. Lower margins are made without the benefits of extra volume.  
 
Concluding, both the fact that the retailer orders seem to be a derivative of the of the shopper demand, 
and problem of giving discount to the retailer for regular selling of products indicate that it seems 
interesting to focus on developing a forecasting model for shopper demand. In addition, analyzing the 

                                                      
1 Note: forecast accuracy is calculated over complete weeks that discount is given to retailers for promotions 
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potential explanatory variables of promotions such as promotion mechanism, those variables affect 
shopper demand directly and the retailer orders seem again a derivative. Moreover, as mentioned in 
Derks (2015), scientific research on forecasting retailer orders from the manufacturer point of view 
has not yet been extensively investigated. Research between supply chain partners has primarily 
focused on information sharing in the supply chain in order to reduce the uncertainty in the supply 
chain which can lead to cost savings (Williams & Waller, 2010). The limited interest in research of 
forecasting retail orders might be due to the fact that shopper demand might be the most important 
base for promotion demand forecasting. Therefore, it is chosen to initially focus on a forecasting 
model to forecast shopper demand. 
 
3.3. Literature review 

This section provides a short overview of relevant literature with respect to promotion forecasting as 
this is the main focus of this research. First, it is shortly elaborated on the problem of out of stocks. 
Second, forecasting in general is discussed. Third, it is focused on promotion forecasting models. In 
addition, the manufacturer case is elaborated on. 
 
3.3.1 Out of stocks 
Competition in the Fast Moving Consumer Goods industry is mainly focused on product availability 
(Corsten & Gruen, 2003) which endorses the importance of forecasting since good forecasts increase 
the probability that a shopper can buy the product that it was intended to buy. However, the main 
trade-off with respect to the availability is always the amount of waste when overstock exists, and the 
amount of out-of-stocks. Even though a main characteristic of forecasting is that it usually goes wrong 
(Nahmias, 2009), out-of-stock events should be avoided by proper replenishment strategies such as a 
sufficient amount of safety stock available. 
 
Different shopper responses on the out-of-stock of a product can be expected. Each of them has its 
own effect and magnitude on the parties in the supply chain. Most research on shopper reactions of 
out-of-stocks has made a distinction between the five possible responses (Campo, Gijsbrechts, & 
Nisol, 2000), (Corsten & Gruen, 2003), (Sloot, Verhoef, & Franses, 2005), (ECR Europe, 2003). The 
first response is item switching which implies substitution to a product of a different brand or 
category. Second, shoppers can switch to a different size of the same brand. Third, the shopper can 
decide to buy the item in another store. Fourth, the purchase is delayed and later bought in the same 
store. Lastly, the shopper can decide to cancel its purchase. Considering the possible responses to 
stock-outs, it can be concluded that each of them affects the retailer and manufacturer differently. 
Corsten and Gruen (2003) distinguish these effects in four interdependent risk types. First, the retailer 

shopper risk is that the shopper permanently switches stores due to stock-outs. Second, the retailer 

sales loss risk is that a shopper buys another brand, no product or a smaller pack size. Third, the 
manufacturer shopper loss risk exits of the risk that shoppers buy products from a competitor in the 
manufacturer’s product category. Lastly, the manufacturer sales loss risk implies that a shopper 
incidentally changes to a product from a competitor or cancels its purchase. 
 
It can be concluded that shopper reactions differ when facing stock-outs; however, for both the 
retailer and the manufacturer responses can have important impacts. In some cases only the retailer or 
manufacturer is affected, but when a shopper decides to cancel its purchase at all, both face a lost 
sales situation and it is desired that this is avoided.  
 
3.3.2 Forecasting 
The different parties in the supply chain face different challenges in forecasting: where the retailer has 
tens of thousands of SKU in their assortment, a manufacturer may have a hundred to a thousand 
SKUs to forecast (Cooper et al., 1999) the scope and focus may be different, several types of 
forecasting techniques are more general. A common classification made in forecasting techniques is 
whether they are subjective or objective forecasting techniques. Where a subjective method is based 
on human judgment and the forecast is made qualitative, objective methods are purely quantitative 
based on data analysis (Nahmias, 2009) (McCarthy, Davis, Golicic, & Mentzer, 2006). 
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Using subjective forecasting methods, multiple sources else than data only can be used as input such 
as knowledge of future orders, competitor behavior or general economic conditions (Silver, Pyke, & 
Peterson, 1998). Those methods have always been questioned as human judgment can be subject to 
biases. Overconfidence of people can lead to the problem of groupthink, neglecting decision aids and 
making uncommon predictions against the base pattern (Armstrong, 2001). In addition, people tend to 
identify false patterns in random movements in time series (Fildes & Goodwin, 2007). However, 
human influence have been shown positive as well (Lawrence, Goodwin, O'Connor, & Önkal, 2006).  
 
Objective forecasts are based on statistical techniques. The major part of objective forecasting 
techniques is formed by two types of methods: time series techniques and explanatory models (Silver 
et al., 1998), (Makridakis, 1988). Detailers on objective methods are given in Section 4. 
 
Despite of the disadvantages of judgemental forecasting presented in the literature, Goodwin (2002)  
proposes to consider integrating both forecasting methods. In several cases, statistical methods may 
face difficulties where human judgment can play an important aspect. First, several statistical methods 
may adjust slowly when changes in the actual demand occur. Second, sporadic events that happen at a 
certain moment in time can strongly influence the actual demand in that period. If this event is not 
seen as outlier, this incidental event influences future forecasts. Third, sometimes historical data is not 
or limited available (Goodwin, 2002). Fourth, even if a sporadic event is known to be happen in the 
future, statistical forecasts seem to have problems to take this event into account if it happens 
infrequently (Goodwin & Fildes, 1999). Research of Blattberg & Hoch (1990) suggests that 
combining statistical and judgemental forecasts outperforms a single method in terms of predictive 
accuracy since ‘models and managers have complementary skills’. Where models are rigid and 
consistent in combining huge amounts of data, they are also relatively inflexible. Managers have extra 
contextual information about factors influencing the forecast; however, they are also cognitively 
biased and may be too adaptive to changes. Goodwin (2002) has distinguished two types of 
integration. With voluntary integration, a human can use the statistical forecast in the way preferred 
by him when making the final forecast: using it as the estimate, making adaptions or neglecting the 
forecast. With mechanical forecasting, predefined approaches are followed to make the final forecast; 
in most cases statistical forecast are adjusted based on human insights. Since promotion forecasts tend 
to be complex and affected by many aspects, combining both forecasting methods may be desired.  
 
3.3.3 Promotion forecasting models 
To gain insight into the promotion forecasting models already developed, a short overview of relevant 
models is provided. It can be concluded that promotion forecasting models already developed are 
based on exploratory models. The SCAN*PRO model is developed in the 80’s where actual sales 
measured via scanner data on store level over different weeks was combined to analyze promotion 
effects. Since retailers differ in the timing and type of promotions, store-specific data is included in 
the model. The basic model is a causal model forecasting store and brand specific sales (Leeflang, 
Van Heerde, & Wittink, 2002). Cooper et al. (1999) have also developed a store-specific model. The 
PromoCastTM tool is developed based on a regression model with the natural logarithm of units sold in 
a specific store as dependent variable. Many independent variables are included. The model is 
calibrated for a dataset with non-perishable food products. Where Cooper et al. (1999) have 
developed a more sophisticated promotion forecast tool from the retailer point of view, Divakar et al. 
(2005) developed CHAN4CAST: a decision support system including a sales forecasting tool useful 
for both base and promotions forecasting for a non-perishable food manufacturer. A forecasting 
model specific for multiple channels, regions and major customer accounts is included. A recursive 
model existing of multiple regression equations for each promotion variable forms the input for the 
final forecast equation for promotional demand. Van Loo (2006) has developed a multiple regression 
model from the retailer point of view. With a wide range of variables included, the lift factors of 
promotions at store and supply chain level are predicted. The lift factor expresses the multiple of 
expected baseline sales when any item is in a promotion. The model is estimated based on a dataset of 
both food and non-food products. Similarly, Van den Heuvel (2009) has developed a forecasting 
model predicting the supply chain wide lift factor during a promotion for non-perishable foods. The 
research of Van der Poel (2010) differs since the research is conducted from the manufacturer point of 
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view where data of multiple retailers is included in the data set. The regression model developed is 
extended by Peters (2012) who gained insight into the applicability of the model in a retailer setting 
with perishable foods. The research of Kock (2012) differs from previous ones as it compares the 
predictive ability of a multiple linear regression model with more sophisticated data mining 
forecasting techniques such as neural networks. The lift factors for promotions for non-perishable 
goods are forecasted. The research has shown that the data mining techniques seem performing 
closely to the linear regression model. This endorses the claim of Makridakis & Hibon (2000) that 
more sophisticated or complex models are not necessarily more accurate. 
 
3.3.4 Manufacturer models 
Most forecasting techniques and promotion models focus on predicting future shopper demand. 
Moreover, most literature in the retail operations field focuses on the retailer. The manufacturer 
demand is determined by the retail orders received from the retailer’s DC where stock is kept to 
satisfy the demand of stores. The process to forecast retailer demand is a crucial but complex process 
for manufacturers (Williams & Waller, 2010). A finding that endorses the importance of a good 
forecasting process of manufacturers is the risk of a bullwhip effect. The order variability of orders 
from the stores is bigger than the variability from the point-of-sales data of the products sold to 
shoppers. This effect moves up in the supply chain meaning that the variabilities are bigger as one 
moves up in the supply chain. The forecasting process of higher parts of the supply chain is less 
efficient and may be distorted by this variability leading to high cost due to excessive inventory, 
wrong forecasts and uncertainty in the production planning (Lee, Padmanabhan, & Whang, 1997).  
 
3.4. Potential for contribution to scientific literature 

The specific research environment at FrieslandCampina and the research direction chosen provides 
the possibility to extend the scientific literature on forecasting. 
 
Forecasting models for retailer orders are not yet extensively investigated. Considering the relevant 
promotion forecasting models, by far, most research has focused on forecasting shopper demand 
instead of retailer orders. The CHAN4CAST model is one of the few models forecasting retailer 
orders for the specific non-carbonated and carbonated soft drinks industry (Divakar et al., 2005). In 
addition, the promotion forecasting models are mainly investigated from the retailer point of view. 
Van der Poel (2010) has developed a promotion forecasting model from the manufacturer point of 
view and has developed a promotion forecasting model for shopper demand. For his dataset with both 
food and non-food products, it has been shown difficult to find a structural relationship between the 
shopper and retailer orders. The current research contributes to the scientific literature of promotion 
forecasting by having a dataset from a specialized manufacturer mainly selling dairy products to 
retailers with a quite homogenous profile. An exploration in the relationship between retailer and 
shopper demand orders based on this more homogenous dataset may lead to new insights into their 
relationship since it is expected that the ordering behavior of retailers is more similar for more 
homogeneous products. Scientific knowledge is added to the gap of promotion forecasting models 
that tend to be developed from the retailer point of view.  
 
In addition, additional knowledge to the scientific literature is added by extending the research of 
Peters (2012) and findings of Van Donselaar et al. (2015) who combined the data of multiple product 
categories in order to find the model with the most predictive power for each category. Where Peters 
(2012) combined datasets from quite heterogeneous categories; this research will create knowledge on 
the effects on predictive power of the forecasting models by combining data from multiple quite 
homogenous retailers and multiple quite homogenous products due to the specialization of the 
manufacturer. It is interesting to investigate the effects on combining data from multiple retailers as 
the shopper behavior to corresponding promotion characteristics might be quite similar between 
different retailers. In addition, the shelf-life of the products in scope of this research differs from 
perishable to non-perishable following the threshold value of 30 days shelf-life described by Van 
Donselaar et al. (2006). The effect on predictive power of the forecasting model by combining data of 
homogenous perishable and non-perishable products can therefore also be investigated.  
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3.5. Problem definition 

In this section, the project is further specified.  
 
3.5.1 Research questions 
Based on previous described analysis and the gaps found in scientific literature, it is concluded that it 
is expected that substantial profit can be obtained by improving the insights in forecasting shopper 
demand to increase the efficient and effective handling of promotions at FrieslandCampina and to 
obtain new scientific knowledge. The main research question can therefore be formulated as:  
 
“How can the forecasting method for promotions of BrandedNL products of Royal Friesland Campina 

be improved in order to obtain more accurate forecasts?” 
 
It is decided to focus on developing a shopper demand forecasting model first. By exploring the 
relationship with retailer orders, it is expected that interesting insights can be obtained in order to 
better understand shopper behavior during promotions which can be related to retailer order behavior. 
The following sub questions are formulated: 
1. Which mathematical technique is most appropriate to forecast promotions at 
FrieslandCampina and which dependent variables should be considered in the modeling phase? 
2. Which independent variables might have a significant impact on the promotion volumes? 
3. Which time horizon will be taken into account for the development of the forecasting model? 
4. Which aggregation level and data from which products and retailers are most appropriate in 
order to achieve the highest forecast accuracy on the product retailer combinations of interest? 
5. Which forecast model fits best for the samples tested and is suitable for FrieslandCampina? 
6. How can the forecasting of demand of retailer orders be improved based on the new insights 
gained from the shopper demand promotion forecasting model? 

 
3.5.2 Practical requirements 
Two practical requirements are added in order to develop a model which is useable in practice: 
 
1. Ease of use: since model should be used by employees of FrieslandCampina, it is important 
that the model is as simple as possible and understandable for the employees. Besides, the model 
should be user friendly meaning that the effort needed of employees to use the model is reasonable. 
2. Availability of data: the final model should only include variables of which data is available 

for FrieslandCampina at the moment of forecasting or data which can be predicted reasonably. 

3.5.3 Scope 
To scope the project, the number of SKU, promotion events and retailers should be restricted. The 
objective is to deliver a result from which the successful aspects can be extended to a wider part of the 
company. To select an interesting sample, both a qualitative analysis based on interviews and 
quantitative support is done. It should be noted that a decision is made in favor of the products and 
retailers that satisfy the combination of the following criteria best. The criteria are interrelated. 
 
1. Promotion pressure: the promotion pressure is defined as the part of total volume that is sold 
during a promotion. A high pressure is desired, but products should be part of the regular assortment. 
2. Total sales volume 2014: the highest level of improvement is reached when products with 
substantial volumes are taken into account. 
3. Number of promotions: if a product is on promotion more often, a promotion forecast should 
be made more often for these products as well.  
4. Out of stock/Waste/Working Capital: products that systematically lead to out-of-stocks, waste 
or higher working capital in terms of inventory costs due to inappropriate promotion forecasting are of 
higher interest since better forecasting directly leads to less costs or more satisfied customers.  
5. Data availability: the information required should be available in the company.  
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Based on these criteria, it is decided to focus on a dataset with existing products of Campina Eat 
(yoghurt and custards), Mona Eat, Optimel, Chocomel, Fristi, Coolbest and DubbelFrisss. The 
product portfolio is diverse with products from different categories; enabling to extend the insights 
gained by Peters (2012) and Van Donselaar et al. (2015) with respect to best model choice based on 
different datasets with different type of products. Albert Heijn, Plus, Hoogvliet, Coop and EMTE are 
the retailers focused on. The large retailers Jumbo and Dekamarkt are out of scope. Jumbo seems to 
change its promotion strategy after the acquisition of C1000 stores such that historical data does not 
seem to reflect future behavior while for Dekamarkt important data is unavailable. 
 

Part 2: Research design 

This part presents the research design. A forecasting model is 
developed aiming to forecast promotional demand. In this section, an 
elaboration is given on the forecasting technique used, the 
aggregation level, model development, hypothesis and the sample 
used in this research. Lastly, it is discussed how the models developed 
are assessed on predictive performance. 
 

4. Forecasting technique 

The first decision that should be made is the type of mathematical forecasting technique. As discussed 
in Part 1, a main distinction between subjective and objective forecasting models exists. For objective 
models, it is important that it is assumed that patterns and relationships do not change when using 
statistical models such that the model can be fitted to past data in order to predict. Mathematical 
models can be categorized in time series models and explanatory models (Makridakis, 1988). A time 
series is a set of values each observed at a specific time either recorded continuously or with fixed 
intervals (Brockwell & Davis, 2006). As promotion events do occur on occasional, infrequent basis, 
time series seem not appropriate for promotional demand forecasting (Van Donselaar, Van Woensel, 
Broekmeulen, & Fransoo, 2005). Moreover, the historical time series consisting of both base and 
promotion demand is not a reliable representation of future demand as promotions occur infrequent 
and the volume sold depends on promotion specific variables which are not explicitly used as input in 
these models. Explanatory models predict a dependent variable based on a set of independent 
variables that have a causal relationship with the variable predicted. The explicit focus on a causal 
relationship is desired for promotion forecasting since promotion demand is expected to be dependent 
on a combination of specific characteristics that can be modelled by including these variables. From 
Section 3.3, it can be concluded that the main forecasting technique used to predict promotion demand 
is the explanatory method multiple linear regression. Considering forecasting techniques more 
generally, regression based, econometric models and artificial neural network models are used 
commonly (Van Loo, 2006). Van Loo (2006) ranked those techniques based on several criteria to 
decide for the most appropriate technique in a comparable research. A score of 4 implies that a 
specific technique performs best on that criterion. The results are as shown Table 2. It should be noted 
that the best forecasting method depends on the measures used for comparison (Makridakis & Hibon, 
2000). Considering the ranking, the lowest accuracy for the “simple” single-equation regression 
method can be questioned since Makridakis & Hibon (2000) claim that more sophisticated or complex 
models are not necessary more accurate. 
 
The criteria used by Van Loo (2006) are applicable in this research too. High attention should be paid 
to the ease of use and ease of interpretation. Since the model should be used in practice, it is important 
that the model is not a “black box”, since forecasting professionals are more likely to use models that 
are intuitive and understandable. Lack of understandability is a main drawback of using more 
complex models such as data mining. Based on the fact that multiple regression is commonly used 
which shows the appropriateness of the research technique in this situation, and this method scores 
highest based on the criteria used (Van Loo, 2006), it is decided to use multiple regression as the 
forecasting technique in this research. Moreover, promotion forecasting models with reasonable fit 
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have been developed using this technique which indicates potential for a good solution. The statistical 
packages SPSS is used in this research. 
 
Table 2 Criteria and ranking to determine most appropriate forecasting technique (Van Loo, 2006) 

 
 

5. Aggregation level 

A decision about the aggregation level to forecast should be made. Two perspectives are considered: 
first, the products and second, the customer level. 
 
During one promotion event at a retailer, usually multiple SKUs are in a promotion. Both the total 
number of units sold of the promoted products and the sales of a specific SKU are of importance. 
Especially from the manufacturer point of view, it is important to know the amount of specific 
product flavors that will be ordered by the retailers in order to be able to minimize stocking cost. A 
retailer can react quickly to shopper behavior as delivery to the retailers’ DC is usually the day after 
ordering. However, the manufacturer lead time for production is much longer and extra production is 
possible for a limited number of products only. To satisfy retailer’s service levels at lowest costs, the 
right amount of specific SKUs should be available in stock. Experts endorse that a correct promotion 
forecast for all different SKUs is difficult which cause problems with out-of-stock and overstock. 
Both aspects endorse the importance to forecast on SKU level especially for manufacturers. 
 
Considering a specific customer, the forecast can be made on supply chain level and retailer store 
level. Contradicting views exist; Cooper et al. (1999) suggest using store level while Van Loo (2006) 
find better results on supply chain level. Demand in specific retailer stores differ based on multiple 
aspects such as the place, size and type of customers of the retailer store.  For the retailer, it is 
important to deliver the right amount of each SKU to each of the stores from the retailer DC. 
However, for FrieslandCampina it is of no direct importance to know the forecast of a specific store 
as SKUs will be delivered to the retailer DC. For production, the total amount ordered by a specific 
retailer is of interest to determine the optimal product quantities. Moreover, no specific store data is 
available as input for the model. Therefore supply chain level demand data is used. 
 
Based on abovementioned reasoning, data is gathered on SKU level for the total demand during a 
promotion event for a specific retailer to be able to make a forecast for each SKU.  
 

6. Model development & hypothesis 

In this section, the scientific model used in this research is presented. To determine the list of potential 
relevant variables, the scientific literature and especially promotion forecasting literature are 
consulted. Besides, expert interviews are conducted with demand planners, sales account managers, 
category developers and experts from external commercial companies IRI and GfK. Those interviews 
provided interesting insights in extra potential predictors. An overview is given in this section.  
 
6.1. Dependent variable 

The first step is to decide on the dependent variable, i.e. the variable to be predicted in the model. 
Two types of predictors may be appropriate when forecasting customer demand: the actual units sold 
during a promotion period or the lift factor. Where the actual units sold measure is an absolute 
measure, the lift factor is a relative and thereby standardized value.  

Criterion Single-equation regression Multiple-equation regression Econometric models Artificial Neural Networks

Accuracy 1 2 3 4

Costs 4 3 2 1

Complexity 4 3 2 1

Data need 4 3 2 1

Ease of interpretation 4 3 2 1

Ease of use 3 2 1 4

Total 20 16 12 12
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Currently at FrieslandCampina actual units sold are forecasted for the complete period that a retailer 
receives discount because of a promotion. Cooper et al. (1999) use a natural logarithmic 
transformation of this variable as dependent variable in his model for shopper demand. Considering 
the fact that both lift factor and actual sales can be retrieved from the available data and both values 
are reasonable candidates to be predicted, the decision is based on the standardized property of the lift 
factor. This is an advantage since values can directly be compared across SKUs and retailers and 
comparisons can be made about the impact of a promotion for a specific product. Considering the 
usability of the model in practice, the difference is expected to be minor. Predicting the lift factor 
means that in practice, the value resulted should be multiplied with the base demand which can be 
easily retrieved from the data bases. However, additional knowledge is gained as the lift factors for 
the different products on promotion can be compared. Since the dataset exists of different retailers, 
specific comparisons can be made. In conclusion, it is decided to choose the lift factor as dependent 
variable in the model which is defined in Formula 1. 
 

Lift	factor
� = �
��	����	��	�������	
	���
��	�	������
��	����	��	����
���	�
����	������	��	�������	
	��	����
���	�      (1) 

 
6.2. Independent variables & hypothesis 

The independent variables determined can be grouped in several categories: promotion variables, 
retailer variables, exogenous variables, competitor variables, product variables and brand variables. 
An overview of the variables can be found in Figure 7. A further elaboration is given in this section, 
as well as the hypothesis (noted as H  with ! the number) associated. It should be stressed that all 
hypotheses, except for H2 concerning the previous lift factor, are formulated and tested in the model 
where the previous lift factor is removed. This variable may comprise part of the effects and thereby 
affect the true results on the hypothesis (Van Donselaar et al., 2015). This will be further discussed in 
Section 11.3. The operational definitions of the variables can be found in App. 2. 
 
6.2.1 Product variables 
Multiple product variables are taken into account in this research. Since this model aims to forecast on 
SKU level, several product specific variables are included. The baseline sales have been a significant 
predictor variable (Van den Heuvel, 2009) and is taken into account in this research as well (Van den 
Heuvel, 2009). The baseline sales are the expected amount of volume sold during weeks without any 
action to promote the product. It is expected that a higher baseline sales lead to a lower lift factor 
since the relative uplift during promotional sales will be lower (H1). An important predictor for a 
future lift factor is the lift factor of promotions in the past since it directly indicates the relation 
between regular sales and promotional sales. However, no uniform and best method exists how to 
include the lift factor in the model; where Cooper et al. (1999) take the lift factor of the “last like” 
promotion, Van der Poel (2010) has included the average lift factor of previous promotions, Van den 
Heuvel (2009) has included sales during the last promotion week and Peters (2012) uses a previous 
lift factor. Except for the research of Van den Heuvel (2009) where the result may be due to data 
availability issues, in all models a high effect size is found for a past lift factor. In this research the 
previous lift factor is used and a positive effect on the lift factor is expected (H2). No average over 
historical lift factors is taken as input as it introduces extra complexity when using the model in 
practice and because it leads to extra data availability issues for new product introductions. The 
category where the product belongs could be of significant importance as well (Van der Poel, 2010). 
For example, based on expert interviews, a high level of substitution is expected in the dairy eat 
category positively affecting the lift factor. For the other categories, it is unknown beforehand in 
which direction the individual categories affect promotion sales (H3). 
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Figure 7 Independent variables in model. The blue blocks represent the major variables groups where 
the white blocks are part of. The yellow blocks represent the variables tested of which no information 
is available in advance. The figure is in style of the figure of Van der Poel (2010).  
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Since the product portfolio exists of products with a short and longer shelf life, it is expected that 
perishability influences the lift factor. Similar to the model of Van der Poel (2010), the susceptibility 
to stockpiling is measured by the preservability (shelf life), the volume of one unit sold to shoppers in 

stores and the frequency of purchase. Products with a longer shelf life, less volume and a lower 
frequency of purchase are expected to be more easily stockpiled, increasing the lift factor (shelf life 
H4, volume H5, frequency H6). This is in line with research of Narasimhan et al. (1996) who found 
that products that are more easily stockpiled are nonperishable products. Van Donselaar et al. (2015) 
indicate that stockpiling seems not strongly restricted because of limited shelf life. It is interesting to 
investigate the effect in this dataset with both more and less perishable food products. In addition, the 
time in weeks between two promotions for the product at a specific retailer is included in the model. It 
is expected that the lift factor is negatively affected when two promotions are quickly after each other 
(Van Loo, 2006) (H7). To gain insight into the effect of promotions in the same category, the time in 

weeks between the promotions of the product and a FC promotion in the same category at a specific 

retailer and at a national retailer are included. This is information that FrieslandCampina has 
compared to a specific retailer. The national retailers taken into account are Albert Heijn, Jumbo, 
Plus, C1000. Again, it is expected that the lift factor is negatively affected when two promotions are 
quickly after each other at the similar or a national retailer (H8, H9). Lastly, the number of 

promotions with the product over the last year is included in the model as well since it is expected 
that it influences the lift factor (H10); however, the direction is unknown beforehand. According to 
experts, a higher number of promotions might affect the lift factor negatively, since volumes are 
spread over more promotions. On the other hand, a higher number of promotions might affect the lift 
factor positively, since people delay their purchase until the coming promotion which is coming soon. 
 
6.2.2 Retailer variables 
Different retailers are supplied by FrieslandCampina. Research of Van der Poel (2010) has shown that 
the characteristics of a specific retailer affect the sales during promotion which might be explained by 
the fact that retailers have specific promotion strategies and their own customer base. It is unknown in 
which direction the individual retailers affect the lift factor (H11). Van der Poel (2010) has found a 
strong positive effect for the % growth in number of selling stores during a regular week and a 
promotion week on the lift factor (H12). Interviewees do not expect a strong effect in this research as 
it is thought that the number of selling stores is stable. Based on the interviews, a variable is included 
whether a retailer wide saving campaign is executed by the retailer independent of the promotion. 
Retailers claim that promotions during those campaign periods positively affecting the lift factor due 
to more visiting shoppers (H13). For FrieslandCampina it is interesting to know whether this claim is 
true since higher costs are paid for promotions in these periods. 
 
6.2.3 Promotion variables 
Several promotion variables are included in the model. First, the number of FC products on promotion 
is added. Both Van der Poel (2010) and Peters (2012) found a significant negative effect on the lift 
factor that can be explained by the fact that when shoppers can choose between more different 
products, the lift of a specific product will decrease. Interviewees have endorsed that this effect is 
visible when comparing a “brand category” promotion in which only the products of a brand in a 
specific category are on promotion with a “brand total” promotion in which the products of a brand of 
multiple categories are on promotion. For example, either a promotion with Optimel drinks or a 
promotion of both Optimel eat and drink products (H14). Second, the promotion mechanism is 
included in the model. A distinction is made between Single Price Off (SPO), 2 for x, 2+1, 2nd half 
price, multibuy (3+ for). Previous research indicates that the effect size is small since only few 
distinctions are made in the mechanisms (Cooper et al., 1999), (Van der Poel, 2010). It seems 
interesting to investigate which promotion mechanism has significant better or worse effect on the lift 
factor since strategy can be based on these insights. It is expected that promotions where more than 
one product have to be bought to get the discount have higher lift factors (H15). Besides, another 
important aspect is the promotion activation which is included in the model by including multiple 
variables. First, it is modelled whether a promotion theme week is at the retailer stores during the 
promotion. According to the retailers, this increases traffic in the stores increasing the lift factor 
(H16). Second, tv support of the retailer is included. More exposure is expected to be positively 
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influence the lift factor (H17). The position (Peters, 2012) and size of the advertisement (Cooper et 
al., 1999) in the leaflet are taken into account as well. It is expected that a front or back page and 
larger advisements increases awareness of the promotion, positively influencing the lift factor 
(position H18, size H19). Besides, a higher lift factor is expected when the product on promotion is 
shown the retailer magazine (Van den Heuvel, 2009) during the promotion (H20). Fourth, it is 
included whether the product is promoted at a second placement (Ramanathan & Muyldermans, 
2010). Fifth, the percentage volume sold in retailer stores with a display is included. This measure 
comprises whether displays are used in stores that account for bigger or smaller part of the total 
volume sold. Shoppers are more aware when (more) displays are used, so a higher lift factor is 
expected in case of second placements (H21).  
 
Besides the activation aspects, price aspects have been shown as important promotion variable as 
well. Based on the literature, several aspects can be included. Absolute- and relative price discount 
and the regular sales price are taken into account often ( (Van der Poel, 2010), (Van Loo, 2006), 
(Ramanathan & Muyldermans, 2010), (Peters, 2012)). Those variables are included as well, it is 
expected that a higher absolute or relative discount increases the perception of a strong promotion, 
increasing the lift factor (H22). Based on the interviews, it is decided to include a variable in the 
model whether the product is sold at a psychological price. It is expected that a psychological price is 
positively related with the lift factor since shoppers perceive odd prices thoroughly lower than even-
prices even though the actual difference is minor (Wedel & Leeflang, 1998) (H23). However 
interestingly, it turned out that some retailers may prefer round prices in their promotion strategies. 
Insights into this variable may therefore be of high managerial interest. Based on expert insights, a 
variable measuring whether a promotion price is ending is 9 is added as well. Sales experts expect a 
higher lift factor for those promotions (H24). 
 
6.2.4 External variables 
External variables can be found that strongly affect retailer sales according to previous research. 
Geurts and Kelly (1986) found that weather affects retailer sales. Similar to the model of Peters 
(2012) measures are included for the average temperature, the amount of rain (mm) in a promotion 
week and the number of days with rain are included. Only the last one has been shown to be 
significant in Peters (2012). It is endorsed by interviewees that Chocomel sales are affected by the 
temperature. Therefore, it is decided to include these weather variables as well to investigate the 
significance of these effects on the lift factor (temperature H25, #Rain (millimeter) H26, #Rain days 
H27). Interactions between brand and temperature are needed to investigate the effect mentioned. 
Seasonality effects are also measured as part of the period variables. The season variable is included 
since it has been shown that seasonal aspects can be significant when forecasting demand (Caruana, 
2001), (Divakar et al., 2005). It is expected that the seasonality affects the lift factor in specific 
promotions, especially for the products that tend to be sensitive to seasonal aspects with regular 
demand such as Chocomel (H28). Moreover, it is thought that Mona is sold more with “drizzling” 
(i.e. kind of rainy like in Autumn) weather. An interaction effect is needed to test this effect. Other 
aspects included in the model are holiday periods, national holidays and sports events (Fildes, 
Nikolopoulos, Crone, & Syntetos, 2008). It is expected that for regular holidays, the lift factor is 
negatively affected since part of the regular shoppers are on holiday (H29). National holidays are 
expected to affect the lift factor positively as shoppers tend to increase consumption (H30) (Peters, 
2012). Based on expert interviews, it is expected that other special days (i.e. Mother day, Father day, 
Sinterklaas) also increase the lift factor (H31). It is decided to include (sports)events as Olympic 
games, European and World cup football as well since it is experienced that sales is positively 
affected by these events for some products such as ‘Orange custard’(H32). To measure this effect, an 
interaction is needed as well.  
 
6.2.5 Brand variables 
Several brand variables are included in the model as well. First of all, the brand since it is expected 
that some brands are more and less attractive on promotion by itself. Especially brand Mona and 
DubbelFrisss tend to have high lift factors (H33). 
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In addition, the promotion pressure of the brand over the last year at a specific retailer is included. 
Van der Poel (2010) did not find a significant effect for the latter one; however, it is interesting to 
investigate the effect again. Based on the interviewees an ambiguous effect can be expected which is 
not known in advance. When the promotion pressure is high, it can be expected that this has a positive 
effect on the lift factor since base volume is low and people seem to know that the product is often on 
promotion and may postpone their sales. On the contrary, a low promotion pressure may be positively 
correlated to the lift factor following the reasoning that people may be surprised that a product is on 
promotion and buy a higher amount because of the promotion (H34). Based on interviews, it is 
decided to include a variable that is related to the type of customers. It is said that households with 
children tend to be more sensitive to promotions and are less brand stable increasing the lift factor 
since they switch more often (H35). This is endorsed by research of Teunter (2000) who found 
promotion responsive households are the ones with older children and a somewhat older (>35 years of 
age) person responsible for shopping that works. A brand variable that measures the % households 

with children that buys the brand as proxy for this effect. Including more household specific variables 
could be interesting in future research if those aspects seem to have a significant effect. The data is 
limited available for a specific retailer, and for that reason it is decided to include this variable on 
brand level based on the Dutch retailer market without hard discounters. In addition experts thought 
of adding a measure of popularity of the brand to see whether this impacts the lift factor. It might be 
expected that when a well-known brand is on promotion, more shoppers that tend to buy other brands 
may substitute to try the product on promotion compared to less known brands (H36). The market 
penetration is used as proxy for this variable. 
 
6.2.6 Competitor variables 
Competition can exist along two dimensions: first, competition for the type of products at a retailer; 
and second, competition between different type of retailers. Competition from competitor brands is 
expected to affect the promotion sales substantially (Cooper et al., 1999). When a product of a 
competitor manufacturer is on promotion in the same week, it is expected that the lift factor will be 
lower compared to a promotion where no competition exists. Although it can be expected that this 
information is available at a retailer, the current promotion forecasting models does not include any 
competitive information ((Cooper et al., 1999), (Peters, 2012)) except for the model of Van den 
Heuvel (2009). In his research for a specific retailer, significant effects where found when including 
variables for “actions in same main product group in week a” and “actions sub product group in week 
a”; however, no clear specific definition is given for main group and sub product group. 
Unfortunately, FrieslandCampina will not know certainly in advance whether a promotion is in the 
similar week as a competing brand at a specific retailer or at a national competitor. To gain insight 
into this “unknown” effect, variables are included that depicts whether a competitor brand or private 
label product in the same category has a promotion pressure of at least 90% in a promotion week x at 
one of the national retailers Albert Heijn, C1000, Jumbo or Plus. Only the largest competitor brands 
that together count for at least 80% of the market share in the category are included. It is expected that 
a promotion of a competitor brand or private label in the category in week x negatively affects the lift 
factor of the FrieslandCampina brand since shoppers have choice between similar promotions (week 
x, H37). Private label products are products of brands owned by retailers. By including this variable, 
insights are gained how much of the variance of promotional demand is due to competitor behavior 
which cannot be accounted for in advance.  
 
Research has indicated that the major part of promotional response is due to brand switching behavior 
( (Bell, 1999), (Gupta, 1988)). This can be used to include another proxy variable related to 
competitor behavior that indicates the possibility of substitution. The market share of the 

FrieslandCampina brand in its category of branded products at the retailer is included in the model. 
A higher market share indicates that less competitor brands exist for that category and the possibility 
of brand switching is therefore limited resulting in a lower lift factor (H38). A further distinction is 
made for this variable between the market shares with private label taken into account as well. An 
asymmetry may exist between the level of substitution with branded products and private label 
products. Blattberg and Wisniewski (1989) found that substitution from private label to branded 
products does occur more. Consequently, for a lower market share of the FC brand in categories with 
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a substantial part of private label a higher lift factor is expected (H39). By including both variables, it 
can be investigated whether a difference in effect size. 
 
Compared to a retailer, FrieslandCampina has the advantage of having information about comparable 
promotions at different retailers with FrieslandCampina brands over the weeks. It is expected that the 
lift factor for a specific retailer is negatively affected when a comparable promotions is hold in a 
similar week or the week before the promotion week at a different retailer (week x H40, week x-1 
H41). In this research, it is decided to include variables whether a comparable promotion is held at a 

national retailer on promotion week x or x-1, since national retailers affect the market areas of all 
other retailers. The national retailers taken into account are Albert Heijn, Jumbo, Plus and C1000. A 
comparable promotion is one in which a product in the similar category where substitution is expected 
is on promotion at a different retailer (e.g. Optimel Eat/Optimel Drinks). Based on expert interviews 
and availability of data, in this research, the dairy eat products of Boerenland, Campina, Mona and 
Optimel are analyzed in the complete dairy eat assortment since most substitution is expected in this 
category. The dairy drinks are analyzed in the added-value drinks fresh and ambient assortment which 
includes the dairy drinks other than plain milk and buttermilk. Coolbest is analyzed in the juices 
cooled assortment while DubbelFrisss products are analyzed in the juices ambient assortment. For the 
“comparable promotion” variables, the FC brands that are not part of the dataset are taken into 
account as well. For example, promotions of Appelsientje are taken into account for the juices 
ambient assortment. Besides, two variables are included that measures whether a promotion with a 

similar brand is hold at a national retailer in the promotion week or the week before. Similarly, it is 
expected that this negatively affects the lift factor (week x, H42, week x-1, H43). In the promotion 
week, the incentive for buying the product at the specific retailer is less since people may have 
stockpiled the product if the similar brand was on promotion the week before as well. 
 
Besides, the relative difference between the promotion price at the retailer and competitor sales price 

at a national retailer is included in the model as it is expected that shoppers compare prices between 
retailers even during promotions. It is expected that a higher difference increases the lift factor since 
the promotion is more attractive as shoppers can save more money (H44). By adding this variable, an 
indication of competitor behavior is included in the model (Divakar et al., 2005). 
 
6.2.7 Remarks on scientific model 
Abovementioned variables are in scope of this research. The forecasting models discussed in 
scientific literature are used as basic input and extended based on scientific literature and expert 
interviews. The distinctive aspects of this model are the addition of competitor and thereby 
substitution measures. Although these measures are just proxies and more detailed measures can be 
included, a first indication is given whether more extensively model these aspects may benefit. For 
example, by only including the effect of national players a simplification of reality is taken. In 
addition, investigating the effect of psychological prices and whether a promotion is part of a theme 
week are distinctive features in this research. Besides, by taking into account the shopper 
characteristic percentage households with children, new insights can obtained compared to previous 
research. Lastly, the addition of the more specified display variable is new. 
 
Some aspects are not taken into account due to lack of data which are expected to be a predictor for 
the future lift factor. For other aspects proxies are used to get an indication of the expected 
significance, direction and effect size. However; the indicators might not be the best measure. From 
the promotions mechanisms, instore window advertisement for the promotions (Van Loo, 2006) and 
product demonstrations are not included. The duration of promotion is not taken into account since 
only promotions of one week (i.e. 7 consecutive days) are in scope. It occurs that retailers do not 
communicate their regular sales price on promotion advertisement. Unfortunately, very limited 
information is available for the perceived price discount given by retailers. It would be an interesting 
aspect for future research. 
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7. Data sets preparation 

In this section, some important aspects with respect to the data are described. 
 
7.1. Data gathering 

Data is gathered and combined from FrieslandCampina itself and commercial parties IRI and GfK for 
the period 2013 week 28-2015 week 27. 5001 promotion events have occurred based on the selection 
criteria that both FrieslandCampina data and commercial party PCN data indicate the promotion.  
 
Several issues and limitations have led to specific aspects to mention with respect to the dataset and 
further scoping of the research: first, required data is not available for in-store promotions leaving 
them out of scope. Second, the scope is limited to promotions that last a week due to the small amount 
of promotions where the period deviates. It is decided to limit the number of assumptions by 
excluding them. Third, only price promotions are in scope because of data availability. Fourth, 
promotions for which no reliable base can be calculated are excluded. This could be due to the fact 
that less than 4 weeks are marked as non-promotion weeks in the latest 22 weeks for the promotion 
weeks. This is also the case for promotions that phase in and out and are not part of the regular 
assortment or promotions of regular products that phase out. Fifth, incidentally, no sales are registered 
on products marked as promotion. These cases are removed as well. Sixth, promotions with lift 
factors lower than one are excluded from the dataset. Van Loo (2006) indicates that those cases may 
be problematic since that these low lift factors may be caused aspects such as that the product was not 
on promotion, problems with delivery from the supplier side or wrong replenishment from the retailer 
resulting in out of stocks. Seventh, the FrieslandCampina assortment is rapidly changing due to new 
introductions and the removal of exiting tastes. Promotions with new products of the brands Coolbest, 
DubbelFrisss, Boerenland and Campina are out of scope. Promotions with new products of the other 
brands are included. Assumptions made to be able to include them because of the need of a previous 
lift factor can be found in App. 3. The last aspect to mention is that both retailers COOP (Sun-Sat) and 
Hoogvliet (Wo-Tue) have promotion weeks different from Monday to Sunday. For COOP, no 
adjustments are made and it is assumed that the promotion sales in the week from Monday to Sunday 
are equal to the quantity sold on promotion. Support for this assumption can be found in App. 3 too. 
For Hoogvliet, it is assumed that the promotion quantity of the promotion started in week x, is the 
sum of the total sales in week x and x+1 minus the base of week x. 
 
Based on abovementioned aspects, 1152 cases are removed from dataset for the initial dataset that is 
used for further analysis. 
 
7.2. Outliers 

After creating the initial dataset and the definition of variables, outliers are detected for scale 
variables. These are observations that differ strongly from others (Field, 2005). Extreme outliers 
should be detected since they can have strong influence on the estimated coefficients which 
negatively impacts the performance of the model. Univariate and multivariate outliers can be 
distinguished. Univariate outliers can be detected by calculating the standardized scores. For large 
samples, Hair et al. (2014) suggest that absolute z-values exceeding 4 are outliers. For 12 variables, 
cases exist of which one of the standardized variables exceed 4. These extreme outliers are analyzed 
and assessed. Except for the outliers for the variable baseline, all cases are excluded from the dataset. 
It is concluded that the average baseline sales of Albert Heijn is considerable higher than the average 
baseline of the total sample resulting in 42 cases marked as outlier. Therefore, it is decided to estimate 
a model based on Albert Heijn cases only besides the complete dataset.  
 
For the Albert Heijn set, a new outlier analysis is performed on the initial dataset since it may be the 
case that AH outliers from the total set are no more outliers in the new set due to specific retailer 
characteristics. The threshold used for the standardized value is 3.29 as suggested by Field (2009) for 
samples around 1000 cases. Again outliers are visible on the same 12 plus 2 extra variables which are 
assessed as well. Similar to the total set, the outliers of variable baseline are kept in the dataset. 
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Table 3 summarizes the results of the univariate outlier analysis. For the total dataset, 3617 cases are 
used for further research. For the separated Albert Heijn dataset, 1009 are in scope. For the total set, 
no new outliers are visible. However, for the AH set this is the case. Specifically, 139 new cases occur 
due to recalculation of z scores based on the new sample. However, no further actions are taken 
initially since it is not desired that the AH dataset becomes too small for further analysis. The list of 
outliers can be found in App.4. 
 
Table 3 Summary univariate outlier analysis 

 
 
7.3. Assigning dummies 

Since many variables included are nominal variables, dummy variables are created. Field (2009) 
suggests either to use the group without a special occasion as reference group, or the value which 
occurs most in the dataset to use as reference group. Dummy variables should always be interpreted 
compared to the reference category. Based on the complete dataset, the reference categories are 
assigned as shown in Table 4, 1 indicates that the dummy is a reference category. 

 
Table 4 Reference categories nominal variables based on total dataset (Calibration + Validation) 

 
7.4. Minimum sample size 

To ensure that a reliable model can be created from the data, a minimum sample size is required. 
Larger sample sizes are needed to prevent for the risk of overfitting, i.e. the risk that the results are to 
specific related to the sample (Barlett, Kotrlik, & Higgins, 2001), and to increase the power of the 

Variable Dataset Total (abs >= 4) Dataset Albert Heijn (abs >= 3.29)

Absolute discount 20 13

Baseline 42 14

Difference competitor sales price 17 12

%Growth selling stores 42 11

#Millimeter 32 29

#Weeks comparable promotional national retailer 41 34

#Weeks comparable promotionat same retailer 26 15

#Weeks until previous promotion at retailer with product 36 22

Liftfactor 17 14

Previous liftfactor 20 13

Purchase frequency of product 2 5

Regular salesprice 5 15

Relative discount 0 6

Promopressure brand at retailer 0 4

Number of individual cases market as outlier (duplicates excluded) 272 168

*Outliers of this variable are not removed from the dataset

Variable Value # Cases Reference? Variable Value  # Cases  Reference?     Variable   Value   # Cases    Reference?       

Retailer Albert Heijn 1059 1 Size in leaflet Small 658 Phychological price odd Yes 2001

COOP 509 Middle 1500 1 No 1616 1

EMTE 407 Large 649 Phychological price 9 Yes 1684

Hoogvliet 903 Page wide 810 No 1933 1

Plus 739 Place in leaflet Frontpage 538 Comparable promotion at national retailer week x Yes 2391

Brand Boerenland 49 Inside 2745 1 No 1226 1

Campina 349 Last page 334 Comparable promotion at national retailer week x-1 Yes 2787

Chocomel 163 TV support Yes 475 No 830 1

Coolbest 447 No 3142 1 Promotion with similar brand at national retailer week x Yes 1325

Dubbel Frisss 484 Magazine Yes 237 No 2292 1

Fristi 34 No 3380 1 Promotion with similar brand at national retailer week x-1 Yes 1855

Mona 937 Promotion mechanism SPO 2093 1 No 1762 1

Optimel 1154 1 2 for 612 Promotion competitor brand at national retailer Yes 1328

Category Dairy eat 1722 1 2+1 135 No 2289 1

Dairy drinks fresh 733 2+2 3 Promotion PL at national retailer Yes 529

Dairy drinks ambient 231 2nd free 53 No 3088 1

Juices Cooled 447 2nd half price 324 Promotion competitor brand or PL at national retailer Yes 1771

Juices Ambient 484 Multibuy 397 No 1846 1

Season Winter 802 Summer holiday Yes 572 National holiday Yes 454

Spring 1002 1 No 3045 1 No 3163 1

Summer 872 Sports event Yes 274 Other special day Yes 184

Autumn 941 No 3343 1 No 3433 1

Themeweek Yes 796 Savings campaign Yes 1620 Holiday period Yes 929

No 2821 1 No 1997 1 No 2688 1

Ambient or Fresh Ambient 715

Fresh 2902 1

Total cases 3617
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model while decreasing the estimation error. Moreover, the sample size affects which effect sizes will 
be detected (Field, 2009). Several rules of thumb exist to determining the minimum sample size and it 
seems that no general rule exists. Barlet et al. (2001) claim that the ratio observations to independent 
variables should never fall below 5, while Miller & Kunce (1973) suggest to use a ratio of 10 to 1. 
Green (1991) suggests to test the overall model fit the sample size should be at least 50 + 8& with & 
the number of independent variables. Despite of the fact that no general rule exists, those rules give 
good indication of the minimum samples needed. In this research, one case exists of one promoted 
SKU in a specific promotion event at a specific retailer.  
 
7.5. Dataset split 

Before continuing, the dataset splits are elaborated on. First of all, the available data should be split 
into a calibration and validation set. In addition, it is decided to split the dataset in multiple sets to test 
the effect of more specific and general subsets on the results. First, besides the complete set, a set with 
Albert Heijn cases only is tested. The research of Peters (2012) shows that splitting among categories 
can be beneficial for obtaining better models; however, it depends on the product group. Therefore, 
splits are made based on the categories included: dairy eat products, dairy drinks and juices. In 
Section 10.1 the need to transform variables will be discussed. To explain the other data splits it is 
important to note in advance that variables lift factor and minimum shelf life are transformed. 
Analysis of the double top of the LN_lift factor histogram as shown in Figure 23 of App. 7, indicate 
that the double top is caused by brands Mona and DubbelFrisss both having a higher average LN_lift 
factor (Figure 15 of App. 5). Therefore, a model is estimated on all retailers and the remaining brands. 
The histogram of variable LG10_minimum shelf life (App. 7) at the retailer DC indicates that a 
dataset split between ambient and fresh products might be of interest as well. Because of the high 
company interest for brand Mona, a separated model is estimated for this brand. Lastly, a distinction 
is made between fast and slow movers. The purchase frequency of those products differs. Details on 
the determination of fast- and slow moving products can be found in App. 6.  
It is decided to use the period 2013 week 28 - 2015 week 1 as calibration period and the 2015 week 2 
-2015 week 27 as validation. Timing seems a logical split since then, historical data is used to predict 
the future demand. In the validation set, 69 cases exists with a promotion mechanism that did not 
occur in the calibration set; since regression coefficients for these dummies are not estimated these 
cases are excluded. It should be noted that the determined outliers are kept into the validation set since 
it is not known beforehand which future promotions are outliers. Table 5 shows the sample sizes of 
the datasets. It can be concluded that datasets Ambient, Slow movers and Albert Heijn Dairy Eat seem 
a bit small; so those results should be interpreted a bit more careful; the other datasets satisfy the 
minimum sample size. 
 
Table 5 Sample size dataset 

 
 
Since the number of outliers does not substantially differ between the complete and Albert Heijn set, 
it is decided to base all other splits on the complete set except for the Albert Heijn set. This means that 
outliers are already removed and if the complete set satisfies the assumptions for multiple regressions, 
the subsets do that as well. 
 

Dataset # Cases calibration # Cases validation Dataset # Cases calibration # Cases validation 

Complete 2524 1087 Fresh with Mona 2036 853

Complete without Mona + 

DubbelFrisss 1502 722 Mona 670 230

Drinks 1367 547 Albert Heijn 704 313

Eat 1157 540 Albert Heijn Dairy Eat 338 163

Juices 698 240 Fastmovers 2106 910

Ambient 488 234 Slowmovers 418 177

Fresh without Mona 1366 623
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8. Assessing the goodness of fit 

To assess the performance of the different models, several performance measures are used which are 
briefly discussed. To assess the predictive value of a model, no general measure exists which 
outperforms all other values therefore several measures are used and results are combined. The 
measures can be divided into measures for model selection and for testing the performance.  
 
For model selection, a widely used measure to assess the goodness of fit is the '()*+,-.)/  (Formula 2) 
value which represents the variance that can be explained by the model in the calibration set (Field, 
2009). The value is corrected for the number of observations 0 and predictors 1 and can therefore be 
used to compare between different models.  
 

'()*+,-.)/ = 1 − 41 − '/5 678
67978         (2)

   
Caution should be taken into account when using this measure since the value already increases when 
variables are included with a p-value of 0.3 meaning that variables are included which are not 
significant (Fahrmeir, Kneib, Lang, & Marx, 2013). Therefore, another measure for model selection 
suggested by Fahrmeir et al. (2013) is used as well: :;<<=>?@	A9. This measure takes into account 
both the goodness of fit and the complexity of the model. It is desired to have a parsimonious model. 
The objective is to minimize the value of	:;<<=>?@	A9.  
 
Since previous measures cannot be used during validation, other measures are used. One forecasting 
measure that is used is the Mean Absolute Percentage Error (MAPE, Formula 3) which is popular in 
forecasting literature and has been the most widely used measure (Mentzer & Kahn, 1995) (Goodwin 
& Lawton, 1999) (McCarthy et al., 2006). The value of MAPE should be as low as possible. 
 

:BCD = E86F∑ HI.J(6)K7LMN.O(,-K
I.J(6)K H !1006-P8  with 0 the number of promotions   (3) 

 
Several drawbacks of the MAPE exist. Underestimated forecasts are bounded by an error of 100%; 
however, no upper bound for overestimates exists meaning that a heavier penalty is given for those 
errors (Armstrong & Collopy, 1992). Although it is expected that out-of-stock and overstock penalties 
are not equal for FrieslandCampina, it could be questioned whether it is desired to penalize overstock 
more such as MAPE. Moreover, the MAPE weights all cases equal not differentiating between fast 
and slow movers. Therefore, a bit of caution is suggested when interpreting MAPE. 
 
Three absolute measures are used to assess the performance of the models: the Average Bias (AB, 
Formula 4), Root Mean Squared Error (RMSE, Formula 5) and the Mean Absolute Deviation (MAD, 
Formula 6). All measures are calculated based on both the lift factor and the promotional sales. The 
average promotion quantity (total sum of consumer units sold in validation period divided by the 
number of promotions in the validation period) is presented as well to put the values of these absolute 
measures in perspective of the subsets. AB indicates the structural deviation from the actual demand, 
MAD measures the average magnitude of the error where the RMSE represents the actual size of an 
‘average’ error (Swanson, Tayman, & Bryan, 2011) while giving more weight to bigger errors. The 
forecast accuracy is calculated as defined in Formula 7. 

BQ = 8
6 ∗ ∑ 4STU;0V- − W=XTY;@Z-6-P8 5       (4) 

 

':[D = \8
6 ∗ ∑ 4STU;0V- − W=XTY;@Z-5/6-P8        (5)

    

:BS = 8
6 ∗ ∑ |W=XTY;@Z- − STU;0V-	|6-P8        (6) 

        
W=XTY;@Z	;YY^X;Y_ = 1 −:BCD        (7) 
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Part 3: Model results & adaptions 

Before the results are discussed, first the multivariate outlier 
analysis is discussed and the assumptions for multiple 
regressions are checked. After discussing the results, the model 
robustness is investigated and the relationship with retailer orders 
is explored. Lastly, the relationship between retailer and 
manufacturer is discussed. 
 

9. Multivariate outliers 

By calculating the Mahalanobis distance, multivariate outliers can be detected. When running the 
model on the complete dataset 25 cases are potential multivariate outliers. With the high number of 
independent variables, it is impossible to investigate manually whether the cases are unusual 
combinations. Therefore, the leverage and Cook’s distance are consulted which determine influential 
cases. Since none of the cases are determined as influential, all potential multivariate outliers are kept 
in the dataset. 
  

10. Assumptions for multiple regression 

In this section, first the transformations of the variables are discussed. Second, it is described why a 
general multiple regression analysis using ordinary least squares was shown not applicable in the 
current research by considering the assumptions for multiple regression. The results shown result in 
decision to use of a general least square method and for this method the satisfaction of the 
assumptions is discussed as well. In this section, only the complete dataset is discussed. In App. 8, the 
results for the Albert Heijn dataset can be found as well.  
 
10.1. Need for Transformations 

Initial exploration of the assumptions for the normality of the error terms and homoscedasticity 
indicated that transformations are needed to satisfy these assumptions. Transformations are used to 
transform the distribution of the variable data closer to the normal distribution which is a way to solve 
the problem of rejecting the assumptions. Table 6 provides an overview of the transformations used in 
the model. Detailed information of the transformations can be found in App. 7. 
 
Table 6 Transformed variables 

 
 
10.2. Independence of errors for any two observations 

Using the Durbin-Watson test, it can be checked whether serial correlation occurs in which the 
residual terms of two observations are not independent. The value can vary between 0 and 4 of which 
2 indicates no autocorrelation (Field, 2009). By running a stepwise regression analysis, the value of 
1.205 indicates a substantial level of autocorrelation. This is problematic since variables may then be 
shown significant wrongly since variances are underestimated. It was expected that the 
autocorrelation was due to the fact that several promotions of SKUs are part of a specific promotion 
event at a retailer in a specific week, i.e. a promotion with all SKUs of a specific brand. However, a 

Untransformed variable Corresponding transformed variable

Lift factor LN (lift factor)

#Products on promotion LN(#Products on promotion)

#MM 10log(#MM+1)

#Weeks since previous promotion with product at retailer 10log(#Weeks since previous promotion with product at retailer)

Purchase frequency 10log(Purchase frequency)

Baseline LN(Baseline)

Previous lift factor LN(previous lift factor)

#Weeks comparable promotion at same retailer 10log(#Weeks comparable promotion at same retailer)

#Weeks comparable promotion at national retailer 10log(#Weeks comparable promotion at same retailer+1)

Min. shelflife at retailer dc 10log(Min. shelflife at retailer dc)

%Growth number of sellingstores 10log(%Growth number of sellingstores+1)



Page 24 
 

mixed linear model with “promotion event” as random effect did not solve the problem; neither 
Cochrane-Orchut procedures brought the most satisfying results. The Prais Winsten method is a two 
stage procedure where beta coefficients are first estimated based on OLS; subsequently, a correction 
is made because of the autocorrelation (Fahrmeir et al., 2013). The Prais Winsten method is a general 
least squares method in which the assumption of uncorrelated errors should not necessarily be 
satisfied (Burke, 2010). By using Prais Winsten the level of autocorrelation the Durbin Watson value 
substantially improved to 2.148 which is close to 2. Therefore Prais Winsten regression is used in the 
remainder of this research. For Prais Winsten, the other assumptions similar to OLS regression should 
be satisfied. Since the statistical packages SPSS does not provide all the desired information with 
respect to checking assumptions, the results of the corresponding stepwise models OLS model are 
used. The OLS estimates are consistent (Fahrmeir et al., 2013) and thereby unbiased for prediction. 
 
10.3. No perfect multicollinearity 

To check whether no perfect linear relationship exists between two or more predictions, the 
correlation between the predictors is assessed using the Variance Inflation Factors (VIF). No clear 
threshold exists. Bowerman & O’Connell (1990) suggest that the average VIF should not be higher 
than 1 while others state that individual VIF should not exceed 10 (Meyers, 1990), (Hair et al, 2014). 
The final model satisfies this assumption with an average VIF of 2.2 and a highest value of value 5.59 
which is the only one above 5. High VIF factors were initially shown during the modelling process. It 
was checked whether a high Pearson correlation existed with other variables included. As theoretical 
explanations could be given, the variable that contributes less to the explanation of the variance of the 
model was removed. Since Prais Winsten results do not provide multicollinearity measures; the 
models are first determined using stepwise regression analysis to ensure no problems occur with this 
assumption. With the resulting variables as input, the final Prais Winsten model is obtained. Since 
stepwise regression datasets with autocorrelation determines significant relationships too fast, it is 
expected that using this approach all significant variables are found in the final model. 
 
10.4. Normality of residuals 

The normal probability plot and histogram in Figure 24 of App. 8 show that the residuals are normally 
distributed satisfying this assumption. 
 
10.5. Linearity 

The partial regression plots are checked to ensure that the relationship of a single independent variable 
and the dependent variable is linear. The representation of the plots takes into account that is 
controlled for the effects of all other independent variables (Hair et al, 2014). The plots can be found 
in Figure 26 of App. 8. Only the previous lift factor plot shows an up sloping trend. It is checked 
whether other transformations improve the results; since this is not the case the LN form is kept.  
 
10.6. Homoscedasticity 

The variance of the residual terms of the predictors is constant since the scatterplot of the standardized 
predicted value of the dependent variables and standardized residuals in Figure 25 in App. 8 looks like 
a random set of dots. 
 

11. Model results 

In this section, first, a short overview is given of the results based on the calibration set. Second, the 
overall performance of the different models based on the validation set is described. Third, the 
significant variables are further elaborated on and the hypotheses are discussed. 
 
11.1. General performance of the model 

Several models are developed based on the different datasets.  



Page 25 
 

Table 7 provides an overview of the main characteristics. Models are built on the split datasets. Since 
it is unknown beforehand whether a competitor brand or private label is on promotion during the 
promotion week, a distinction is made between the performance of the models with (numbers 1,2,3..) 
and without these competitor variables (numbers 1.a, 2.a,3.a..) included. The difference in '/ 
indicates that those variables do explain part of the variance of promotion demand. Besides, based on 
the results of the initial models with main effects only, interactions are added in the models with 
(numbers 1.i, 2.i, 3.i) and without unknown competitor variables (numbers 1.ai,2.ai,3.ai..). 
Interactions are discussed in Section 11.3.7. 
 
Looking at the sample sizes, it can be concluded that all satisfy the minimum of 50+8k; however, the 
Ambient (6) Albert Heijn Dairy Eat (11) and slow movers (13) datasets are small. The adjusted '/ 
values that indicate the percentage variance explained by the model varies between 67.4% and 88.9%. 
Especially the higher values are promising for the performance of the models of the validation. A 
remarkable aspect to mention is the difference in number of predictors that varies.  
 
Table 7 Characteristics of models on calibration set 

 
11.2. Validation 

The main test for the performance of a forecasting model is based on the validation sample. This 
sample is used to test the robustness of the model and these results are used to compare the 
performance of the models. As mentioned, outliers are kept in the validation set since it is unknown 
beforehand for the company whether a promotion will be an outlier. First, the results of the models 
with main effects only are presented; afterwards the result of adding interactions is described.   
 
The values of the different performance indicators for the models with main effects only are presented 
in Table 8. Since the RMSE and MAD are absolute performance measures and based on the specific 
dataset; those values are divided by the average promotion quantity for the specific subset enabling 
comparison. Both the RMSE on the lift factor and promotion quantity are presented to show the 
difference caused by the different baseline values of the products. The values on the promotion 
quantities are the errors in consumer units and therefore most relevant for the company. Only the 
results of models without the unknown competitor information (number +a/ai) are presented, the 
others (numbers only) can be found in Table 21 and Table 22 of App. 9. The remaining analysis is 
focused on the models without this unknown information since only those can be used for forecasting.  
 
Overall, it can be concluded that the performance of the models substantially differ. Direct 
comparison of the results is not completely fair since the validation sets differ according to the 
different subsets. However, initial conclusions can be drawn on the results and the further analysis is 
later elaborated on. First, the subset models are considered. All but drinks (3.a), juices (5.a) and fast 

Model

Dataset unknown competitor 

variables included

Adj. R2 in 

calibration # Pred Model*

Adj. R2 in 

calibration # Pred

Model

**

Adj. R2 in 

calibration # Pred

Model

***

Adj. R2 in 

calibration # Pred # Cases

Avr 

PQ**** Avr LF 

1 Complete 74.2% 27 1.a 73.8% 28 1.i 71.9% 34 1.ai 71.6% 34 2524 24210 5.89

2 Complete excl Mona + DubbelFrisss 68.3% 31 2.a 67.5% 27 2.i 70.5% 43 2.ai 69.3% 29 1502 23878 4.08

3 Drinks 77.6% 26 3.a 77.1% 22 3.i 78.6% 29 3.ai 78.1% 27 1367 29326 5.55

4 Eat 74.0% 18 4.a 74.0% 18 4.i 74.5% 22 4.ai 74.5% 22 1157 18165 6.29

5 Juices 80.1% 21 5.a 77.3% 18 5.i 81.8% 25 5.ai 78.9% 21 698 28285 6.89

6 Ambient 72.4% 14 6.a 71.3% 14 6.i 75.9% 24 6.ai 75.9% 24 488 24218 8.36

7 Fresh excl Mona 69.5% 30 7.a 67.4% 26 7.i 70.0% 32 7.ai 68.7% 31 1366 21211 3.89

8 Fresh incl Mona 73.3% 30 8.a 72.6% 28 8.i 74.4% 36 8.ai 73.6% 35 2036 20501 5.30

9 Mona 69.7% 18 9.a 68.4% 16 9.i 72.6% 21 9.ai 70.8% 20 670 19055 8.17

10 Albert Heijn (separate dataset) 84.1% 20 10.a 84.1% 18 10.i 84.3% 22 10.ai 84.3% 22 704 61620 4.78

11 Albert Heijn Dairy Eat 88.9% 19 11.a 88.9% 16 11.i 88.9% 19 11.ai 88.9% 16 338 42436 4.76

12 Fastmovers 76.9% 25 12.a 76.4% 24 12.i 78.7% 38 12.ai 78.3% 37 2106 27771 5.96

13 Slowmovers 81.9% 22 13.a 81.7% 23 13.i 82.9% 31 13.ai 82.5% 31 418 6267 5.55

Dataset calibration*****

*Model without unknown competitor variables and interactions, **Model including unknown competitor variables and interactions

***Model without unknown competitor variables and including interactions, ****Promotion: one SKU in promotion at a retailer

*****(Avr) LF = (Average) lift factor, (Avr) PQ = (Average) promotion quantity, Adj. R2 = Adjusted R squared, #Pred = Number of predictors
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mover (12.a) subset models seem to perform worse to the complete model (1.a) based on the higher 
MAPE values and higher ratio MAD and average promotion quantity. Some subsets perform slightly 
better on the ratio RMSE and promotion PQ and the bias; however, overall it is concluded that those 
models do not seem to perform better. The dedicated models for Ambient (6.a), Mona (9.a) and slow 
movers (13.a) products show extremely high MAPE values, a strong structural overestimation and 
high values for the absolute error measure ratios. 
 
Table 8 Results validation of models with main effects only 

 
Compared to the model estimated on all products and retailers (1.a), the better MAPE values and 
comparable or better MAD and bias of the models including drinks (3.a), juices (5.a) and fast movers 
(12.a) indicate that further analysis on the performance is needed to draw conclusions on the best 
model. For a fair comparison between the performance of the subset models and the complete model, 
the performance of the complete model on each of the subsets used is shown in Table 9. It can be 
concluded that the complete model outperforms all subset models based on the MAPE except for the 
fast movers (12.a) model. For the dedicated juices model (5.a), the other measures than MAPE are 
slightly better than the values of complete model (1a). The fast movers model (12.a) performs best on 
the fast mover subset based on a slightly better MAPE and reduced bias compared to the complete 
model (1.a). However, the RMSE and MAD of the promotion quantity are lower when estimating the 
fast movers using the complete model. Overall, none of both models is unambiguously preferred. To 
gain more insights, the performance of the fast movers model is also tested for all cases (called model 
14.a) and combined with the complete (1.a) and slow movers (13.a) model for the slow movers cases 
on the validation set (Table 23 of App. 9). Based on Table 8 and Table 23, it can be concluded that the 
performance of the fast movers model (12.a) and complete model (1.a) is comparable for the fast 
mover subset while the performance of the complete model is better on the slow mover subset. From 
the models considered, the complete model (1.a) seems best to use. The regression coefficients of the 
subset models with main effects only (.a) can be found in Table 24-Table 36 of App. 10. 
 
Since the performance of the subset models differ substantially, interactions are added to the initial 
models aiming for better performance. A fixed set of interactions is investigated in order to improve 
the models developed. It is decided to keep the main effect that is part of an interaction always in the 
model as well as it improves interpretability which is desired when using the model in practice. 
Details on the type of interactions are discussed in 11.3.7. The results on the validation sets of the 
models without unknown competitor variables can be found in Table 10. The subset model Albert 
Heijn Dairy Eat (11.a) did not improve by adding the interactions considered. 
 
Similar to the models with main effects only, the results indicate that the model estimated on data of 
all retailers and products (1.ai) seems one of the best performing models. The juices submodel (5.ai) 

Model Description

Adj. R2 in 

calibration RMSE LF

RMSE 

LF/(Avr LF) RMSE PQ

RMSE 

PQ/(Avr 

PQ) MAPE MAD

MAD/(

Avr PQ) Bias Avr PQ

Avr 

LF #Predictors

1.a Complete 73.8% 1.99 0.36 13,503 0.62 25.98% 4788 0.22 4.97% 21775 5.49 28

2.a

Complete excl Mona + 

DubbelFrisss 67.5% 1.70 0.42 16,063 0.81 28.63% 5025 0.25 1.53% 19936 4.08 27

3.a Drinks 77.1% 2.16 0.36 18,020 0.67 25.65% 6613 0.25 4.65% 26834 5.97 22

4.a Eat 73.9% 2.20 0.44 8,239 0.49 34.10% 4161 0.25 -9.94% 16650 5.00 18

5.a Juices 77.3% 2.35 0.29 10,218 0.33 24.56% 5292 0.17 -2.91% 31076 8.06 18

6.a Ambient 71.3% 2.64 0.33 33,888 1.03 45.61% 12115 0.37 -29.61% 33019 7.90 14

7.a Fresh excl Mona 67.4% 1.50 0.38 11,021 0.61 26.11% 4044 0.22 12.37% 18110 4.01 26

8.a Fresh incl Mona 72.6% 1.86 0.39 9,383 0.50 29.93% 3961 0.21 2.18% 18690 4.83 28

9.a Mona 68.4% 4.61 0.66 15,962 0.79 61.78% 7314 0.36 -24.72% 20262 7.04 16

10.a Albert Heijn 84.1% 1.69 0.37 27,957 0.52 29.71% 13850 0.26 -2.91% 53414 4.52 18

11.a Albert Heijn Dairy Eat 88.9% 1.96 0.41 16,135 0.39 31.81% 11500 0.28 7.56% 41448 4.71 16

12.a Fastmovers 76.4% 1.96 0.34 15,648 0.62 23.87% 5511 0.22 3.97% 25132 5.68 24

13.a Slowmovers 81.5% 2.67 0.59 2,793 0.62 37.07% 1535 0.34 1.85% 4515 4.49 22

Prais Winsten

*No unknown competitor predictors included.

**(Avr) LF = (Average) lift factor, (Avr) PQ = (Average) promotion quantity, Adj. R2 = Adjusted R squared

Dataset Validation*
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performs better on all measures while Fresh without Mona (7.ai) outperforms this model on two 
measures. Three models (3.ai, 11.ai and 12.ai) have only one performance measure outperforming the 
result of the complete model. However, again, the results of the validation of the complete model with 
interactions (1.ai) on each of the datasets are needed for fair comparison.  
 
Table 9 Validation of the complete model (1.a) on each of the subsets 

 
Table 10 Results validation of models including interactions 

 
The results shown in Table 11 indicate that that all models except for the Juices (5.ai) and Fresh 
excluding Mona (7.ai) are clearly outperformed by the complete model (1.ai). For the Juices set, the 
increase in RMSE promotion quantity ratio and bias is compensated by the substantial decrease in 
MAPE value and better RMSQ lift factor ratio while having a comparable MAD ratio indicating that 
the complete model (1.ai) outperforms this subset model as well. Comparison with the Fresh model 
exclusive Model (7.ai) indicates that the performance based on the absolute measures is almost 
comparable. The subset model (7.ai) with a slightly lower MAPE value but higher bias performs close 
to the complete model (1.ai); however, since the decrease in MAPE (- 0.92%) is obtained by a higher 
bias (+1.89%) using the complete model seems desired.   

Model Description

Adj. R2 in 

calibration RMSE LF

RMSE 

LF/(Avr LF) RMSE PQ

RMSE 

PQ/(Avr 

PQ) MAPE MAD

MAD/(

Avr 

PQ) Bias Avr PQ

Avr 

LF #Predictors

1.ai Complete incl. interactions 71.6% 1.93 0.35 11,109 0.51 26.68% 4,410 0.20 0.87% 21,775 5.49 34

2.ai

Complete excl Mona + 

DubbelFrisss 69.3% 1.93 0.47 18,891 0.95 31.08% 5252 0.26 -2.98% 19936 4.08 29

3.ai Drinks 78.1% 2.04 0.34 20,403 0.76 27.47% 6721 0.25 -4.29% 26834 5.97 27

4.ai Eat 74.5% 3.25 0.65 8,500 0.51 43.02% 4625 0.28 -15.90% 16,650 5.00 22

5.ai Juices 78.9% 2.48 0.31 9,578 0.31 25.68% 5305 0.17 0.86% 31076 8.06 21

6.ai Ambient 75.9% 3.06 0.39 30,021 0.90 40.81% 9894 0.30 -17.80% 33,177 7.91 24

7.ai Fresh excl Mona 68.7% 1.46 0.36 9,113 0.50 25.41% 3614 0.20 6.58% 18110 4.01 31

8.ai Fresh incl Mona 73.6% 1.83 0.38 10,497 0.56 27.70% 4207 0.23 12.29% 18690 4.83 35

9.ai Mona 70.8% 4.28 0.61 14,166 0.70 57.05% 6691 0.33 -21.97% 20262 7.04 20

10.ai Albert Heijn 84.3% 1.65 0.36 28,352 0.53 29.45% 13744 0.26 -4.06% 53,414 4.52 22

11.ai Albert Heijn Dairy Eat 88.9% 1.96 0.41 16,135 0.39 31.81% 11500 0.28 7.56% 41448 4.71 16

12.ai Fastmovers 78.3% 1.99 0.35 18,453 0.73 26.66% 5865 0.23 -4.77% 25132 5.68 37

13.ai Slowmovers 82.5% 3.45 0.77 3,844 0.85 53.55% 1972 0.44 -23.02% 4515 4.49 31

Dataset Validation* Prais Winsten

*No unknown competitor predictors included.

**(Avr) LF = (Average) lift factor, (Avr) PQ = (Average) promotion quantity, Adj. R2 = Adjusted R squared

Model Description

Adj. R2 in 

calibration RMSELF

RMSE LF/ 

(Avr LF) RMSE PQ

RMSE PQ/ 

(Avr PQ) MAPE MAD

MAD/ 

(Avr PQ) Bias Avr PQ

Avr 

LF

1.a Complete 73.8% 1.99 0.36 13,503 0.62 25.98% 4,788 0.22 4.97% 21,775 5.49

2.a

Complete excl Mona + 

DubbelFrisss 73.8% 1.62 0.40 15,279 0.77 26.88% 4,901 0.25 4.34% 19,936 4.08

3.a Drinks 73.8% 2.14 0.36 17,913 0.67 25.56% 6,409 0.24 5.95% 26,834 5.97

4.a Eat 73.8% 1.83 0.37 6,481 0.39 26.41% 3,146 0.19 3.38% 16,650 5.00

5.a Juices 73.8% 2.54 0.32 14,838 0.48 19.71% 6,067 0.20 12.21% 31,076 8.06

6.a Ambient 73.8% 2.85 0.36 21,640 0.66 29.07% 8,083 0.24 -5.25% 33,019 7.90

7.a Fresh excl Mona 73.8% 1.43 0.36 10,951 0.60 24.22% 4,002 0.22 13.38% 18,110 4.01

8.a Fresh incl Mona 73.8% 1.69 0.35 10,193 0.55 25.13% 3,884 0.21 9.92% 18,690 4.83

9.a Mona 73.8% 2.23 0.32 7,778 0.38 27.59% 3,563 0.18 1.56% 20,262 7.04

10.a Albert Heijn 73.8% 1.60 0.35 24,397 0.46 22.51% 11,411 0.21 3.61% 53,415 4.52

11.a Albert Heijn Dairy eat 73.8% 1.76 0.37 11,402 0.27 19.35% 7,213 0.17 3.10% 42,345 4.71

12.a Fastmovers 73.8% 2.00 0.35 14,731 0.59 24.19% 5,486 0.22 5.43% 25,132 5.68

13.a Slowmovers 73.8% 1.95 0.43 2,025 0.45 34.18% 1,197 0.27 -8.19% 4,515 4.49

Dataset Validation Prais Winsten
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Table 11 Validation of the complete model including interactions (1.ai) on the subsets, the green 
blocks indicate better or equal performance than the complete model (1.a) 

 
To decide on the best model overall, the performance of the best model with main effects only (1.a) 
and with interactions (1.ai) are compared. The green blocks in Table 11 indicate when the complete 
model with interactions (1.ai) outperforms the complete model compared with the results presented in 
Table 9. While the best performing model based on the RMSE of the lift factor seem ambiguous; 
overall, the MAPE values of the complete models with main effects only (1.a) are better. However, 
comparing the overall better MAPE values with the worse bias on most validation sets (model 1.a); it 
can be concluded that the better MAPE values do not compensate for the substantially higher absolute 
bias values. Moreover, the RMSE on promotion quantities and the MAD measures are generally 
better for the complete model with interactions indicating that this model (1.ai) is the best model. The 
regression coefficients of the subset models with interactions can be found in Table 40 - Table 51 of 
App. 12. Details of the complete model with interactions (1.ai) can be found in Table 38 of App. 11. 
 
A short further elaboration on the current result is presented. Due to the double top in the histogram of 
the dependent variable, it was decided to exclude Mona and DubbelFrisss from the complete and fresh 
datasets. Overall, it seems better to predict the model on the datasets where those brands are added. 
Although the MAPE for the fresh set without Mona is better, the errors measures are worse and the 
model is more biased. Compared to the complete model where only those brands are removed 
(2.a/2.ai), adding those brands (1.a/1.ai) improves performance on the MAPE while slightly loosing 
on the bias measure. The performance of the MAD is comparable and on the RMSE values, the model 
including those brands performs better. Splitting the dataset based on different product categories 
which has shown useful to obtain better performance ( (Peters, 2012), (Van der Poel, 2010), (Van 
Donselaar et al., 2015)) seem not endorsed in the current research based on the fact that a model 
estimated on the complete set (1.ai) performs best. The fact that the models based on all retailers 
(1.a/1.ai) outperforms the specific Albert Heijn models (10.a/10.ai) indicate that there might be a 
benefit for retailers to cooperate with manufacturers in forecasting as well. 
 
11.3. Significance of the regression coefficients 

In this section, it is discussed which variables explain the variances in the models based on the 
direction, significance and magnitude of the effect size. The previous analysis has shown that the 
complete model with interactions (1.ai) is suggested to use in practice as it outperforms all other 
models considered. The analysis in this section and thereby testing the hypothesis is therefore based 
on the results of this model. The regression coefficients of this model can be found in Table 38 of 
App. 11. Some of the variables turned out to be significant in one of the subset models but are not part 
of the complete model. Since the performance of the complete model outperforms the subset models, 
the significance of variables in these models will not be elaborated on. As mentioned previously, 

Model Description

Adj. R2 in 

calibration

RMSE 

LF

RMSE LF/ 

(Avr LF) RMSE PQ

RMSE 

PQ/(Avr 

PQ) MAPE MAD

MAD/ 

(Avr PQ) Bias Avr PQ

Avr 

LF

1.ai Complete 71.6% 1.93 0.35 11,109 0.51 26.68% 4,410 0.20 0.87% 21,775 5.49

2.ai Complete excl Mona + DubbelFrisss 71.6% 1.62 0.40 12,148 0.61 28.20% 4,393 0.22 -0.10% 19,936 4.08

3.ai Drinks 71.6% 2.00 0.33 14,194 0.53 26.13% 5,629 0.21 0.95% 26,834 5.97

4.ai Eat 71.6% 1.86 0.37 6,659 0.40 27.25% 3,175 0.19 0.74% 16,650 5.00

5.ai Juices 71.6% 2.27 0.28 13,754 0.44 20.66% 5,816 0.19 3.79% 31,076 8.06

6.ai Ambient 71.6% 2.58 0.33 15,712 0.47 27.93% 6,855 0.21 -6.33% 33,177 7.91

7.ai Fresh excl Mona 71.6% 1.48 0.37 9,928 0.55 26.33% 3,790 0.21 4.69% 18,110 4.01

8.ai Fresh incl Mona 71.6% 1.72 0.36 9,492 0.51 26.36% 3,749 0.20 4.32% 18,690 4.83

9.ai Mona 71.6% 2.24 0.32 8,194 0.40 26.44% 3,635 0.18 3.44% 20,262 7.04

10.ai Albert Heijn 71.6% 1.61 0.36 19,970 0.37 22.63% 10,410 0.19 -0.03% 53,415 4.52

11.ai Albert Heijn Dairy eat 71.6% 1.86 0.39 11,753 0.28 21.00% 7,345 0.18 -0.63% 41,449 4.71

12.ai Fastmovers 71.6% 1.93 0.34 12,113 0.48 24.97% 5,044 0.20 1.24% 25,132 5.68

13.ai Slowmovers 71.6% 1.96 0.44 1,878 0.42 35.52% 1,148 0.25 -9.83% 4,515 4.49

Dataset Validation Prais Winsten
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those variables are used to determine potential interesting interactions as will be discussed in Section 
11.3.7. 
 
As previously described, a distinction is made in the best model for prediction and the model that will 
be used to test the hypothesis. The variable previous lift factor is excluded as it comprises indirect the 
values of the other variables of a previous promotion; thereby it can overrule the significance of other 
variable as the variable explains the same variance. Moreover, the true effect of the variables can be 
disturbed when keeping this variable in the model for analysis (Van Donselaar et al., 2015). For the 
variables where this is the case, a note is made when discussing the hypothesis. Based on the results, 
first the hypotheses of the significant variables are discussed in this section categorized per variable 
category. Second, the hypotheses on variables part of the interactions are discussed. Afterwards, the 
non-significant effects are discussed. The regression coefficients of the complete model (1.ai) without 
the previous lift factor variable are presented in Table 12. 
 
Before discussing the results it is worth to mention that it is important to understand that the dummy 
variables included should be interpreted against the reference category. Second, the regression 
coefficients estimated represent the effect on the lift factor conditional to the situation that the value 
of all other predictors in the model does not change.  
 
Table 12 Regression coefficients complete model (1.ai) without previous lift factor 

 
11.3.1 Product variables 
The previous lift factor is uncontested one of the most important predictors for the future lift factor 
(Table 38 of App. 11) having the highest standardized effect size in almost all models. Basically, this 
variable indicates the behavior of a specific product in a previous promotion comprising specific 
product aspects. The results indicate that the lift factor of a previous promotion is important to take 
into account with forecasting (H2 confirmed). Currently, the previous lift factor is often not used at 
the company. Instead, a comparison is made based with a lift factor of a comparable promotion based 
on aspects such as the promotion mechanism. This is more or less in line with the research of Cooper 
(1999) that uses the sales of a past promotion with similar display and advertisement which has also 
been shown an important predictor for promotional sales. Scientific literature has not yet found the 

Unstandardized 

Coefficients

Standardized 

Coefficients

Unstandardized 

Coefficients

Standardized 

Coefficients

B Beta B Beta

Relativepricediscount 1.296 .180 .000 Season_Winter -.053 -.022 .267

LN #Products on promotion -.108 -.087 .000 Brand_Campina -.161 -.066 .001

Volumedisplay .546 .412 .000 Brand_Fristi .136 .020 .145

Centered LG10  Min.shelflife at retailerdc .172 .113 .000 Summerholiday -.138 -.066 .000

LG10 Growth selling stores 2.091 .228 .000 Phychological price Is odd -.039 -.030 .031

Retailer COOP -.001 .000 .989 PromoM 2for -.132 -.064 .000

PlaceL Front .186 .091 .000 Centered Temperature .002 .017 .418

Category JuicesCooled .093 .042 .017 Nationalholiday -.088 -.029 .050

Display .249 .138 .000 PromoM Multibuy -.123 -.055 .025

LG10 Purchase frequency of product
-1.788 -.328 .000

Promotion with similar brand at 

national retailer week x
-.001 -.001 .963

PromoM 2ndhalfprice -.310 -.106 .000 TV support .044 .018 .217

Retailer EMTE .521 .230 .000 Inter COOP Volume display -.438 -.162 .000

#Promotions product previous year .039 .132 .000 Inter EMTE Volume display -.473 -.173 .000

PlaceL Back .133 .050 .001 Inter Autumn Campina -.038 -.010 .578

Comparable promotion at national 

retailer week x
.103 .066 .000 Inter Winter Campina .231 .033 .024

Brand Boerenland -.207 -.050 .001 Inter Mulibuy Centeredshelf .287 .108 .000

LN Baseline .008 .017 .370 Inter Fristi Centered  

Temperature
.011 .007 .583

Other special day -.072 -.019 .152 (Constant) 1.143 .000

Season Autumn -0.069 -0.04 .076

SigSig

Regression Coefficients

The Prais-Winsten estimation method is used.
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best approach which might be interesting to investigate in future research. Finding criteria on which 
past promotion to take are then required as well. Based on the current research, no conclusion can be 
drawn whether it is better to use the direct previous lift factor or a previous “last like” lift factor. 
 
The susceptibility to stockpiling is similar to the research of Van der Poel (2010) measured by the 
variables shelf life, volume of the product and the purchase frequency of the product. The shelf life 
variable is discussed in Section 11.3.7 because of the interaction term. The purchase frequency has 
been shown an important predictor for the lift factor. In line with the hypothesis and the results of Van 
der Poel (2010), the results show that a lower purchase frequency increase the lift factor (H6 

confirmed). Interestingly, contrary to other research ( (Peters, 2012), (Van Donselaar et al., 2015)) 
the baseline sales has not been found significant (H1 rejected). Compared these other models, the 
variable purchase frequency of the product is extra added in the current model which has a strong 
negative effect. It seems that these variables explain similar type of variance. This could be expected 
as a lower purchase frequency per shopper is directly related to lower baseline sales. This observation 
seems to contradict with the claim of Cooper et al. (1999) that slow movers tend to react less strong to 
promotions than fast movers. Since their model predicts actual sales while the current model predicts 
the lift factor, the observations cannot be compared fairly. An explanation might be that when 
predicting absolute sales, fast mover promotions perform better while the relative performance of 
slow movers is better. Note that the baseline variable is significant in a positive direction in the model 
with the previous lift factor (Table 38, App. 11). This indicates that combined with the other variables 
in this model, the variable contributes significantly in explaining the variance in the lift factor. 
However, the small effect size and different result in both models indicate a non-robust result. 
 
The last measure of susceptibility to stockpiling which is the volume of the product which is excluded 
from the final complete model (1.ai) as it was substantially correlated with the minimum shelf life 
variable (correlation: 0.681) (Table 39, App. 11) causing a multicollinearity problem. However, when 
the LG10_Min.shelf life variable is replaced in the final model with the volume variable it is shown 
that this variable is significant as well with a substantial standardized coefficient of -0.114. (Table 52 
of App. 13) It can be concluded that a smaller volume increases the lift factor which can be explained 
by the fact that stockpiling is easier with smaller products as shoppers’ possibility for stock is limited. 
Van der Poel (2010) found a contradicting positive relationship which is explained by the higher value 
of larger products as in concurs with the absolute discount. This effect is not visible in the current 
research which can be explained by the fact that the value difference for larger products is less 
compared to the dataset of the other research. For example, the size and value of laundry detergents 
and a pasta sauce is much bigger than the value differences between desserts and large packages of 
DubbelFrisss (H5 confirmed). 
 
The number of promotions with the product over the last year is positively affecting the lift factor 
indicating that a higher number of promotion increases the lift factor (H10, no hypothesis direction). 
The direction was not clear beforehand but it seems that when shoppers know that the number of 
promotion is higher, they tend to delay their purchase to the next promotion instead of buying it 
during regular weeks. More hypotheses are related to this observation. It is shown that the variable 
number of weeks between two promotions for the product at a specific retailer is not part of the 
model. A correlation with the number of promotions with the product in previous year at the retailer 
over the last year is expected and is found (correlation: -0.560) (Table 39, App. 11). Since the 
correlation was substantial, it was tested in the final model whether the number of week’s variable is 
significant as well (Table 53 of App. 13). This was true in the negative direction (std. beta -.053) 
indicating that a longer period reduces the lift factor; however, the overall model fit decreases. Based 
on the stepwise regression, it turned out that the variable number of promotions with the product in 
the previous year contributes more in explaining unique variance which is confirmed in the results 
(H7 rejected). This result differs from the result of Van Loo (2006) who found a small positive 
relationship between the length since previous promotion and the lift factor; however, this effect was 
weak given the p-value just below 0.05. Because of the small effect sizes of the variables and the 
contradicting results in the researches, the variable has not been shown to be among the most 
important explaining variables, further research is needed to obtain more robust insights. Moreover, 
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the extension in the current research to the number of weeks until the previous promotion in the 
product category instead of the specific product at the same or a national retailer has not been found 
of importance (H8, H9 rejected).  
 
11.3.2 Retailer variables 
The percentage growth in number of selling stores is a very strong predictor as well that positively 
influence the lift factor (H12 confirmed). This can be explained by the fact that if the number of 
selling stores grows substantially in the promotion week compared to the regular sales, the extra 
promotional sales is compared with the regular baseline sales in which these stores are not taken into 
account leading to a higher lift factor. Although it was thought by employees that the number of stores 
in regular weeks compared to promotion weeks was quite stable, it is shown that even a small 
difference lead a substantial increase in the lift factor. A possible explanation for the change in 
number of stores is the case that franchisers decide to temporary add the product to the assortment for 
the promotion. Therefore, gaining more insights into the number of stores where each of the 
FrieslandCampina products is sold could lead to substantial benefits. 
   
11.3.3 Promotion variables 
Several promotion variables have been found as significant predictor. First, in line with previous 
research ( (Peters, 2012), (Van der Poel, 2010)), it is found that the number of FrieslandCampina 
products on promotion negatively affects the lift factor (H14 confirmed). Based on this observation, 
“total brand” promotions instead of choosing only promotion in one category seem therefore not the 
best choice considering the fact that lift factor of the products individually will be lower.  
 
From the activations variables, the place of the advertisement is a small, positive significant predictor. 
The lift factor is expected to increase when the advertisement is placed either on the front or back 
page of a leaflet compared to an advertisement placed on a middle page (H18 confirmed). These 
results are in line with the results from Peters (2012) who found a small positive effect size for dairy 
products as well for advertisement on the front page.  
 
A promotion that is presented on a second placement (display) maximizes attention of potential 
buyers (Ramanathan & Muyldermans, 2010). Indeed, the research confirms that items promoted on 
second placement increase the lift factor (H21 confirmed). However, compared to other research 
(Van der Poel, 2010), (Peters, 2012), the effect size is medium high instead of extremely high. This is 
caused by the addition of the variable percentage volume of the promotion sold in stores with display 
in this research. The latter is one of the most important explaining predictors in the model. The 
addition of this variable can be seen as a further specification of the display variable contributing to 
the explanation of the unique variance in the model. For Albert Heijn dairy products, not only the 
value of percentage volume sold by stores with display was available but also the exact number of 
displays and the specific products on the display. A separate analysis on a dataset including all Albert 
Heijn dairy products indicates that adding the number of stores with second placement per EAN 
substantially improves the adjusted R2 from 0.825 to 0.85, see App. 14. Sales representatives have 
said that not with all retailers agreements are made about second placements. Some other agreements 
exist generally but no attention is given to those agreements. FrieslandCampina should focus on better 
cooperation with the retailers in order to gather this information as it is of importance for better 
forecasts. 
 
As expected, consistent with results of Van Loo (2006), Van der Poel (2010) and Peters (2012), a 
multicollinearity problem occurs when adding the relative and absolute discount (correlation 0.868) 
(Table 39, App. 11)  in the same model. Similarly, this occurs when adding the relative discount and 
difference with competitor sales price (correlation -.782) (Table 39, App. 11) which can be explained 
by the fact that sales prices do not differ substantially at different retailers in the Netherlands. This 
observation explains the correlation (-.895) (Table 39, App. 11) between absolute discount and 
difference with competitor sales price as well. The results endorse the importance of the relative price 
discount as one of the main predictors for a future lift factor (e.g. Cooper et al. (1999)). This can be 
easily explained by the fact that a higher discount increases the attractiveness of the promotion since 
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more money can be saved. When replacing the relative discount by either the absolute discount or the 
difference with sales price of national competitor, it can be concluded that those variables are 
significant as well (Table 56 and Table 57 of App. 13). The variance explained in the model is highest 
for the model with the relative price discount which explains the result of the stepwise regression 
(H22 and H44 confirmed). Moreover, interpretation of these variables is complex when they are part 
of the same model. 
 
The idea that shoppers perceive odd prices thoroughly lower than even-prices even though the actual 
difference is minor (Wedel & Leeflang, 1998) is not confirmed in the research. However; a small 
weak significant effect is found in the other direction. On the contrary, it is shown that odd prices 
reduce the lift factor (H23 rejected). A possible explanation for this effect can be that shoppers know 
that odd prices tend to be “psychological” such that they behave the opposite and not buying the 
product. The observation that some retailers have strategies of having “even” prices seems thereby 
useful. Whether the promotion price is specifically ending at 9 is not part of the final model because 
of a multicollinearity risk due to the correlation (0.848) (Table 39, App. 11) with the “ending odd” 
variable. To test the hypothesis, the variable ending odd is replaced by ending 9 in the resulted model. 
The results shown in Table 58 of App. 13 indicate that this variable is not significant affecting the lift 
factor as well (H24 rejected). 
 
11.3.4 External  
Holiday periods were not found significant. However, a separate variable added for the summer 
holiday is significantly reducing the lift factor. This is in line with the well-known summer period 
where sales drop due to the fact that shoppers go on holiday (H29 partly confirmed). In addition, a 
negative significant effect was found for national holidays; however the effect is very small and 
significant at 0.0497 only. Peters (2012) found a small positive significant relationship for Easter his 
dairy set. The results cannot be compared fairly as the variable in the current research represents all 
national holidays. Although a positive relationship was expected, it seems that shoppers deviate to 
other type of products, probably more luxury, during these days. It can be concluded that this variable 
is of less importance (H30 rejected).  
 
11.3.5 Brand variables 
All brand variables investigated are either insignificant or related to interactions and therefore 
discussed in Section 11.3.7. 
 
11.3.6 Competitor variables 
Variables are added to test the expected effect of an unknown competitor promotion with a branded or 
private label product in the same week as the promotion week of a FrieslandCampina product. 
Interviewees indicate that this effect can be quite strong; however, it is shown that the effect is only 
small to medium compared to the explanatory power of the other variables. This is endorsed by 
comparing the performance of the models with and without these variables (Table 8, Table 10, Table 
21, Table 22 of App. 9). This indicates that FrieslandCampina promotions seem to be affected to a 
limited extent by an unknown competitor promotion. This is a satisfying result. From the retailer point 
of view, this indicates that promotions in similar categories do not disturb the performance of each 
other (H37 confirmed). It would be interesting for future research to make a further distinction in the 
type of competitor promotion that was executed. It would be reasonable that deep discount promotion 
of competitors in the same weeks have a stronger influence on the performance of a 
FrieslandCampina promotion. Data availability might cause a problem to investigate this. Moreover, 
the type of competitors taken into account could be further discussed as well in future research. 
 
A comparable promotion, i.e. a promotion with a FrieslandCampina brand in the same category, in the 
same week at another national retailer positively influences the lift factor. Although the effect size is 
small, a similar insight has not been found in literature before. It indicates that FrieslandCampina 
promotions at different retailers do not seem concur negatively. It seems that shoppers do not skip 
grocery stores for an attractive promotion at another retailer (H40 rejected). It has been found that 
60% to 80% of the grocery shoppers visit multiple stores when buying groceries (Vroegrijk, 2012) 
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indicating that people are already used to visiting multiple stores. Moreover, it could also be the case 
that when two promotions in the same category at different retailers are heavily promoted, people are 
triggered to buy this type of product when visiting a store with a promotion. Related to this variable is 
the observation that a simultaneous promotion with a similar brand at at least one other national 
retailer in the promotion week x has not been found significant. This indicates that no difference in 
effect on the lift factor exists between having another promotion in promotion week x with a 
FrieslandCampina brand in the same category or with the specific brand itself (H42 rejected). In the 
model including the previous lift factor, this variable is significant; however, the small effect size 
indicates a minor effect and different results in the models with and without previous lift factor 
indicate a result that is not robust. Analysis of the sample indicates that promotions with similar 
brands in the same week rarely occur which might be an explanation for the result found. 
FrieslandCampina has a policy for the distribution of promotions over retailers what explains the 
latter observation. Both comparable promotions and promotions with a similar brand in the week prior 
to promotion week x at a national retailer has not been found significant affecting the lift factor at a 
retailer (H41 and H43 rejected). This result indicates that a “promotion train” in which a brand is on 
promotion in multiple weeks immediately after each other at different national retailers does not 
negatively affect the lift factor of one of the promotions. Future research could focus on investigating 
whether a difference exist when a further distinction is made for the relationship between two 
promotions at national retailers and one promotion at a national and one at a regional retailer.  
 
11.3.7 Potential improvements to the complete model 
In order to improve the performance of the complete model, it was tested whether adding interactions 
could help to achieve this goal. Many interactions can be thought of based on a theoretical foundation 
and the results obtained from the different sub models. In obtaining potential useful interactions, it 
was decided to focus on the models of subsets Albert Heijn (largest player), Mona and Ambient (both 
models with a disappointing performance) (Table 29, Table 32, Table 33 App. 10). In this section, 
only the interactions that are part of the complete model (1.ai) are discussed as well as interactions to 
test hypotheses. An overview of all interactions tested and the method used can be found in App. 15. 
Generally, a significant interaction between two variables indicates that influence on the lift factor 
cannot be interpreted without taking into account the value of both variables. 
 
In the model, an interaction between retailer and % volume sold by stores with display was added 
because of the observation that in the Albert Heijn model (10.a), the previous lift factor and % volume 
sold by stores with display variables contribute to similar extent to the lift factor while the 
contribution of these variables in the complete model (1.a) is different. Both the interactions for 
COOP and EMTE have been found significant indicating that the effect of the variable % volume sold 
by stores with display on the lift factor differs based on the retailer. In addition, the effect of 
promotions of retailer COOP and EMTE on the lift factor depend on the value of variable % volume 
sold by stores with display. The main effect of EMTE itself is significant, COOP is not. Since the 
dummy variable for Hoogvliet and LN_baseline had a substantial correlation (-0.459, Table 39, App. 
11) causing high VIF values, it was decided to exclude Hoogvliet from the model. When replacing the 
LN_baseline variable by Hoogvliet in the resulting model (1.ai), no significant effect for Hoogvliet is 
found (Table 54, App. 13). Therefore, promotions at Hoogvliet, Plus and COOP does not differ 
significant from promotions at Albert Heijn while promotions of EMTE does (H11 confirmed). 
However, the effect of EMTE and COOP cannot be viewed without the value of % volume sold.  
 
For Ambient products that structurally have a higher shelf life, the effect of a multibuy promotion 
seems very important based on the results of the ambient sub model (6.a). Therefore it was also tested 
whether adding an interaction between minimum shelf life and promotion mechanism multibuy 
improves the performance of the model. Without testing this interaction, for those products, the risk of 
underestimation exists. The interaction has been shown significant indicating that the effect on the lift 
factor of both variables should be interpreted given the value of the other variable.  
The positive direction of the interaction indicates that in case of a multibuy promotion, the total effect 
of variable shelf life on the lift factor increases. Besides, there is an additional positive effect to the 
contribution of the lift factor due to the combined presence of multibuy and the shelf life. When 
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minimum shelf life is higher, the contribution of multibuy is higher. The shelf life variable itself has 
been shown significant in positively affecting the lift factor. The positive direction indicating that a 
longer shelf life increases the lift factor is in line with the hypothesis and the results of Van der Poel 
(2010) (H4 confirmed). Interestingly, Peters (2012) and Van Donselaar et al. (2015) found a negative 
direction for the shelf life in their research. By Peters (2012), it was suggested that this might be due 
to the fact that the dairy products included (ice coffee and Yakult) are less prone for promotions due 
to its specific consumer base. The latter is not expected in the current sample and even though the 
dairy products form the major part of the dataset, the variable has a positive direction as expected.  
Considering the promotion mechanism variable, it should be stressed that results should be interpreted 
given the effect of all other variables and especially the relative price discount is of importance here. 
Most important, the results should be interpreted given that the relative price discount is the same. 
With a single price off promotion as reference, it was expected that the 2 for, 2+1, 2nd half price, 
multibuy variables would lead to higher lift factors. The results show small significant effects for 2nd 
half price, 2 for and multibuy mechanisms. The fact that “2+1” is not significant could be caused by 
the fact that it concurs with relative price discount. Leaving out the latter variable and adding this 
variable does not result in a significant PromoM_2+1 variable (Table 55, App. 13) indicating that this 
mechanism does not perform significant different from SPO. Surprisingly, 2nd half price, 2 for and 
multibuy promotions perform worse compared to a SPO promotion (H15 rejected). For the 2 for 
variable, Peters (2012) did not find a significant result for his dairy set. Because of the small effect 
sizes and unexpected results, the complete model is also run only with SPO and multibuy (all else 
than SPO) similar to research of Cooper et al. (1999). The results show still a negative direction for 
multibuy given the effect size (std. beta -.061) (Table 59, App. 13). The small effect sizes and 
different directions in the current and previous researches indicate that although small significant 
effects are visible, promotion mechanisms are not an important predictor for the lift factor. This 
insight indicates that it is not advised to FrieslandCampina to determine “comparable” promotions by 
the promotion mechanism. 
 
Two observations form the base for adding an interaction between brand and seasons. First, since 
Chocomel demand is higher in winter than summer, it might be expected that this holds for 
promotions as well. Moreover, based on the Mona submodel (9.a), the seasons seem very important 
while those predictors are not included in the complete model. It was expected that the complete 
model could be improved by adding interactions between brand and season. Individually testing the 
interactions of Chocomel and the seasons added to the complete model with main effects only (1.a) 
has resulted in significant interactions between Chocomel and the seasons with standardized effect 
sizes of 0.083, -0.42, -0.023 for Autumn, Winter, Summer respectively. This indicates that the lift 
factor of brand Chocomel is affected by the season (H28 confirmed). However, due to 
multicollinearity problems with variable Chocomel (VIF 31.079) with its interactions and variable 
min. shelf life, the interactions between season and Chocomel are not part of the final model. 
Similarly, the interactions between Mona and the seasons have been found significant but are 
excluded from the model because of multicollinearity. However, interactions between Campina 
Autumn and Campina Winter are part of the final model. The first interaction is only significant for 
the model including the previous lift factor having a small effect size is small and indicating that the 
result not robust. The positive interaction between Campina and Winter offsets the negative individual 
effects of variables season winter and brand Campina on the lift factor. Indicating that the effect of 
season winter on the lift factor is not the same for all brands and the effect of brand Campina is not 
the same for all seasons. As mentioned, it is important to stress that during the modelling phase, it was 
aimed to select the variables that resulted in best performing model.  
 
Considering the effect of the other brands, it is shown that the lift factor is significantly affected by 
the specific behavior of products of different brands to some extent (H33 confirmed). Compared to 
Optimel, promotions of Campina and Boerenland perform relatively worse. A possible explanation 
for the latter could be that shoppers perceive that brand Boerenland is more organic which might 
result in a more specific consumer base. In addition, Boerenland tend to be a relatively expensive 
brand even on promotions compared to other similar products which might explain the lower shopper 
willingness to buy. Brand Mona was removed from the model since it had substantial correlations 



Page 35 
 

with several variables included which introduces the risk of multicollinearity. Adding this variable to 
the model (1.ai) without previous lift factor shows that Mona is a significant predictor; however, from 
the results on the validation set (Table 60, Table 61, App. 13) it can be concluded that adding Mona 
introduces strong bias so adding this variable does not lead to a better model. Because of the worse 
result and the multicollinearity risk, Mona is excluded from the model. However, it can be concluded 
that promotions of Coolbest2 and Mona perform significantly better than Optimel resulting in a higher 
lift factor. An explanation might be that Coolbest and Mona are seen as more luxury and expensive 
brands for special occasions compared to the healthy dairy drink Optimel. Therefore, promotions 
might be seen as more attractive. The other brands perform similar as promotions of Optimel.  
With respect to the brand, lastly a short further elaboration is given on the result of the submodel of 
Mona with respect to the seasons. Since it is perceived that Mona performs better with drizzling 
weather it is interesting that the season variables in the Mona model (9.a, Table 32 App. 10) have a 
negative direction compared to the spring season indicating a lower lift factor. Since absolute sales 
can be higher while having a lower lift factor in case the base is higher, it is investigated whether this 
is true for Mona. However, based on the analysis shown in App. 16, there is no evidence found that 
Mona promotions perform better with drizzling weather.  
 
To test the hypothesis whether the lift factor is affected by a sports event and especially by an increase 
Orange desserts of Campina; the interaction between sports events and brand Campina is investigated. 
Individually added, the interaction was shown significant with a standardized effect size of 0.29. 
Besides, it was shown that this variable was significant in the complete model with more interactions 
(1.ai) as well. However, adding this variable to this model did not result in a better model based on the 
results on the validation set as shown by the increased bias in Table 62 of App. 13. For this reason, the 
variable is excluded from the final model. The significance of the interaction indicates that the lift 
factor of promotions of Campina during sports events is higher compared to periods without sports 
events (H32 confirmed). Moreover, the effect of promotions of Campina on the lift factor depends on 
the presence of sports events. However, the small absolute beta indicates a minor effect.  
 
11.3.8 Insignificant variables 
It was expected that the product category variable affects the lift factor similarly as a retailer or brand 
variables has shown to do as it incorporates the specific effects per category. From the results, it 
should be concluded that there is no evidence that the category significantly contributes the lift factor. 
Interpreting the results of the category variables should be done with caution since the category 
variables Juices Ambient and Juices Cooled are similar to the brand DubbelFrisss and brand Coolbest 
variables since no other products in scope fall in these categories and all products of the brands are 
part of the same category. Since the brand has been found as significant predictor, it might be the case 
that this variable explains similar variance as the category variable such that the latter does not add 
additional insights for the model. Based on the current results, the expected higher substitution in the 
dairy eat category compared to other category resulting in a higher lift factor seem not endorsed. 
Future research could further investigate this, where the type of categories used could be discussed 
again (H3 rejected). 
 
Both a saving campaign and theme week at the retailer in the promotion does not significantly 
improve the lift factor. Although retailers ask higher prices for promotions during these weeks since 
they claim that it leads to more traffic, no evidence is found in this research (H13 and H16 rejected). 
Testing interaction between theme weeks and retailers, it was found that the interaction of theme 
week COOP was significant only but the main effect of theme week was not. Moreover, the 
interaction does not contribute to a better model performance when finding the best model. During 
saving campaigns, sometimes extra saving stamps are given to specific products on promotion. Future 
research could take the difference between these and regular promotion products in saving weeks into 
account to test whether support can be found for the retailers claims. Besides, the theme week itself 
does not contribute to a higher lift factor; any higher lift factors observed in these promotion weeks 
seem caused by other aspects such as the relative discount. 

                                                      
2 Note: Category Juices Cooled only exists of Coolbest products. This variable therefore represents the brand. 
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Contrary to the expectation, no evidence was found that tv support significantly affects the lift factor 
(H17 rejected). Further investigation of the dataset showed that tv support was only found for a 
number of promotions at retailers Albert Heijn, Plus and for one promotion week at EMTE. A 
possible explanation might be that tv support is most visible during weeks with strong promotions, 
such as theme weeks. It could be possible that the expected extra positive effect is assigned to the 
coefficients of other variables. It should be noted that this variable is found significant in the model 
where the previous lift factor is added (Table 38, App. 11). This indicates that combined with the 
other variables, the variables contributes in explaining the variability in the lift factor. Since the 
standardized effect size is p-value just below 0.05 it indicates that this result is not robust.  
 
A small, medium, large or page wide advertisement does not significant differ (H19 rejected). Based 
on the research of Cooper et al. (1999), it was decided to include this variable. It is not clear whether a 
significant relationship is found in that research. For the company, it seems more beneficial to invest 
in a front page advertisement rather than focusing on the size. Different sizes of the advertisements 
are no significant predictors for the lift factor indicate that investments for larger advertisements 
should be critically reviewed. 
 
Activation support in the magazine by promoting the brand in the retailer magazine during the 
promotion week does not significantly contribute to the lift factor. Van den Heuvel (2009) did find a 
positive significant effect; however the results are not comparable since the monthly magazine in his 
research had an overview of the actual promotions in the magazine (H20 rejected) which is not the 
case in current research. Magazines are only provided at retailers Albert Heijn and Plus which might 
affect the current results as well. 
 
From the external variables, the weather variables temperature, amount of rain and number of rainy 
days have not been found significant. This contradicts with the results of Peters (2012) where the 
number of days with rain is found significant for the dairy set; however, this significance is only at the 
0.05 level and the standardized effect size is very small. It can be concluded that those variables are 
not important to predict the lift factor (H25, H26, H27 rejected). It should be noted that the 
temperature variable is found significant in the model where the previous lift factor is added (Table 
38, App. 11). Besides, it is shown that promotions are not affected by Mother day, Father day and 
Sinterklaas (“other special days”). The shopping behavior of FrieslandCampina products for these 
days is not different from regular days (H31 rejected).  
 
In line with the research of Van der Poel (2010), the promotion pressure of the brand has not been 
found significant (H34, rejected). No direction of the effect was included in the hypothesis, since 
both a negative and positive direction could be expected. It might be possible that both types of 
behavior neutralize a visible effect on the lift factor. Another explanation might be that the promotion 
pressure measure is too generic not directly related to a specific promotion (Van der Poel, 2010). 
 
Based on expert interviews, it was decided to include the shopper specific variable percentage volume 
of brand sold to house holdings with children based on the idea that those house holdings are more 
promotion responsive (Teunter, 2000). The results do not show a significant relationship. Similarly, 
the brand variable penetration was included as proxy whether the brand is well known potentially 
positively affecting the lift factor. In line with the research of Van der Poel (2010), no effect was 
found. It is suggested that both variables are too generic to represent the intended relationship with 
promotions specifically (H35 and H36 rejected). 
 
The variables used to measure the potential for substitution to other brands which has been shown as 
the main driver for promotional volume (Gupta, 1988) have not been found significant. The market 
share in the category among brands only or private label products as well might be too generic to 
comprise this effect. In future research, it might be interesting to include her variables such as the 
number of brands in a category at a retailer to investigate whether these variables give different 
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results. Since brand switching has been found as main promotional volume driver, it seems desired to 
find a measure that can be used in forecasting models for this effect (H38 and H39 rejected). 
 
11.3.9 Model results compared to scientific field 
Multiple forecasting models are developed over the years. In this section, the different models are 
discussed based on several aspects. All of the models discussed aimed to forecasting shopper demand. 
 
Table 13 Overview performance of different promotion forecasting models 

 
Table 13 provides an overview of model characteristics of the current and six other models. As 
discussed earlier, most of the models are developed from the retailer point of view. The model of 
Cooper et al. (1999) can be seen as one of the first and most influencing models. Based on the number 
of predictors included, it seems the most extensive model as well. The fact that many two- and three 
way interactions are added is one of the reasons for the high number predictors. Only few interactions 
terms are part of the other models. The performance of the model of Cooper et al. (1999) is presented 
as the number of case packs deviating. Unfortunately, it is therefore hard to compare the results with 
the other models.  
 
Considering the methods used, it can be concluded that regression analysis is the main approach. The 
current research differs from others because of the use of Prais Winsten regression due to the 
autocorrelation problem. This problem is also faced in the research of Van Donselaar et al. (2015); 
however, since the estimates of the betas are unbiased in case of autocorrelation the use of OLS used 
in their research is appropriate as well.  
 
Overall, it can be concluded that a past lift factor/promotion sales, the relative discount and second 
placements are among the most influencing variables as they are included in all of the best performing 
presented models ( (Van Loo, 2006), (Van der Poel, 2010), (Peters, 2012), (Van Donselaar et al., 
2015)). Only Van Loo (2006) did not take into account the display variable in his research. In 
addition, it is notable that the promotion mechanism itself in none of the models substantially 
contributes to explaining the lift factor. 
 
Compared to the model of Van der Poel (2010) which is from the manufacturer point of view as well, 
the main difference in the explanatory variables are the specification of the display variable and the 
addition of significant effects of the variables place in the folder, comparable promotion variable, 
baseline, summer holiday and psychological price is odd. Where Van der Poel (2010) added an 
interaction for temperature which was not significant, the direct temperature variable in the current 
model is significant. Contradicting are the results for promotion pressure and tv support. The first 
variable is not significant in the model of Van der Poel (2010) while tv support is not significant in the 
current model compared with the results without previous lift factor. For all variables, the effect sizes 
found are small indicating that the variables are not very important and the results are not robust. 
Future research is needed for these variables. Different from the current research, Van der Poel (2010) 
found a significant effect for the product category. Brand and product category variables seem 
explaining comparable variance, plausibly explaining the difference. It can be concluded that the 

 Derks Van Donselaar et. al Peters Van der Poel Van den Heuvel Van Loo Cooper et. al

Year 2015 2015 2012 2010 2009 2006 1999

Point of view Manufacturer Retailer Retailer Manufactuer Retailer Retailer Retailer

Aggregation level Supply Chain Supply Chain Supply Chain Supply Chain Supply Chain Supply Chain* Store

Method Prais Winsten regression

Lineair + quadratic 

model based on category

Ordinary 

least squares

Ordinary least 

squares

Ordinary least 

squares

Ordinary least 

squares

Ordinary least 

squares

Dependent variable LN Lift factor LN Lift factor LN Lift factor LN Lift factor Lift factor P(LF) LN_Sales

Sample size 3611 N.a. 2175 1238 N.a. 1556 N.a.

# Predictors 34 24 21 21 8 39 67

Adj. R2 0.742 N.a. 0.767 0.691 0.44 0.45 N.a

MAPE validation (best) 26.68%*** 21.00% 28.18% 31.30% N.a. 31.14% N.a

* Best model is based on Supply Chain level *** The MAPE of model 1.ai is taken here

** OLS = Ordinairy Least Squares linear regression
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current research extends the insights of Van der Poel (2010) resulting in a better performance of the 
model. 
 
From the models made from the manufacturer point of view, the model developed in current research 
improved the performance of forecasting promotions. Compared to the models from the retailer point 
of view, it can be concluded that the model developed in the current research is among the better 
performing models. Only the model of Van Donselaar et al. (2015) seems to perform substantially 
better. In that paper, it is suggested that the increase in forecast accuracy is obtained by the distinction 
made between product categories with so-called routine and non-routine demand processes and the 
number of observations. Products with routine demand processes and a high number of observations 
are said to benefit from estimating regression models based on data of their own observations only. 
The others would benefit from observations of other categories (i.e. using the model estimated on all 
product categories). Interestingly, the results found in current research do not seem to endorse this 
observation as the best forecasts are obtained on models estimated on the dataset with all retailers and 
all product categories. Comparing the performance of this model with the Albert Heijn Dairy Eat 
(11.a/ai) results, it can be concluded that this model performs worse compared to the complete model 
(1.ai) although the Dairy Eat category exists of desserts only which are defined as routine products in 
the other research. A possible explanation for this contradicting result might be the number of cases 
and the sample used. The sample with Cold Cuts, Salads, Dairy Drinks and Desserts used by Van 
Donselaar et al. (2015) seem more heterogeneous than current sample resulting in a more disturbing 
effect of adding data of other categories for the routine products due to different demand patterns.  
 
Based on analysis of the worst predicted promotions in the current research, it can be concluded that 
removing 30 cases from the validation set of 1087 would substantially decrease the MAPE to 22.0% 
close to the performance of Van Donselaar et al. (2015). Further analysis shows that all outliers are 
strongly overestimated. 19 cases are of Hoogvliet which introduces in the period of validation “total 
brand” promotions instead of “category only promotions” for Mona and Optimel resulting in a 
substantial increase in average number of products in promotions for these brands from 12.7 to 22.6 
for the 13 bad predicted lift factors in the validation. Moreover, the previous lift factor for the Mona 
products were very high and based on very old promotions since the small packages were not part of 
promotions for a long time. Moreover, extreme outliers are due to a Chocomel promotion which had 
extremely high values for the previous lift factor (aver. 19.19) compared to the average of the 
calibration (5.39). The 13 other cases seemed individual outliers of promotions for all brands at all 
retailers. Without these cases, performance would have been closer to Van Donselaar et al. (2015).   
 
For the important variable relative price discount which is included in all models, the research of Van 
Donselaar et al. (2015) and Peters (2012) modelled this variable different than a linear metric 
relationship. Both uses dummy variables and Van Donselaar et al. (2015) added a quadratic 
relationship as well. From the latter, it is concluded that overall, depending on the product category, a 
linear or quadratic relationship outperforms using dummies or a linear relationship only. Adding non-
linear relationships in forecasting models show potential for further improving model performance 
possibly explaining the improved performance of this model. 
 

12. Model robustness 

For the company, it is desired to have the most parsimonious model as possible while keeping as 
much predictive power as possible. In this section, the complexity and robustness of the model is 
discussed by investigating the effect of reducing the number of variables. In this section, the results 
are based on the results of the complete model with interactions without unknown competitor 
information (1.ai).  
 
Since the variables with the highest absolute standardized betas explain most of the variance, those 
variables are of most interest to reduce complexity while keeping performance. Three situations are 
considered: first, a less complex model with variables above a certain absolute beta value only; 
second, a model without variables with the lowest absolute betas of the complete model and third, a 
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modification of the second model performing a second round of removing variables. Compared to the 
average absolute standardized beta value (0.075), variables with values above 0.10 can be considered 
as medium to high. For the first adaption (model 1x), it is decided to re-estimate the model with only 
those variables included and test the performance on the validation set. The variables included are: 
LN_Previous lift factor, relative price discount, %volume sold on display, LG10_Growth selling 

stores, LG10_Purchase frequency of product, Retailer_EMTE, interaction COOP - %volume sold on 

display, interaction EMTE - %volume sold on display. In addition, retailer COOP is added for better 
interpretation of the interaction. For the second model (2x), the variables with an absolute beta smaller 
than or equal to 0.05 are excluded from the model except for retailer COOP: back page in leaflet, 

comparable promotion at a national retailer in week x, LN_baseline, seasons Autumn and Winter, 

psychological price odd, temperature, promotion mechanism 2 for, temperature, national holiday, 

promotion with similar brand in week x, tv support, and the interactions Autumn-Campina and 
Winter-Campina are removed. Based on the results of the re-estimated model of 2.x, for the third 
model (3.x) again variables with an absolute beta smaller than or equal to 0.05 are removed: category 

juices cooled, summer holiday and brand Campina. The values of the regression coefficients can be 
found in App. 17. The results on the performance of the validation set can be found in Table 14. 
 
Table 14 Performance on validation set models with reduced complexity 

 
Compared to the results of the complete model with interactions (1.ai), the results of 1x show a 
substantial increase in the error measures while the performance of models 2.x and 3.x are more or 
less comparable compared to the performance of the complete model (1.ai). The tradeoff between the 
number of variables included and the performance of the model is visible. However, removing the 
variables with a very small contribution (2.x and 3.x) seems acceptable to retain the predictive 
performance.  
 
In conclusion, in practice, it seems appropriate to limit the number of variables to the ones included in 
model 3.x. The major part of the variables can be easily obtained within the company while 
estimating the values of some other variables may be harder. Fortunately for those latter variables, 
except for percentage volume sold by stores with display and percentage growth of selling stores, the 
values to be inserted of those variables are quite stable over time (i.e. purchase frequency). 
 

13. Retailer orders versus shopper demand 

For FrieslandCampina insights into shopper demand and behavior are very useful; however, most 
important is the prediction of retailer orders. This research is mainly focused on predicting shopper 
demand as this is a very important aspect for the expected retailer behavior. In this section, a brief 
exploration is presented about the relationship between retailer and shopper demand and the 
usefulness of the model developed (1.ai) to predict retailer orders. 
 
13.1. Dataset retailer orders 

The retailer orders are defined as the demand ordered by retailers for a specific promotion. These 
quantities ordered are marked as promotion orders. Different agreements are made with the retailers 
about the period that promotion quantities can be ordered. Generally it is a one or two week period 
before the promotion week x and during the promotion week x. The lift factor for the retailer demand 
is defined as the retailer promotion quantity delivered by FrieslandCampina for promotion in week x 
divided by the baseline sales of the shopper demand in week x. 

Model Description

Adj R2 in 

calibration

RMSE lift-

factor

RMSE 

LF/Avr LF RMSE PQ

RMSE 

PQ/Avr 

PQ MAPE MAD

MAD/Avr 

PQ Bias Avr PQ

Avr 

LF #Predictors

1.ai Complete incl. interactions 71.6% 1.93 0.35 11,109 0.51 26.68% 4,410 0.20 0.87% 21,775 5.49 34

1.x Complete only abs. Std beta >=0.100 64.7% 2.23 0.41 11,529 0.53 29.88% 5,057 0.23 2.46% 21,775 5.49 9

2.x Complete without abs. Std beta <=0.05 69.8% 2.06 0.38 12,644 0.58 26.78% 4,598 0.21 -2.02% 21,775 5.49 21

3.x Reduce complexity model 2.x only abs. Std beta <=0.05 69.5% 2.02 0.37 13,070 0.60 25.94% 4,703 0.22 2.47% 21,775 5.49 18

Dataset Validation
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While creating the dataset, it was found that cases occur where no retailer orders for promotions are 
registered. A sample showed that several explanations can be given. The most important reason is that 
promotion orders are not marked as promotion; however, an increased number of non-promo orders 
are visible in either the promotion week or the loading period. Interviewees indicated that this is 
possible when the promotion is registered in the systems too late. This aspect sometimes leads to 
corrective promotion quantities in weeks other than the regular promotion weeks. For those cases 
where it was clear that the promotion volume was wrongly registered as regular order, it is assumed 
that the regular order volumes in the weeks x and x-1 represent the retailer promotion order. Due to 
the specific loading pattern, for Plus x-2 is added as well. 50 cases from the validation set with retailer 
lift factors are excluded since any assumption would be arbitrary. 
 
13.2. Exploration between difference retailer orders and shopper demand 

Table 15 shows an initial exploration of the relationship between the promotion retailer orders and the 
shopper demand. The measures used are based on Formula 10-2 and 10-3 of Van der Poel (2010) and 
are comparable with the MAPE performance measure. Formula 8 calculates the Mean Absolute 
Percentage Difference (MAPD) between the retailer orders and shopper demand over all promotions. 
Formula 9 calculates the Mean Percentage Difference (MPD) between the retailer orders and shopper 
demand over all promotions. A MAPD of zero indicates that retailer and shopper demand are equal. 
Generally, the retailer demand exceeds shopper demand. The difference between MAPD and MPD is 
caused by the balancing effect of cases in which the shopper demand exceeds retailer demand. 
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The results show a structural difference between the retailer orders and shopper demand where the 
retailer orders are higher than the actual shopper demand. Since discount is mainly given on the total 
retailer order instead of on actual shopper demand, for FrieslandCampina it is desired to minimize the 
difference. Several possible explanations for this expected difference can be given. First, the supply 
chain stock levels at the retailer DC and in the retailer stores determine the amount that the retailer 
will order for a promotion based the retailer promotion forecast. Besides the fact that the retailer 
forecast is expected to differ from the actual shopper sales, the retailer will keep safety stock in order 
to be able to satisfy their service level and reduce the risk of out of stocks. Second, in case of second 
placements, extra products will be ordered since the inventory hold per retailer store is higher 
compared to a regular sales week (Van der Poel, 2010). Third, the period that a retailer receives 
discount already starts during the loading period for the promotion. Regular base demand of the week 
before the promotion can be bought at reduced price as well and is marked as promotion order. 
Fourth, forward buy in which the retailer buys products for the period after the promotion week at 
reduced promotion price will increase the difference between the retailer orders and shopper demand.  
 
The results show deviations in amount of difference per retailer. A possible explanation can be the 
attention paid to and cooperation with the specific retailers by FrieslandCampina. Since absolute sales 
volumes of Albert Heijn are highest, more alignment exists with this retailer in order to forecast 
promotional demand. Besides, more knowledge is gained about the structure of this supply chain. 
Since Plus is a national retailer with a substantial volume, more focus on these forecast might lead to 
benefits since the MAPD and MPD values are high compared to Albert Heijn. Besides, the very high 
values of EMTE are worth to investigate in more detail. A first step will be to investigate the 
differences per brand and category and to gather more supply process information of these retailers. 
 
Van der Poel (2010) made a similar comparison between the retailer orders and shopper demand for a 
different FMCG manufacturer. With values comparable to MAPD of 67.7% and MPD of 53.9% over 
the total set, the results in current research substantially differ. The fact that besides food products 
also non-food products are included in his research is a possible explanation for this. Since the shelf 
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life of these products is not limited, it is expected that more forward buy occurs. In addition, the food 
products included in that research are less perishable than the products in the current research. 
 
Table 15 Comparison retailer orders and shopper demand 

 
 
13.3. Predicting the retailer order lift factor 

In order to predict retailer orders, the objective is to forecast the LN lift factor of the retailer orders 
instead of the shopper demand in the regression models. Therefore, the values of the dependent 
variable are changed to the corresponding LN lift factor of the retailer orders and corresponding 
values of the previous lift factor. 
 
First, the performance of the complete model with interactions (1.ai) based on shopper demand is 
tested on the validation period (2015 week 02-2015 week 27) (17.ai). In addition, this model is re- 
estimated for the retailer dataset as well (18.ai) (Table 69, App. 18). Lastly, based on the full 
information of all variables gathered in this research to predict shopper demand, a new Prais Winsten 
model is estimated to predict the LN lift factor of retailer orders (19.ai) similarly determined using the 
stepwise regression approach as the previous shopper demand models. The results are shown in Table 
16. The regression coefficients of the latter can be found in Table 70 of App. 18. 
 
Table 16 Performance regression models on set with retailer orders 

 
Overall, it is shown that the re-estimated complete model of the predicted shopper demand (18.ai) 
performs best and similar to the performance of the model (1.ai) to predict shopper demand. This 
model outperforms the newly estimated Prais Winsten model for the retailer orders (19.ai) slightly 
since the absolute measure ratios are better while having similar MAPE and bias values. From the 
regression coefficients of the best model (18.ai), it can be concluded that the variables that explain the 
variance in the shopper demand are also key explanatory variables for the variance in retailer orders. 
For seven variables no significant effect is found in the retailer order forecasting model compared to 
the shopper model: season Autumn, psychological price odd, temperature, promotion mechanism 
multibuy, promotion with similar brand in week x and the two interactions of the seasons and 
Campina. Contrary, a significant effect is found for the interaction Fristi-temperature. The results 
endorse the expectation that the retailer demand is strongly influenced by the behavior of the shopper. 
Moreover, by re-estimating the parameters to the retailer dataset, the model performance is improved 
(18.ai) instead of using the parameters estimated for shopper demand (17.ai). The difference between 
the retailer orders and shopper demand seem kind of structural in the sense that the variance can be 
covered in the estimated regression parameters to the same extent as to predict a shopper demand lift 
factor. The most important predictors are similar. 
 
Figure 8 shows the results of the validation of the best retailer order (18.ai) in more detail. The 
percentages show the number of forecasts of retailer promotion volumes with certain forecast 

Retailer* MAPD MPD Average shopper lift factor Average retailer lift factor

Albert Heijn 28.7% 27.2% 4.73 5.80

COOP 40.8% 38.9% 5.21 6.84

EMTE 60.6% 60.1% 6.83 9.94

Hoogvliet 36.2% 34.6% 6.01 7.72

Plus 39.2% 38.3% 6.75 8.96

Complete set 38.1% 36.7% 5.77 7.54

*Results are based on the total set  including outliers

Model Description RMSE LF

RMSE LF/ 

(Avr LF)

RMSE 

PQ

RMSE PQ/ 

(Avr PQ) MAPE MAD

MAD/ 

(Avr 

PQ) Bias Avr PQ

Avr 

LF

1.ai Complete incl. interactions - Shopper demand 1.93 0.35 11,109 0.51 26.68% 4,410 0.20 0.87% 21,775 5.49

17.ai Complete model + interactions (1.ai) with retailer orders 2.84 0.39 12,986 0.48 24.70% 5,626 0.21 10.98% 27,228 7.33

18.ai Complete model  + interactions (1.ai) re-estimated for with retailer orders 2.49 0.34 13,709 0.50 25.73% 5,440 0.20 -1.68% 27,228 7.33

19.ai New estimated model retailer orders (all retailers + products) 2.62 0.36 17,677 0.65 25.57% 5,897 0.22 -1.70% 27,228 7.33

Dataset Validation
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accuracy. With a overall MAPE of 25.73 percent, the results show that 82.8% cases have forecast 
accuracy over 60%. 
 

 
Figure 8 % Retailer promotion orders estimated with certain forecast accuracy (model 18.ai) 
 
In future research, it is interesting to investigate whether the model can be improved by adding 
variables that comprise plausible explanations for the difference between retailer orders and shopper 
demand. Possible examples are the volume sold during the loading period and promotion week, the 
expected amount of forward buy and the inventory decisions of retailers. 
 

14. The retailer and manufacturer relationship 

Based on the results, the relationship of retailers and manufacturers is briefly discussed. 
 
The relationship between different parties in the supply chain is difficult due to the trade-off between 
contradicting interests and competition and the potential benefits of cooperation. Considering the 
competition, the relationship between a retailer and manufacturer is based on competition between 
two commercial parties each with its own company objectives. Agreements over purchase prices for 
regular sales, the manufacturers’ contribution for promotion, the costs of participation in a promotion 
at a retailer, the number of second placements and the promotion activation are just some examples in 
which both parties are competitors both aiming to minimize their own costs. Furthermore, for the 
manufacturer the risk of losing a retailer to a competitor exists as well. 
 
Besides the competition, the importance of cooperation is clear as well. In order to serve their 
customers, retailers are dependent on the supply of products of their manufacturers. Besides, although 
some products can be substituted from other manufacturers, other products are unique or the products 
of a specific brand are more attractive than competitor brands. Generally, for achieving a higher 
service level to shoppers, higher inventory should be kept in order to reduce the risk of out of stocks, 
resulting in higher inventory costs and costs of waste due to overstock. In order to reduce these costs 
while retaining a certain service level, cooperation is needed with a manufacturer. Especially during 
promotions it is undesired for a retailer to have out of stocks since price promotions are generally 
offered for the complete period and not only while stock lasts. Especially when shoppers have the 
intention to buy a specific product on promotion, the retailer’s reputation could be damaged when the 
product is unavailable. An important aspect of supply chain optimization is information sharing. 
Cachon & Fisher (2000) endorses that information sharing is significantly valuable in settings with 
uncertain demand such as with product introductions or promotions. Uncertainty in the supply chain is 
reduced by sharing information which finally results in cost savings (Williams & Waller, 2010).  
 
Lee & Whang (2000) have discussed difficulties related to information sharing. First and most 
important, the alignment of incentives and benefits from information sharing between the different 
supply chain partners may lead to discussion. A striking example is the forward buy principle which 
can be reduced if more cooperation exists and discount is only given over the volume sold to 
shoppers. However, the retailer misses extra margin. But what are potential benefits for the retailer? 
More information sharing can reduce the costs of out of stocks and waste for both the manufacturer 
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and the retailer and additional sales can be generated. Alignment between demand and supply can be 
improved both in general and especially during a promotion week. Corrective actions can be executed 
in order to maximize the profit of the promotion when it is shown whether a promotion works less or 
better than expected. Lee & Whang (2000) mention that trust and cooperation are very important 
when information sharing is introduced in the supply chain to prevent for the occurrence of gaming 
between partners. Information obtained due to close cooperation, can in potential be used strategically 
in cooperation with other parties which can affect the competitor advantage of players in the market. 
Moreover, accuracy of the data shared is important to benefit from the shared information.  
 
When considering the specific situation of making a promotion forecast, it can be concluded from 
Section 11.3.9 that the shopper demand models developed either from the manufacturer or retailer 
point of view do not unambiguously outperform one other. As discussed, different type of information 
is available at both parties, and in addition, it seems reasonable to expect that the quality of the 
information available differs. It is expected that the forecast is improved when information is shared 
between both parties such that the most concise information can be used. Since it is mentioned that 
from the manufacturer point of view it seems desired to gain more knowledge about inventory related 
aspects, cooperation is expected to improve the forecast for retailer orders as well. However, besides 
the issue how to share the benefits of information sharing, another point of concern is the 
confidentiality of the data available at each of the parties. For example, a “comparable promotion at a 
national retailer in week x” seems to affect the lift factor significantly; however, it should be 
discussed and evaluated to what extent and in which detail this information can be shared with a 
specific retailer. 
 
Overall, one can conclude that sharing data and more cooperation seem to benefit for both parties but 
difficulties with implementation are expected since both parties still have their own interests and 
restrictions occur. The advantages and disadvantages for both parties should be investigated first. 
When it is decided to cooperate more intensively, agreements have to be made about the distribution 
of cost savings between both parties. Both parties must be willing to give to the other party. Incentive 
differences might also be compensated in other aspects of the cooperation than especially in the 
promotion forecasting cooperation.  
 

Part 4: Implementation & conclusions  

In the last part of this research, first, the conclusion and 
business relevance of the research is discussed. In addition, the 
conclusion, contribution to scientific literature and lastly the 
limitations and suggestions for future research are described. 
 

15. Conclusions & managerial insights 

This research is executed at the demand planning department of OpCo BrandedNL of 
FrieslandCampina. Initial analysis on the problems faced with forecasting promotion demand, has led 
to the following research question: “How can the forecasting method for promotions of BrandedNL 
products of Royal Friesland Campina be improved in order to obtain more accurate forecasts?” 

 
Currently, subjective forecasts based on human judgment are used to predict promotional demand of 
retailers. Realized lift factors of historical promotions are main input for the forecast. Choosing the 
historical promotion to compare with is mainly based on the criteria retailer, brand and either a similar 
promotion mechanism or the period. Since retailer promotion demand is to a large extent determined 
by the behavior of shoppers, it was decided to initially focus on developing a forecasting model to 
predict the shopper demand while subsequently the ability to predict retailer orders was investigated.  
 
The best shopper promotion demand model developed has a MAPE of 26.68% and a bias of only 
0.87%. Besides, Figure 9 shows that more than half of the forecasts have an accuracy above 80%. 
Comparing the results with other promotion demand models developed (e.g. (Van Loo, 2006), (Peters, 
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2012)), the results indicate that generally as a manufacturer FrieslandCampina seems able to predict 
promotional shopper demand with a similar performance as retailers can. 
 

 
Figure 9 Percentage shopper promotion volume with forecast accuracy in range 
 
Re-estimation of the regression coefficients to predict the retailer demand shows that the model 
predicts the retailer demand with comparable performance. Comparing the results obtained with the 
initial situation shows substantial improvement. It should be noted that the forecast accuracy in the 
initial situation is calculated over all promotions in 2014 and calculated on the complete week where a 
discount is given, which can also include regular demand in case the discount period does not start on 
Monday. The performance of the model is calculated over the first half year of 2015 and over 
promotion volume only. When comparing the performance for the retailers and categories in scope, it 
can be concluded that overall the MAPE drastically decreases from 58.9% to 25.7%. Moreover, 
Figure 10 shows the distribution of percentage promotions with certain forecast accuracy. The number 
of promotions with forecast accuracy above 80% substantially increases from 19.8% to 55.0%. The 
results indicate that FrieslandCampina can benefit from the results obtained in this research. 
Specifically, reconsidering the variables taken into account to forecast promotional volumes seems to 
improve the performance to a large extent. 

 
Figure 10 Comparison of forecast accuracy between the initial situation and results obtained 
 
An overview of the most important predictor variables is given in Table 17. It can be concluded that 
many predictors are of importance and probably required to make a better promotion forecast. It is 
important to emphasize that the model developed predicts the lift factor instead of absolute sales. The 
lift factor represents the relative performance compared to the baseline sales of a specific retailer. The 
strength of the predictor represents the effect on the lift factor.  
 
Table 17 indicates that the previous lift factor, relative price discount, the percentage growth in selling 
stores and the purchase frequency are among the most important variables. This is in line with 
previous research (Cooper et al., 1999), (Van Loo, 2006), (Peters, 2012), (Van der Poel, 2010). 
Moreover, the percentage volume sold in stores with display is of great importance as well but the 
exact effect differs per retailer given the interactions. 
   

5,1% 2,4%
8,8%

31,9%

51,8%

0,0%

10,0%

20,0%

30,0%

40,0%

50,0%

60,0%

# 0%-20% # 20%-40% # 40%-60% # 60%-80% # 80%-100%

P
e

rc
e

n
ta

g
e

Forecast accuracy in range

% Shopper promotion volume with forecast accuracy in range

0,0%

20,0%

40,0%

60,0%

# 0%-20% # 20%-40% # 40%-60% # 60%-80% # 80%-100%

P
e

rc
e

n
ta

g
e

Forecast accuracy in range

Comparison initial situation vs model results

Initial situation

Model results on

retailer orders



Page 45 
 

Table 17 Overview importance predictor variables for shopper demand and retailer demand model 

 
Based on the results obtained in this research, several recommendations are given to 
FrieslandCampina in order to improve the promotion forecasts. 
 

1. Change the current judgemental forecasting method to a combined approach 
Given the improvement in forecast accuracy from 41.1% to 74.3%, it is recommended to change the 
currently judgmental forecast method to a combined approach of statistical and judgemental 
forecasting. Since the characteristics of each new individual promotion differ from the promotions 
captured in historical data, it is suggested to combine the model output with human knowledge. The 
research of Blattberg & Hoch (1990) has already suggested that a combination of statistical and 
judgemental forecasts outperforms a single method in terms of predictive accuracy since ‘models and 
managers have complementary skills’. This means that it is recommended to critically evaluate the 
suggestion of the model by comparing the result with a judgmental forecast. 
 
The main advantage of using the forecasting model is the ability to take into account the effect of 
more significant variables that affect the lift factor compared to the current situation where the 
forecast is made based on a comparable promotion determined by few criteria. However, 
implementation of the model developed needs time as will be described at the end of this section. 
 
A quick win that can be applied directly is to change the method of judgemental forecasting. 
Currently, the forecast is made based on experience of either sales managers only or together with 
demand planners. There is no one way of working and Table 17 endorses that the criteria currently 
used to find a comparable promotion may not be the most important predictors. Neither the promotion 
mechanism nor the period (i.e. season) are among the most important predictors. It is recommended to 
change the criteria for finding a comparable promotion. Besides the retailer and brand, other 
important predictors amongst others the relative discount, percentage volume sold in stores with  
display, the number of products on promotion and the expected change in the number of selling stores 
should be used. Interviewees thought that the number of selling stores of FrieslandCampina products 
was stable compared to a regular week and promotions weeks. However, the strong effect size of this 
variable endorses the importance of taking this effect into account. Constant review on past 
promotions, forecast and actual volumes should lead to best practices for specific brands and retailers 
in order to use the right criteria for selection of the past promotion for the judgemental forecast. 
 
Before actually being able to use the model developed, several steps have to be taken. First of all, the 
scope for the model to start with must be defined. The scope of current research is limited to certain 
brands and retailers. This results in currently not estimated regression coefficients for products and 
retailers out of scope. Given the improvements that can be made, it is advised to do a stepwise 
implementation where the additional scope of retailers and products will be added to the model after 
the release of the first version. Second, a database should be created in order to structurally and easily 

Significant effects found (* and **)                                                                                     

Variable Str. Str. Variable Str. Str. Variable Str. Str. Variable Str. Shop Str. Ret

LN Previous lift factor ++ ++ Display + + LN Baseline +*** - PromoM Multibuy**** - N.s.

Relative price discount ++ +

LG10 Purchase frequency of 

product -- --

Season 

Autumn**** -*** N.s.

Promotion with similar 

brand at national retailer +*** N.s.

LN #Products in promotion - - PromoM 2nd half price**** - -

Brand 

Campina**** - - TV support +*** +

% Volume sold on display ++ ++ Retailer_EMTE**** ++ ++ Summer holiday - -

Inter COOP 

Volumedisplay -- -
Centered LG10 Min.shelf life at 

retailer dc + ++

#Promotions product 

previous year + +

Pshychological 

price odd - N.s.

Inter EMTE 

Volumedisplay -- --

LG10 Growth sellingstores ++ ++ Place leaflet back**** + + PromoM 2for**** - - Inter Autumn Campina +*** N.s.

Place leaflet front**** + +

Comparable promotion at 

national retailer week x + +

Centered 

Temperature +*** N.s.

Inter Mulibuy 

Centeredshelf + +

Category JuicesCooled***** + + Brand Boerenland*** - - National holiday - N.s. Inter Winter Campina + N.s.

* N.s. = Not significant; Str. Shop. = Strength in Shopper model, Str. Ret. = Strength in retailer model 

** -- = Strong negative effect, - = Negative effect, + = Positive effect, ++ = Strong positive effect

*** Only significant when previous lift factor is removed

**** References: Optimel (brand), Albert Heijn (retailer), Single price off (promotion mechanism) and middle page (place leaflet)

***** Can be interpreted as Brand Coolbest
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store and retrieve the data required for the model. Currently, the data required is scattered amongst the 
sales, marketing and demand planning department. In addition, for each promotion input data from the 
retailer is required. For smooth implementation of the tool, it is important that all information required 
is easily available for all parties involved. Moreover, it is essential that the historical data is reliable 
and correct. For example, promotion volumes should be corrected afterwards in case the promotion 
condition is marked in the system too late resulting in sales data that shows increased regular volume 
instead of promotion volume during the promotion week. Currently, FrieslandCampina implements a 
new tool for managing the promotion process. When the model is implemented, it should be 
investigated to what extent the data available in the tool covers the data required for the forecast 
model. It is suggested that either the information in this tool will be enriched with the missing 
required data or a separate database is build. Ideally, this database is linked to the promotion tool 
database. Ease of use to add new promotion data and retrieve the information is of great importance. 
Third, an application should be developed for the forecasting model to calculate the lift factor using 
already known data from the database. For known data, one could think of relatively stable data such 
as purchase frequency and shelf life. Finally, roles and responsibilities for using and updating the 
database and owning the information should be assigned.  
 

2. Intensify the cooperation with all retailers with respect to promotions 
From the significant predictor variables shown in the model, it can be concluded that getting adequate 
information from retailers improves the promotion forecasts. Besides the information already shared 
about aspects such as brands and the number of products more information is desired in order to 
improve the promotion forecasts. By comparing with other research, it seems that FrieslandCampina 
is able to make promotion forecasts for shopper demand with a similar accuracy compared to retailers. 
This strength of FrieslandCampina can be used in discussion with the retailer about forecasts of future 
promotion demand. Ultimately, retailers benefit extremely when FrieslandCampina delivers the right 
amount of products to the retailers during promotions as well. If it is known that promotion forecasts 
and delivery of the manufacturer are reliable, safety stock can reduce and in addition out of stocks are 
avoided. Therefore, FrieslandCampina should endorse that cooperating in promotion forecasting is 
beneficial for retailers as well. 
 
Retailer input is desired to obtain reliable input data for the variables “percentage growth of selling 
stores” and “percentage volume sold in stores with display”. Compared to the current situation, 
gathering this data is new. Information about the number of selling stores per product is limited 
available before promotions. The number of stores and fixed store formats of retailers are available; 
however, it would be useful to focus also on changed product assortments during promotions 
compared to regular weeks as it seems that those numbers are not as stable as perceived. Retailers 
could help in providing this information.  
 
In addition, retailers should provide information about the percentage volume generally sold in stores 
in which second placements are placed. This means that besides asking for the number of stores with 
second placements, it is important to known how much of the volume these store generally sell. It is 
easy to understand that second placements in stores that sell large volumes affect the lift factor more 
than second placements in small stores. With some retailers no agreements are made yet on the 
amount of second placements during promotions. The positive effect of this variable indicates that 
agreements are beneficial for FrieslandCampina. Moreover, the results for the Albert Heijn dairy set 
show that specific information about the number of stores with second placements and especially the 
specific products on second placement increase the predictive performance of the model. If it is 
possible for FrieslandCampina to gather this information in the future from all retailers, the model can 
be re-estimated to increase the predictive performance.  
 
The exploration of the relationship between retailer orders and shopper demand has shown that 
substantial deviations exists between the difference in shopper demand and retailer orders over the 
retailers. It is recommended to gain insights into the supply processes of retailers to determine 
whether specific aspects in the supply chain such as the stock levels in the DC or stores cause the 
differences or whether aspects such as forward buy play a role here. With this information, it should 
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be considered whether it is possible to reduce the difference. It is challenging to create a win- win 
situation for both FrieslandCampina and the retailer when sharing such information. One should be 
aware that providing this information may be unbeneficial for retailers, especially if it turns out that 
forward buy counts for a considerable amount of the difference. For FrieslandCampina, it is 
unbeneficial that products sold are subsidized for promotions to shoppers but are sold by the retailers 
for regular prices. Ideally, one should agree on giving discount on actual sold volume based on 
cashier scans only.  
 
It has been shown that from the variables that manufacturers know, the information about a 
comparable promotion at a national retailer in promotion week x is a significant addition to 
information available at retailers. It should be thought of whether this information without 
confidential details can be given to retailers in case it is beneficial for them. This can be used as return 
to retailers when expanding the cooperation. 
 

3. Improve the effectiveness of promotions by focusing on the correct aspects when 

defining promotions 
Based on the insights gained in this research, FrieslandCampina can improve the effectiveness of its 
promotions. This research gained insights into the most important predictors of the lift factor. These 
insights can be used to define the best performing promotions. 
 
First, it can be concluded that the place of an advertisement in the leaflet is of significant importance 
in predicting the lift factor. However, compared to a medium size advertisement, no significant better 
lift factor is found for a small, large or page wide advertisement. Since different costs are related to 
the size of the advertisement and agreements have to be made on the place of the advertisement, it is 
suggested to focus on the place rather than the size of the promotion. For example, when the 
advertisement is placed in the middle of the leaflet, it does not seem beneficial to invest in a page 
wide advertisement. In addition, second placements can be used to significantly improve the lift factor 
of a promotion. This is the most important activation mechanism. Therefore, sales representatives 
should focus on improving agreements about second placements during promotions. However, 
investment costs should be taken into account as well. For example, savings because of a smaller 
advertisement could be invested in extra second placements in order to improve the promotion 
effectiveness.  
 
Contrary, a saving campaign at the retailer and the well-known retailer theme weeks have not been 
found significantly influencing the lift factor of a promotion. Retailers claim more traffic during this 
period in their stores and asking more compensation of manufacturers for a promotion expecting 
better promotions in these periods. Based on the results of this research, no evidence is found that 
these aspects actually lead to a higher lift factor. It seems more likely that any increase in the 
performance of promotions during these periods is caused by other aspects such as more promotion 
activation, a higher relative discount or the fact that traffic is generated due to other very attractive 
promotions. It is suggested to share these insights with retailers as it can be discussed whether the 
increase in costs for these promotions is fair. Further research would be interesting in differentiating 
between “regular promotions” during saving campaigns and promotions where extra saving stamps 
are given with the promotion. The effect of a saving campaign might be more visible then. 
 

4. Further recommendations for evaluation of promotions 
The importance of evaluating promotions is endorsed by the following recommendations. 
 
The results indicate that the impact of an unknown competitor promotion in the same week as a 
FrieslandCampina promotion significantly affects the lift factor. However, since the effect size and 
thereby effect on the lift factor is limited, a competitor promotion should not directly be appointed as 
the main cause in case of a disappointing FrieslandCampina promotion. In-depth evaluation is 
recommended to determine other causes as well.  
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Some evidence is found that the number of promotions in a year positively affects the lift factor. This 
is an interesting observation as it suggests increasing the number of promotions in order to maximize 
the lift factor and volume sold. However, cannibalization of base demand can be expected. This is not 
desired when aiming highest company profit. It is recommended to find the optimal balance between 
the promotion and base volume for a product and thereby the optimal number of promotions.  
 
In conclusion, this research has shown that a comparable amount of variance can be explained by the 
predictors for both shopper demand and retailer demand. Moreover, a forecasting model to predict 
retailer orders is developed which improves the forecast accuracy of promotions compared to the 
current situation. Besides, the spread in difference between retailer orders and shopper demand 
suggest differences in the retailer supply chains and ordering mechanisms. In the future, the predictors 
found in the current research can be extended by specific variables related to the ordering of retailers 
aiming to reduce the gap in unexplained variance. 
 

16. Generalizability of findings 

In this section, the generalizability of the findings is discussed for other product categories at 
FrieslandCampina, the retailers out of scope and for other manufacturers.  
 
16.1. Generalizability to other FrieslandCampina products and customers  

To examine the generalizability of the other products of the BrandedNL portfolio, it would be 
interesting to compare the sample used with the total product portfolio based on a distinction between 
fast movers and slow movers. Unfortunately, insufficient data is available (App. 5). The majority of 
the products in the sample are fast movers, indicating that the complete model is mainly calibrated on 
fast moving products. However, the complete model performs best for the slow movers as well.  
 
The sample used includes products that are part of one of the three main product categories: dairy 
fresh or ambient products and Juices. Most of the other brands sold by BrandedNL are part of these 
product groups and behavior of products in these groups is expected to be comparable. Other products 
sold are cheeses, butters and dairy coffee enrichers but the first two are produced by another OpCo. 
Promotions with coffee enrichers are rare, making the need for a promotion forecasting model less. 
Since most important variables are in line with findings of previous research that are also based on 
other product types, it is expected that the main drivers for promotion volume found are applicable for 
these products too. Besides, the retailers in scope are diverse since both national and regional retailers 
are included. Generalizing the findings on main drivers seems therefore fair as well. However, it 
should be stressed that when actually using the model for products and retailers not in scope, caution 
when assessing the lift factor predicted is advised as for those brands and retailers the significance and 
regression coefficients are not estimated and therefore not taken into account by the model. 
Actual use of the prediction model developed is not possible for products of which not the required 
historical data is available such as for products that are not part of the regular assortment and new 
product introductions. 
Generalizability of the findings to other FrieslandCampina OpCos serving other FMCG markets in 
Europe seems appropriate to a certain extent. The current model is calibrated on data of the Dutch 
FMCG market and some of the variables taken into account are based on data and occasions specific 
for this market such as the theme weeks and saving campaigns. These aspects are less generalizable 
when these events are not similar in other markets. However, generalizing findings of the main drivers 
endorsed by previous research seem appropriate. For different cultures in other parts of the world, 
additional investigation is needed to examine cultural differences, mentality and circumstances.  
 
16.2. Generalizability to other manufacturers 

The findings in this research suggest that the drivers for promotion sales of shopper demand lift factor 
can also be used to predict the retailer lift factor. This observation differs from the insights of Van der 
Poel (2010). The more homogenous dataset used in this research could be a possible explanation for 
the difference. For other manufacturers, it is interesting to investigate to what extent the predictors are 



Page 49 
 

similar. This can be beneficial in predicting the retailer promotion demand for them as well. However, 
a specific forecasting model should be calibrated on the data of the product portfolio for the other 
manufacturer should be made to actually make prediction for their demand. Besides, it is suggested to 
investigate whether competitor information available for the manufacturer can be used to improve 
forecasting performance.  
 
The general insights on the main drivers for promotional demand seem generalizable to other 
manufacturers in the FMCG market, especially in the Netherlands. 
 

17. Contribution to scientific literature 

In this section the research’s contribution is discussed based on the results obtained.  
 
First, this research extends the current knowledge on promotion forecasting from the manufacturer 
point of view. Similar to the research of Van der Poel (2010) the current research provides insights 
into the relationship between shopper demand and retailer promotion orders. The sample of Van der 
Poel (2010) was heterogeneous since food, home care and personal products are all included. The 
promotion forecasting model developed for customer demand performed worse in predicting the 
retailer lift factor with the shopper base as denominator. It was said that the variability in promotion 
demand between those categories differs strongly. The sample used in this research exists of quite 
homogenous food products. This research shows that the variability in demand between the shopper 
demand lift factor and the retailer order lift factor can be explained by a similar group of explanatory 
variables given the comparable MAPE values. It is an interesting insight as it provides possibilities to 
focus on and improve retailer forecasts as well by taking this shopper model developed as basic 
model. This model can be extended with more specific variables that potentially explain the difference 
between retailer orders and shopper demand in order to create forecasting models for retailer demand. 
 
Second, previous research ( (Peters, 2012), (Van Donselaar et al., 2015)) suggests that splitting dataset 
improves the forecast accuracy. Van Donselaar et al. (2015) suggest that two aspects are of 
importance in determining the best datasets to estimate the models on: first, the difference between 
non-routine and routine products; and second, the number of cases available. In this research, data 
was available from both multiple categories and multiple retailers since this research was executed at 
a manufacturer. Results indicate that for the more homogenous sample used in current research 
compared to the one of Van Donselaar et. al. (2015), it seems to be preferred to estimate the 
regression coefficients on the complete sample rather than a sample of one category of a retailer. 
Since the current research does not endorse better performance using a split in datasets for estimation, 
future research is suggested to further examine these observations. Besides, neither gives the current 
research evidence that combining data of multiple retailers as a manufacturer from a homogenous 
type of products leads to better forecasting models than the models obtained by individual retailers. 
Comparable performance on predicting shopper promotion demand can be obtained from both the 
manufacturer and retailer point of view. Limited research has been done in this direction before. 
 
Third, new potential explanatory variables for the future lift factor were investigated in the current 
research. First, the display variable is further specified which has been shown an important predictor. 
Based on expert interviews, it was decided to extend the insights already obtained from scientific 
research by adding new input variables which were expected to explain the lift factor. The addition of 
competitor and thereby substitution measures was one of the new aspects. The results of current 
research suggest that comparable promotions at different retailers do not necessarily negatively affect 
each other. Future research is necessary to further examine this. In addition, adding the effects of 
psychological prices and whether a promotion is part of a theme week have provided new and 
sometimes unexpected insights. The added shopper characteristic variables did not provide new 
insights but future research could further discuss the potential of adding variables in this direction. 
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18. Limitations and future research 

In this section, the limitations and suggestions for future research are discussed. 
 
Data availability for some variables was limited which could affect the results. For example, proxies 
are used for both variables about shopper behavior. For the competitor variables, decisions in which 
categories substitution was expected are based on expert opinion. Information about some of these 
variables is only available at a manufacturer which can in potential be used strategically. Since limited 
significance was found; it is suggested to define these variables more concise in future research. 
 
Out-of-stocks are not taken into account in the current research. Both the shopper data and the retailer 
order data are based on actual sales. Out of stocks can affect the sales data as both retailers and 
shoppers can decide to postpone, substitute or cancel their purchase if the desired product is 
unavailable. It would be interesting to investigate the substitution behavior of shoppers for the specific 
product portfolio. Besides, both the timing and extent of the out of stock in the promotion week such 
as the duration in days should be taken into account as well. Data availability might be an issue. 
 
Since the mathematical models are based on historical data, the inherent effect is that historical 
demand is expected to be a good representation for future behavior. Substantial changes in the 
behavior of on the one hand ordering behavior of the retailer, and on the other hand, the perception of 
shoppers to the product should be evaluated. Recalibration of the parameters might be desired. 
 
The current research solely focuses on promotions. From the company point of view, decisions should 
be made based on the total sales of both base and promotion demand. In order to reach company 
objectives, neither regular sales nor promotion sales only should be optimized. 
 
In future research, other variables can be taken into account to test whether model improvements can 
be obtained. For a specific manufacturer model variables should be included that explain the 
difference between retailer order demand and shopper demand: structural forward buy levels, ordering 
behavior during the loading and promotion period, stock level information at the retailer DC and 
stores. For a shopper demand model: even by using supply chain level data, information of regional 
aspects can be included in the model. In addition, competitor behavior can be further extended as well 
as specific shopper characteristics that potentially affect promotions. It should be stressed always 
taken into account that for practitioners the models should be useful. If too much of too detailed 
information has to be gathered for all the products, the model becomes less useful. 
 
The current research is solely based on the supply chain data. Scientific literature does not suggest 
univocal on the use of supply chain level or store level data in order to obtain the best forecast. By 
using store level data, more specific local data is included; however, a lower aggregation level 
introduces extra uncertainty and variability. The model of Van der Poel (2010) and the current model 
from the manufacturer point of view are based on supply chain data. Future research could investigate 
the potential of using store or DC data. 
 
Most of the existing promotion forecasting models have MAPE values compared to the one in this 
research. A common aspect is the linear regression methodology. A common issue is the problem of 
multicollinearity. It is suggested to investigate the potential of other methods. First, nonlinear 
regression could be a possibility. In addition, other statistical techniques such as LASSO can be used 
in which estimation and model selection are different from OLS. (Tibshirani, 1996). Besides, the 
rising popularity, use and development of data mining techniques such as neural networks might be 
promising. More complex methods have not yet necessarily been shown more accurate (Makridakis & 
Hibon, 2000); however, the strong development in this area might provide new insights. The 
techniques are less sensitive to multicollinearity so that the number of input variables can be 
increased. An important aspect to take into account for this type of models is that the 
understandability for practitioners must be ensured as those techniques are typically seen as a “black 
box”. To be used in practice, it is important that the models are understood.   
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Appendix 1 – Graphical representation company structure 

A visual representation of the company structure can be found in Figure 11. 
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Figure 11 Simplified company structure Royal FrieslandCampina N.V. and OpCo Branded NL/BE 
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Appendix 2 - Operational definitions of variables 

In this section, the operational definition of the variables included in the model can be found.  
 
Dependent variable  

Lift factor (scale, min: 1.0, max: 31.2) 
The lift factor is defined as the promotion sales in week x divided by the baseline sales in week x. 
To be able to calculate the lift factor, it is assumed that the total sales during the promotion week are 
equal to the total sales in the week.  
 

Product variables 

Baseline sales (Scale, min: 50, max: 83,794) 
The baseline sales in week x is defined as the average volume sold of the six most recent non 
promotions weeks preceding a specific promotion in consumer units. An average over a multiple 
week period is taken to reduce the effect of randomness. The baseline sales are the expected amount 
of volume sold during weeks without any action to promote the product.  
 
Ideally, the baseline is only calculated over weeks of which the percentage volume any promotion 
(measure of IRI) is 0 because then, none of the sales are affected by any price reductions. However, a 
trade off was found between the number of weeks the base was calculated over and this percentage 
since problems with calculating the base occur. When setting the criteria for “non promotion week” 
on 0% and checking 22 weeks prior to the promotion week many cases existed where no base 
calculations were possible since six weeks with value 0% did not exist. It was expected that these 
weeks mainly occur the weeks directly after a promotion due to, for example, extension of 
disappointing promotions at local retailers and thereby overstock of perishable products. However, it 
is worth to mention that the major part was not directly after a promotion week known by 
FrieslandCampina. In future research, it would be interesting to investigate to what extent and in 
which situations, retailers sell FrieslandCampina products at reduced price besides promotions 
subsided. Details can be found in Table 18. 
 
To be able to calculate base demand, either this threshold value or the number of weeks had to be 
adjusted. It is chosen to set the criteria for “non promotion week” at <15% and to calculate the base 
demand as the average of 6 weeks. In case it was still not possible to calculate a value, the base was 
calculated over 5 or 4 weeks. If still no value was found, the promotion is excluded from the dataset. 
 
Table 18 presents the percentage cases where no calculation was possible and the number of weeks 
the base was calculated over in the dataset.  
 
Table 18 Base calculation aspects 

 
 
Previous lift factor (Scale, min: 0.3, max: 35.3) 
The previous lift factor is the lift factor of the previous promotion for a specific SKU. 
 

 Dairy drink fresh Dairy drink ambientDairy eat Juices

Percentage promotions base over 6 weeks 97.6 96.9 94.5 97.6

Percentage promotions base over 5 weeks 1.1 1.1 2.5 0.3

Percentage promotions base over 4 weeks 0.6 0.2 1.0 0.0

Percentage promotions no base calculation possible 0.7 1.8 2.0 2.1

Percentage of %volume any promotion >15% during 

promotion week reported by FC of total number % 

volume any promotion >15% 35.1 22.4 49.7 36.9

Percentage of %volume any promotion >15% direct after 

promotion week reported by FC of total number % 

volume any promotion >15% 13.6 11.1 7.1 12.1

Percentage of %volume any promotion >15% else 51.3 66.4 43.2 51.0
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Category (nominal) 
The product categories in which the sales are analyzed are modelled with dummy variables: 
- Dairy drinks fresh 

- Dairy drinks ambient 

- Dairy eat 

- Juices Cooled 

- Juices Ambient 

The susceptibility to stockpiling behavior is measured with the following three variables: 
 
Purchase frequency per shopper 
The purchase frequency of a product is the number of sellings of the product by a shopper in the 
previous quarter finished of the current year measured as average over all Dutch retailers except for 
hard discount retailers. 
 
Shelf life (A+) (Scale, min: 10, max: 273) 
The guaranteed shelf life of the product is the shelf life in days when FrieslandCampina delivers it at 
the retailer distribution center. It is expected that FrieslandCampina delivers products with a higher 
A+ at the retailer DC; however, no information is available about this. 
 
Volume (Scale, min: 0.14, max: 1.6) 
The volume of one unit scanned at the cashier bought by shopper at a retailer store in cubic 
decimeters.  
 
#Weeks since previous promotion with product at retailer (Scale, min: 1, max: 96) 
The number of weeks between promotion week x and the previous promotion with that the specific 
SKU subsided by FrieslandCampina at the retailer of interest. 
 
#Weeks until comparable promotion at same retailer (Scale, min: 1, max 33) 
The number of weeks between promotion week x and the previous promotion in the same category at 
the retailer of interest. Only promotions which are at least communicated by leaflet are in scope.  
 
#Weeks until comparable promotion at national retailer (Scale, min: 0, max: 10) 
The number of weeks between promotion week x and the previous promotion in the same category of 
a national retailer. Only promotions which are at least communicated by leaflet are in scope. 
 
Retailer variables 

Retailer (Nominal) 
Dummy variables are created to include the retailers in de model: Albert Heijn, COOP, EMTE, 
Hoogvliet and Plus. 
 
Growth percentage number of selling stores (Scale, min: -6%, max: 520%) 
The percentage change in total number of stores selling of the product during the promotion week 
compared to the average percentage stores selling the product in the 6 most recent prior non 
promotion weeks. This variable can be interpreted as the relative growth of the total number of stores 
that sell the product during the promotion week compared to a regular week.  
 
Savings campaign (Nominal) 
This variable depicts whether a saving campaign at the retailer is held during the promotion week 
where shoppers can collect coupons for products or free products directly. 
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Promotion variables 

Number of products on promotion (Scale, min: 1, max: 40) 
The number of FrieslandCampina products in the same category that are registered as one promotion 
by FrieslandCampina. Promotions with multiple brands in the same category are few times seen as 
one promotion which is for example the case with promotions of Fristi and Chocomel. The only cross 
category promotions included are the total assortment promotions of Optimel which are seen as one 
promotion by FrieslandCampina.  
 
Theme week (Nominal) 
These dummy variables depicts whether the promotion is part of a theme week at the retailer of 
interest. Only large theme weeks of retailers where FrieslandCampina promotions are part from are 
taken into account. A selection is made based on the number of times a theme week has occurred and 
discussions with sales account managers. The following theme weeks are in scope: 
- Plus: Alles in de Tent 50%, Mega meevallers 
- AH: Route 99, Hamsterweken 
- Hoogvliet: Ronde prijzen, Partij voordeel, Gratis weken 
- EMTE: Stuntvoordeel 
- COOP: COOPjesjagers 

 
Promotion mechanism (Nominal) 
The promotion mechanism is modelled using dummy variables for the promotion mechanisms which 
are communicated to customers in a specific way: 
- Single price off: when a discount is given when a shopper buys one product 

- Second product half price: when the second products is half price 

- 2+1: when the third product is free 

- 2 for: when 2 products are sold for a fixed price 

- Multibuy: when 3,4,6 or 8 products are sold for a fixed price 
 

TV-support (Nominal) 
This variable depicts whether the promotion is promoted on television during the promotion week. 
 
Magazine (Nominal) 
This variable depicts whether the brand of the product on promotion was promoted in the retailer 
magazine during the promotion week. Albert Heijn has a monthly magazine, therefore the variable is 
marked “yes” when promotions with brands in those four weeks are supported by the magazine. Plus 
has a magazine each quarter, therefore the variable is marked “yes” when promotions with brands in 
those 16 weeks are supported by the magazine. 
 
Place in leaflet (Nominal) 
Using dummy variables, the place in the leaflet is modelled: 
- First page 

- In the middle of the leaflet 

- Last page 
 

Size in leaflet (Nominal) 
Using dummy variables the size in the leaflet is modelled: 
- Page wide 

- Big (+/- a half page of in the leaflet or bigger) 

- Medium (+/-  ¼ and ½ page in the leaflet) 

- Small (+/- smaller than ¼ page in the leaflet) 
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In the dataset, multiple ways of reporting the size of the advertisement in the leaflet exist. Based on a 
sample per reporting type, assumptions are made to make the report uniform.  
 
Second placement/Display (Nominal) 
This dummy variable depicts whether the product is promoted on second placement at a retailer store. 
This is the case when the product is placed in the store at a place where it attracts awareness of 
shoppers. 
 
%Volume sold by stores with second placement (Scale, min: 0%, max: 100%) 
To indicate the amount of stores where the product was on second placement, this variable measures 
the percentage volume sold of the product in stores where the product was on a display. Therefore, it 
indicates whether displays are used in either small stores or stores that generally account for a 
considerable part of the volume.  
 

Absolute discount (Scale, min: -0.10, max: 1.20) 
The absolute discount given per consumer unit in euros compared to the regular selling price.  
The regular sales price is the weighted average base price per unit as defined by IRI since is the best 
approximate available for the regular sales price.  
 
The discount is always calculated over similar products when the promotion mechanism is of the type 
that multiple products should be bought. 
 
Relative discount (Scale, min: -0.10%, max: 60%) 
The relative discount given per consumer unit compared to the regular selling price. The discount is 
always calculated over similar products when the promotion mechanism is of the type that multiple 
products should be bought. 
 
Regular sales price (Scale, min: 0.50, max: 2.35) 
The regular sales price in euros per unit at the retailer of interest.  
 
Psychological price – ending 9 (Nominal) 
This nominal variable depicts whether the total promotion price, i.e. the promotion price that should 
be paid by the shopper to get the discount, ends with 9.  
 
Psychological price – ending odd (Nominal) 
This nominal variable depicts whether the total promotion price, i.e. the promotion price that should 
be paid by the shopper to get the discount, ended with an odd number.  
 
External variables 

Temperature (Scale, min: 2.6, max: 29.6) 
This variable measures the average temperature in degrees Celsius during the promotion week. 
 
#Millimeter rain (Scale, min: 0, max: 97.3) 
The amount of rain in millimeters that is expected to fall during the promotion week. This value is 
calculated using KNMI data and meteo station “De Bilt” is taken as reference here. 
 
#Days with rain (Scale, min: 0, max: 7) 
The amount of days with rain during the promotion week. This value is calculated using KNMI data 
and meteo station “De Bilt” is taken as reference here. 
 
National holiday (Nominal) 
Depicts whether the promotion week consists a national holiday. The national holidays taken into 
account are: 
- New Year’s Day (January 1st) 
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- Good Friday 

- Easter (1st and 2nd) 

- Dutch liberation day 

- Queens day/Kingsday 

- Ascension day 

- Pentecost (1st and 2nd) 

- Christmas (1st and 2nd) 

- New Year’s Eve 
  

Special day (Nominal) 
Depicts whether the promotion week consists another special day. The extra days taken into account 
are: 
- Father’s day 

- Mother’s day 

- Sinterklaas 
 

Sports event (Nominal) 
Depicts whether the promotion week is held during a sports event. The sports events taken into 
account are: 
- FIFA world cup championship 

- FIFA European championship 

- Summer Olympic Games 

- Winter Olympic Games 
 

Holiday period (Nominal) 
Depicts whether the promotion week falls in one of the following holiday periods of one of the Dutch 
holiday regions: 
- Spring holiday (Voorjaarsvakantie) 
- May holiday 
- Summer holiday 
- Autumn holiday 
- Christmas holiday 

 
Season (Nominal) 
The season where the promotion week takes place is modelled using dummy variables. 
 
Brand variables 

Brand (Nominal) 
Dummy variables are created to include the brands in de model: Boerenland, Campina, Chocomel, 
Coolbest, DubbelFrisss, Fristi, Mona and Optimel. 
 
Promotion pressure of brand in category at retailer (Scale, min: 0%, max: 60%) 
The promotion pressure of the brand of the product in its category measured over the last 52 weeks 
started from the most actual start previous Q1 or Q3. 
 
%Volume of brand sold to house holdings with children (Scale, min: 40%, max: 70%) 
The percentage volume sold to households with children of the complete brand measured over the last 
52 weeks started from the start of the most actual previous Q1, Q2, Q3 or Q4 measured over all Dutch 
retailers except for hard discount retailers. 
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Penetration (Scale, min: 7%, max: 76%) 
The market penetration of the brand measured over the last 52 weeks started from the most actual start 
of Q1, Q2, Q3 or Q4. The market penetration is defined as the percentage buying house holdings in 
the Netherlands. 
 
Competitor variables 

Comparable promotion FC brand at national retailer week x (Nominal) 
Depicts whether a promotion in the same category is hold at a national retailer during promotion week 
x. Only promotions which are at least communicated by leaflet are in scope. The national retailers 
taken into account Albert Heijn, C1000, Jumbo, Plus. 
- For Albert Heijn promotions of C1000, Jumbo and Plus are taken into account. 

- For Plus, promotions of Albert Heijn, C1000 and Jumbo are taken into account. 
 

Comparable promotion FC brand at national retailer week x-1 (Nominal) 
Depicts whether a promotion in the same category is hold at a national retailer the week before 
promotion week x. Only promotions which are at least communicated by leaflet are in scope. The 
national retailers taken into account Albert Heijn, C1000, Jumbo, Plus. 
- For Albert Heijn promotions of C1000, Jumbo and Plus are taken into account. 

- For Plus, promotions of Albert Heijn, C1000 and Jumbo are taken into account. 
 

Difference with sales price national competitor (Scale, min:-1.24 max: 0.56) 
This variable depicts the absolute difference between the promotion price per unit during the 
promotion week in euros and the regular selling price of the product at a national retailer. First, it is 
checked whether the product is in the assortment of Albert Heijn, if not available then in sequence 
Plus, Jumbo, C1000. If the product cannot be bought at a national retailer during the promotion week, 
the difference with the competitor sales price is 0 and there is no incentive to buy the product 
elsewhere. 
 

Market share FC brand in category at retailer (branded only) (Scale, min: 0%, max: 60%) 
The market share of the FrieslandCampina brand in its category at the retailer of interest over the 
previous 52 weeks started from the start of the most actual previous Q1 or Q3 (only brands included). 
This variable is used to investigate the possibility of substitution since brand switching is said to be 
one the major driver for extra volume during promotions.  
 
Market share FC brand in category at retailer (branded and private label only) (Scale, min: 

0%, max: 60%) 
The market share of the FrieslandCampina brand in its category at the retailer of interest over 
previous 52 weeks started from the start of the most actual previous Q1 or Q3 (brands and private 
label included). 
 
Based on expert interviews, it is expected that external competition play an important role during the 
promotion week. The fact whether a competitor has scheduled a promotion in the same category in the 
same week or week before is expected to be affecting the lift factor. 
 
To determine which players are important to take into account for external competition of which 
FrieslandCampina does not have information in advance, the market shares of the different players per 
category are consulted as shown in the graphs of Figure 12. Using this approach, promotions of small 
competitors are out of scope in this research. For the external competition variables, it is decided to 
take in each category the competitor brands into account that form together at least 80% of the total 
market share. Table 19 shows the competitor brands that are taken into account. 
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Table 19 Competitor brands taken in to account 

 
 
 

 
Figure 12 Market shares of the major players per category over the period 2013 week 28-2015 week 
28. The percentage in the title of the graph show the total market share of the players included. 
 
Competitor promotion with branded product in category (Nominal) 
Depicts whether a competitor brand in the same category has a promotion pressure of at least 90% in 
promotion week x at one of the national retailers Albert Heijn, C1000, Jumbo or Plus. It is assumed 
that the promotions with competitor brands of at least 90% are national, subsided promotions as well.   

 

Competitor promotion with private label product in category (Nominal) 
Depicts whether private label in the same category has a promotion pressure of at least 90% in 
promotion week x at one of the national retailers Albert Heijn, C1000, Jumbo or Plus.  
 

Category Competitor brands taken into account

Juices Cooled Private label, Hero

Juices Ambient Private label, Wicky, Roosvicee

Dairy drinks fresh Private label, Melkunie

Dairy drinks Ambient Private label, Alpro, Private label C brand

Dairy Eat Private label, Private label C brand, Danone, Melkunie
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Competitor promotion with branded or private label product in category (Nominal) 
Depicts whether a competitor brand or private label product in the same category has a promotion 
pressure of at least 90% in promotion week x at one of the national retailers Albert Heijn, C1000, 
Jumbo or Plus.  
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Appendix 3 – Dataset creation 

In this Appendix, details on the creation of the dataset are given. Specially, aspects that have led to 
excluding cases from the initial dataset are further elaborated on.  
 
Data is gathered and combined from FrieslandCampina itself as well as from commercial parties IRI 
and GfK. For the period 2013 week 28-2015 week 27, the 5001 cases marked as promotion are based 
on the selection criteria that both FrieslandCampina data and commercial party PCN data (part of 
GfK) indicate the promotion because of the need for specific data.  
 
Details on some of the aspects with respect to dataset creation can be found in this section. 
• Only promotions that last a week are in scope of the research. Due to the small amount of 

promotions where the period deviates from this, it is decided to exclude these promotions from 
the dataset instead of adding assumptions in order to calculate the lift factor for these promotions. 

• The brands Optimel, Chocomel and Fristi have products on promotion that are not part of the 
regular assortment. They phase in before promotions and phase out after the promotion event. For 
these products, other methods should be used to predict future promotion quantity since no 
reliable base exists and thereby lift factors can theoretically increase to infinity. These products 
are removed from the dataset. 

• The assortment of FrieslandCampina is rapidly changing due to new introductions and the 
removal of exiting tastes. Promotions with new products of the brands Coolbest, DubbelFrisss, 
Boerenland and Campina are out of scope. Promotions with new products of the other brands are 
included. However, since a previous lift factor as variable is required for those new products, a 
reference promotion is chosen. The reference promotion is defined as the first promotion of the 
new product for which a reliable base and lift factor could be calculated (based on data 
availability). Therefore, the promotions of the new introduced product before the reference 
promotion and the reference promotion itself are excluded from the dataset. The reference weeks 
differ between retailers and brands due to the specific times of introduction of the product and the 
promotion weeks scheduled. 

• Promotions that phase out and have a very low base and therefore high lift factors are excluded 
since the lift factor is strongly influenced by the demand pattern of products that phase out. 

• Both retailers Hoogvliet (Wednesday-Tuesday) and EMTE (Sunday-Saturday) have promotion 
weeks different from Monday to Sunday.  For COOP, no adjustments are made and it is assumed 
that the promotion sales in the week from Monday to Sunday are equal to the quantity sold on 
promotion. Since no data is available at day level, no estimation can be made about the ratio sales 
sold on Sunday during a promotion week and sales sold during a regular Sunday. Recent market 
research of GfK has shown that only 3.88% of the grocery sales are gained on Sunday (Holla, 
2015). This percentage was rising over the past years. The data in the dataset reflects the period 
201328-201527 where this percentage was even lower in the first weeks of the dataset. The 
underestimation when making no corrections in the data equals on average the difference between 
the sales on a regular and promotion Sunday. This percentage is even lower than the 3.88%. Since 
the estimation error is expected to be higher, the effect of this assumption is expected to be 
limited. For Hoogvliet, it is assumed that the promotion quantity of the promotion started in week 
x, is the sum of the total sales in week x and x+1 minus the base of week x. 
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Appendix 4 – Outliers 

In this section, an overview of the outliers for each of the datasets is given. 
 
Figure 13 Overview outliers complete set 

 
 
  

Case 

number Z score

Case 

number Z score 

Case 

number  Z score  

Case 

number   Z score   

Case 

number      Z score     

2 4.37 670 6.09 1985 4.13 2765 5.72 2915 6.89

3 4.90 691 4.66 1988 4.13 2768 4.09 2916 4.66

19 4.37 692 5.04 1993 6.52 2771 5.72 2917 4.37

20 4.90 723 5.08 1998 4.13 2774 4.09 2927 4.37

36 4.37 724 4.88 2001 4.13 2777 -4.16 2945 4.19

37 4.90 725 5.19 2006 6.52 2778 5.72 2960 7.32

48 4.54 726 5.05 2011 4.13 2781 4.09 2970 7.32

49 4.48 727 4.60 2014 4.13 2785 5.72 2980 7.32

53 4.37 728 4.42 2019 6.52 2788 4.09 2988 7.32

54 4.90 729 5.78 2024 4.13 2792 5.72 3001 7.32

69 4.71 738 6.68 2027 4.13 2795 4.09 3003 7.89

83 4.20 739 4.68 2030 6.52 2799 5.72 3005 4.09

101 4.47 740 5.34 2031 4.55 2802 4.09 3008 7.32

232 5.01 803 7.70 2034 4.32 2805 5.72 3010 7.89

265 22.43 805 6.72 2035 4.13 2808 4.09 3012 4.09

266 8.94 807 6.72 2038 4.13 2812 5.72 3015 7.32

279 5.16 811 6.72 2043 6.52 2815 4.09 3017 7.89

281 -4.13 819 4.47 2048 4.13 2819 5.72 3021 -4.75

283 4.37 822 4.47 2051 4.13 2822 4.09 3024 -4.75

284 4.90 825 4.47 2056 6.52 2825 5.72 3031 -5.40

321 4.37 828 4.47 2057 4.04 2828 4.09 3034 -5.40

322 4.90 835 4.31 2061 4.13 2835 4.57 3037 5.45

338 4.37 836 4.24 2064 4.13 2838 4.57 3040 5.45

339 4.90 849 4.16 2067 6.52 2841 4.57 3077 4.33

340 4.26 850 4.10 2072 4.13 2869 -4.62 3078 4.27

355 4.37 881 4.12 2075 4.13 2872 -4.62 3122 4.63

356 4.90 986 6.07 2078 4.25 2874 -5.59 3123 4.64

357 4.02 1005 4.28 2079 4.20 2876 4.20 3124 4.88

366 4.63 1137 8.32 2187 4.18 2878 -5.59 3125 4.78

367 4.56 1362 4.36 2203 4.09 2880 4.25 3126 4.75

400 5.16 1363 4.30 2209 4.03 2882 -5.59 3127 4.66

402 -4.10 1376 5.84 2210 -4.23 2884 4.25 3128 4.75

403 5.16 1503 8.29 2241 4.75 2885 6.23 3129 4.62

405 -4.13 1505 8.29 2289 4.55 2889 6.23 3130 4.38

406 6.45 1530 5.16 2290 4.28 2893 4.37 3131 4.27

454 4.90 1532 5.16 2291 4.22 2894 7.33 3133 4.26

470 4.37 1548 5.16 2292 4.25 2895 9.51 3134 4.19

471 4.90 1693 5.16 2293 6.11 2896 8.50 3135 4.13

487 4.37 1696 8.29 2297 5.63 2897 8.14 3137 4.14

488 4.90 1698 8.29 2332 4.25 2898 5.95 3248 4.16

500 4.29 1808 8.29 2333 4.73 2899 6.64 3423 4.22

501 4.23 1935 6.52 2334 4.67 2900 6.72 3430 4.03

507 4.35 1940 6.52 2335 4.27 2901 8.09 3433 5.00

509 4.37 1944 4.13 2373 6.67 2902 10.46 3436 4.38

516 4.37 1947 4.13 2374 6.58 2903 10.27 3437 6.82

523 4.37 1954 6.52 2377 6.20 2904 7.37 3438 5.91

530 4.37 1959 4.13 2386 4.11 2905 4.37 3439 7.88

538 5.16 1962 4.13 2556 4.40 2906 5.19 3440 10.08

541 5.16 1967 6.52 2560 4.40 2907 6.01 3441 12.52

626 7.61 1969 4.13 2672 5.61 2908 5.19 3442 9.95

627 4.90 1971 4.40 2706 5.71 2909 4.96 3847 4.64

633 4.90 1972 4.13 2726 5.17 2911 4.05 3848 6.65

639 4.90 1975 4.13 2736 4.15 2912 4.11

650 5.20 1977 -4.03 2756 7.63 2913 5.47

669 5.57 1980 6.52 2762 5.72 2914 7.12

Complete set
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Figure 14 Overview outliers Albert Heijn set 

   

Case 

number Z score

Case 

number Z score 

Case 

number    Z score   

Case 

number  Z score       

54 4.46 2051 3.45 502 3.32 3255 4.34

284 4.46 1962 3.45 265 25.92 2855 -3.95

454 4.46 2075 3.45 266 10.51 2856 -3.95

471 4.46 2064 3.45 406 7.67

339 4.46 2027 3.45 232 6.03

3 4.46 2001 3.45 69 5.69

356 4.46 1988 3.45 51 4.57

20 4.46 2014 3.45 2861 4.35

37 4.46 1977 4.40 2862 3.79

488 4.46 1949 4.40 125 3.79

322 4.46 1990 4.40 3208 3.46

523 3.97 2003 4.40 2876 3.73

530 3.97 2029 4.40 2880 3.73

509 3.97 2016 4.40 2884 3.73

516 3.97 2053 4.40 2079 3.69

2927 3.97 1964 4.40 2078 3.69

2893 3.97 2040 4.40 540 3.52

2905 3.97 2077 4.40 2877 3.49

2917 3.97 2066 4.40 2881 3.49

53 3.97 3248 3.93 541 3.49

487 3.97 1961 3.67 543 3.49

470 3.97 256 3.66 537 3.49

283 3.97 80 3.40 538 3.41

36 3.97 2902 6.87 542 3.33

2 3.97 2903 6.73 536 3.33

338 3.97 2895 6.18 539 3.33

19 3.97 2896 5.45 2874 -5.67

355 3.97 2897 5.20 2878 -5.67

321 3.97 2901 5.16 2882 -5.67

1967 5.43 2904 4.64 2869 -4.67

1940 5.43 2894 4.62 2872 -4.67

2019 5.43 2914 4.46 405 -4.16

1935 5.43 2915 4.29 281 -4.16

1980 5.43 2900 4.17 402 -4.13

1993 5.43 2899 4.12 1971 -4.00

1954 5.43 2907 3.66 1969 -3.73

2043 5.43 2898 3.61 2885 6.72

2006 5.43 366 5.40 2889 6.72

2056 5.43 48 5.30 403 5.58

2030 5.43 500 5.03 279 5.58

2067 5.43 2928 3.92 400 5.58

1972 3.45 13 3.72 2835 4.96

1944 3.45 499 3.58 2841 4.96

1985 3.45 30 3.53 2838 4.96

2024 3.45 349 3.48 101 4.86

2048 3.45 501 3.29 208 4.34

2035 3.45 367 5.43 172 4.34

2072 3.45 49 5.34 180 4.34

1998 3.45 340 5.09 3302 4.34

2061 3.45 357 4.82 3246 4.34

2011 3.45 14 3.74 3298 4.34

1959 3.45 4 3.68 117 4.34

1975 3.45 31 3.55 109 4.34

1947 3.45 350 3.50 130 4.34

2038 3.45 21 3.32 3250 4.34

Albert Heijn set
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Appendix 5 – Exploration double peak 

This Appendix shows the histogram of the LN_lift factor when brands Mona and DubbelFrisss are 
excluded. 

 

Figure 15 Histogram of LN_Lift factor for all retailers and all brands except for Mona and 
DubbelFrisss 
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Appendix 6 – Fast movers and slow movers 

Based on the idea of an ABC classification (Reid, 1987), fast mover and slow mover products are 
distinguished. Based on the average total volume sold per product per week at the retailers in scope 
(Albert Heijn, COOP, EMTE, Hoogvliet and Plus) over the period week 28 2013 and week 27 2015, 
the pareto mechanism that 80% of the volume is determined by 20% of the products (i.e. the fast 
movers) has formed the basis to make a distinction between fast- and slow movers. Where the ABC 
classification distinctions A, B and C products, it is decided that for the current research it is sufficient 
to determine 2 categories. The 377 different EANs taken into account are only products the brands 
Boerenland, Campina, Chocomel, Coolbest, DubbelFrisss, Fristi, Mona and Optimel. Since no data is 
available for the other brands in the current research, the analysis cannot be performed on the 
complete portfolio making it impossible to compare the generalizability of current dataset with the 
complete FrieslandCampina portfolio. 
 
From Figure 16, it can be concluded that 116 (30%) EANs determine 80% of the average weekly 
volume. Those products are marked as fast movers while the others are marked as slow movers.  
 
The initial set with 3849 products (outliers included) consists of 3182 fast mover products. Given this 
ratio, it can be concluded that mainly fast movers are on promotion at FrieslandCampina. 
 
 

 
Figure 16 Cumulative distribution of average sales per week 
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Appendix 7 – Transformations of variables  

In this Appendix, it is first the need for transformations is presented in order to satisfy the 
assumptions of the normally distributed of the error terms and the homoscedasticity assumption. 
Transformations are used to transform the distribution of the variable data closer to the normal 
distribution which could solve the problem of the rejection of these assumptions. Second, the 
transformations used are presented. 
 
Necessity of transformations 

In this section, the results are discussed based on the results of the complete model without 
interactions (1a). This model is fitted on the data of all retailers and all products. Comparing Figure 17 
- Figure 19 with Figure 20 - Figure 22, improvement in satisfying the assumptions of normally 
distributed error terms and homoscedasticity is shown when for each variable the form is used in 
which the form of the data distribution is closest to the normal distribution. The transformations used 
to obtain these results are presented in the next section.  

 
Figure 17 Histogram error terms in model without transformations 

 
Figure 18 P-P plot in model without transformations 

 
Figure 19 Scatterplot to check level of homoscedasticity 
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Figure 20 Histogram error terms in model including transformations 

 
Figure 21 P-P plot in model including transformations 

 
Figure 22 Scatterplot to check level of homoscedasticity 

 
Transformations 

In previous section, it was shown that transformation of the variables is desired. In this section, it is 
shown for which variables transformations are used and in which form the variables are included in 
the models. First, an overview is given for the transformed variables. Second, the transformation of 
the dependent variable is presented. Third, the transformations of the independent variables are 
discussed generally. 
 
To decide on a transformation, the normality is tested using a normal probability plot and histograms. 
The tests of skewness and kurtosis and the Kolomogorov-Smirnov test which are commonly used to 
test normality are not suitable due to the high sample size where these tests become significant (Field, 
2009). Common transformations for positively or negatively skewed data are lognormal or 10log 
transformations, square root transformations, reciprocal or reverse score transformations. 
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Table 20 provides an overview from the transformations used. It can be seen that either logarithmic 
transformations with base 10 or the natural logarithm transformations is used. Although not strictly 
necessary, Field (2009) recommends using similar type of transformations for the variables in the 
model to increase interpretability. For each variable, the transformation is chosen that results in the 
best fit to the normal distribution. Skewness and Kurtosis measures are consulted with caution to 
decide on the best form of the variable when the histogram did not provide a clear result. 
 
Table 20 Overview transformations used 

 
 
Transformation dependent variable 
In Figure 23, on the left side the histogram of the variable lift factor is not normally distributed. A 
lognormal transformation results does not result in an ideally normal distributed variable; however, 
the results are a great improvement compared to the initial situation. This is also shown in the Q-Q 
plot presented. Therefore, it is decided to use this variable as dependent variable in the model. 
  

 
                       

  

Untransformed variable Corresponding transformed variable

Lift factor LN (lift factor)

#Products on promotion LN(#Products on promotion)

#MM 10log(#MM+1)

#Weeks since previous promotion with product at retailer 10log(#Weeks since previous promotion with product at retailer)

Purchase frequency 10log(Purchase frequency)

Baseline LN(Baseline)

Previous lift factor LN(previous lift factor)

#Weeks comparable promotion at same retailer 10log(#Weeks comparable promotion at same retailer)

#Weeks comparable promotion at national retailer 10log(#Weeks comparable promotion at same retailer+1)

Min. shelflife at retailer dc 10log(Min. shelflife at retailer dc)

%Growth number of sellingstores 10log(%Growth number of sellingstores+1)
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Figure 23 Result of transformation of dependent variable 
 
Transformations independent variables 
In addition, the histograms of the different independent variables are shown. Left, the untransformed 
variables are presented. Right, the histograms of the transformed variables are presented. 
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Histograms of untransformed variables used in model 
For the following variables, it was shown that keeping untransformed variable fits closest to the 
normal distribution compared to a logarithmic transformation. 
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Appendix 8 – Assumptions 

In this Appendix, the plots that support the satisfaction of the assumptions of the complete dataset are 
presented. Information related to the assumptions of the Albert Heijn set is presented as well. 
 
Complete dataset 

In this section, support is presented for the satisfaction of the assumptions for the complete dataset. 
 
Normality of residuals 
The normal probability plot and histogram in Figure 24 show that the residuals are normally 
distributed. 

 
Figure 24 Histogram and normal probability plot of errors for model based on complete set 
 
Homoscedasticity 
The variance of the residual terms of the predictors is constant since the scatterplot of the standardized 
predicted value of the dependent variables and standardized residuals in Figure 25 looks like a random 
set of dots. 

 
Figure 25 Scatterplot of standardized residuals and predicted values for model based on complete set 
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Linearity 
In this section, the partial plots of the complete model (1.ai) are shown. No trend is visible for any of 
the variables except for the LN_Previous lift factor. It was investigated that other transformations (the 
square root and power) did not improve the results obtained. 
 
Figure 26 Partial regression plots for variables in complete model (1.ai) 
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Albert Heijn dataset 

In this section, it is shown that the assumptions to use Prais Winsten regression are satisfied for the 
Albert Heijn dataset. The output for the best predicting Albert Heijn subset model is shown.  
 
Independence of errors for any two observations 
Using Prais Winsten regression, the Durbin Watson value is 1.990 close to 2, satisfying the 
assumption. 
 
No perfect multi collinearity 
The average VIF is 1.580, the maximum value is 3.124 satisfying the assumption. 
 
Normality of residuals 

 
 
Linearity 
The partial plots of the variables included show no problems with linearity. 
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Homoscedasticity 
The variable of homoscedasticity is satisfied. 
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Appendix 9 – Performance of the models 

In this Appendix, the results of the validation of the models including unknown competitor 
information are presented. In addition, the performance of the fast mover model (12.a) is discussed. 
 
Table 21 Results validation models with variables unknown competitor information 

 
 
Table 22 Results validation models extended with interactions with variables unknown competitor 
information 

 
 
Fast movers model (12.a) on complete validation set 
To gain more insights, the performance of the fast movers model (12.a) is also tested for all cases 
(14.a) and combined with the complete (1.a) and slow movers (13.a) model for the slow mover cases 
in the validation set. From Table 23, it can be concluded that all possibilities (14.a, 15.a, 16.a) 
perform worse compared to using the complete model (1.a) to predict the complete validation set.  
 
Table 23 Predicting complete dataset using fast movers model (12.a) 

  

Model Description

Adj. R2 in 

calibration RMSE LF

RMSE LF/ 

(Avr LF) RMSE PQ

RMSE 

PQ/(Avr 

PQ) MAPE MAD

MAD/ 

(Avr 

PQ) Bias

#Cases 

validation Avr PQ Avr LF #Predictors

1 Complete 74.2% 2.02 0.37 13,440 0.62 25.82% 4842 0.22 5.53% 1087 21,775 5.49 27

2

Complete excl Mona + 

DubbelFrisss 68.3% 1.86 0.46 15,151 0.76 30.60% 4953 0.25 0.11% 722 19,936 4.08 31

3 Drinks 77.6% 2.08 0.35 18,178 0.68 27.18% 6576 0.25 -0.70% 547 26,834 5.97 26

4 Eat 74.0% 2.20 0.44 8,239 0.49 34.10% 4161 0.25 -9.94% 540 16,650 5.00 18

5 Juices 80.1% 2.48 0.31 12,935 0.42 26.28% 6419 0.21 -9.75% 240 31,076 8.06 21

6 Ambient 72.4% 2.70 0.34 33,470 1.01 47.46% 12086 0.37 -29.14% 234 33,019 7.90 14

7 Fresh excl Mona 69.5% 1.77 0.44 11,428 0.63 29.36% 4239 0.23 9.17% 623 18,110 4.01 30

8 Fresh incl Mona 73.3% 1.98 0.41 9,950 0.53 31.49% 4094 0.22 3.69% 853 18,690 4.83 30

9 Mona 69.7% 5.02 0.71 15,245 0.75 68.90% 7626 0.38 -25.84% 230 20,262 7.04 18

10 Albert Heijn (separate dataset) 84.1% 1.69 0.37 27,957 0.52 29.71% 13850 0.26 -2.91% 313 53,414 4.52 20

11 Albert Heijn Dairy Eat 88.9% 1.96 0.41 16,135 0.39 31.81% 11500 0.28 7.56% 163 41,448 4.71 19

12 Fastmovers 76.9% 1.97 0.35 16,102 0.64 24.07% 5549 0.22 3.24% 910 25,132 5.68 25

13 Slowmovers 81.7% 3.00 0.67 3,138 0.69 43.27% 1646 0.36 -11.30% 177 4515 4.49 21

*(Avr) LF = (Average) lift factor, (Avr) PQ = (Average) promotion quantity, Adj. R2 = Adjusted R squared

Dataset Validation

Model Description

Adj. R2 in 

calibration RMSE LF

RMSE LF/ 

(Avr LF)

RMSE 

PQ

RMSE PQ/ 

(Avr PQ) MAPE MAD

MAD/ 

(Avr 

PQ) Bias

#Cases 

validation Avr PQ Avr LF #Predictors

1.i Complete incl. interactions 71.9% 1.96 0.36 11,371 0.52 26.27% 4456 0.20 1.64% 1087 21,775 5.49 34

2.i Complete excl Mona + DubbelFrisss 70.5% 2.09 0.51 14,721 0.74 32.39% 5049 0.25 1.34% 722 19,936 4.08 43

3.i Drinks 78.6% 2.06 0.34 19,146 0.71 27.04% 6622 0.25 -3.20% 547 26,834 5.97 29

4.i Eat 74.5% 3.25 0.65 8,500 0.51 43.02% 4625 0.28 -15.90% 540 16,650 5.00 22

5.i Juices 81.8% 2.52 0.31 10,377 0.33 25.75% 5353 0.17 -2.27% 240 31,076 8.06 25

6.i Ambient 75.9% 3.06 0.39 30,021 0.91 40.81% 9894 0.30 -17.80% 234 33,019 7.90 24

7.i Fresh excl Mona 70.0% 1.64 0.41 9,392 0.52 28.04% 3804 0.21 1.22% 623 18,110 4.01 32

8.i Fresh incl Mona 74.4% 1.98 0.41 11,449 0.61 29.10% 4499 0.24 14.89% 853 18,690 4.83 36

9.i Mona 72.6% 3.49 0.50 11,237 0.55 44.76% 5696 0.28 13.72% 230 20,262 7.04 21

10.i Albert Heijn (separate dataset) 84.3% 1.65 0.36 28,352 0.53 29.45% 13744 0.26 -4.06% 313 53,414 4.52 22

11.i Albert Heijn Dairy Eat 88.9% 1.96 0.41 16,135 0.39 31.81% 11500 0.28 7.56% 163 41,448 4.71 19

12.i Fastmovers 78.7% 1.95 0.34 19,202 0.76 25.18% 5880 0.23 -4.50% 910 25,132 5.68 38

13.i Slowmovers 82.9% 3.88 0.86 4,334 0.96 59.83% 2223 0.49 -33.11% 177 4515 4.49 31

Dataset Validation

*(Avr) LF = (Average) lift factor, (Avr) PQ = (Average) promotion quantity, Adj. R2 = Adjusted R squared

Model Description

RMSE 

LF

RMSE LF/ 

(Avr LF)

RMSE 

PQ

RMSE PQ/ 

(Avr PQ) MAPE MAD

MAD/ 

(Avr PQ) Bias Avr PQ Avr LF

14.a Fastmovers model for all cases 1.99 0.36 14,349 0.66 26.46% 4,837 0.22 3% 21,775 5.49

15.a Fastmovers specific model (12.a), slowmovers complete model (1.a) 1.96 0.36 14,340 0.66 25.63% 4,809 0.22 4% 21,775 5.49

16.a Fastmovers specific model (12.a), slowmovers specific model (13.a) 2.32 0.42 14,404 0.66 28.88% 4,946 0.23 3% 21,775 5.49

Dataset Validation
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Appendix 10 – Subset models main effects 

In this section, the Prais Winsten models without the unknown competitor variables are presented of 
subsets with main effect.  
 
Table 24 Regression coefficients complete model (1.a) 

 
 

Standardized 

Coefficients

B Std. Error Beta

LN_Previousliftfactor .396 .014 .397 27.876 .000

Relativepricediscount 1.167 .092 .163 12.652 .000

LN_#Productsinpromotion -.119 .015 -.097 -7.735 .000

Volumedisplay .298 .016 .218 18.181 .000

LG10_Purchasefrequencyofproduct -.615 .078 -.111 -7.928 .000

Brand_M ona .357 .025 .221 14.412 .000

LG10_M in.shelflifeatretailerdc .249 .022 .170 11.502 .000

LG10_Growthsellingstores 1.862 .120 .196 15.551 .000

Retailer_COOP -.185 .023 -.094 -7.936 .000

PlaceL_Front .184 .024 .095 7.563 .000

Category_JuicesCooled .187 .030 .089 6.279 .000

Display .143 .021 .076 6.791 .000

PromoM _2ndhalfprice -.204 .032 -.074 -6.330 .000

Retailer_EM TE .164 .025 .075 6.435 .000

@#Promotionsproductpreviousyear .032 .004 .111 8.500 .000

PlaceL_Back .145 .028 .058 5.100 .000

Promopressurebrandatretailer -.549 .077 -.104 -7.145 .000

Comparablepromotionatnationalretailerweekx .048 .018 .032 2.669 .008

Brand_Boerenland -.187 .048 -.044 -3.865 .000

LN_Baseline .024 .007 .050 3.468 .001

Otherspecialday -.063 .037 -.018 -1.700 .089

Summerholiday -.130 .027 -.068 -4.877 .000

Phycho logicalpriceIsodd -.035 .014 -.028 -2.481 .013

PromoM _2for -.061 .027 -.031 -2.263 .024

Temperature .007 .002 .058 4.133 .000

Nationalholiday -.094 .030 -.034 -3.077 .002

Sportsevent .050 .027 .019 1.834 .067

PromoM _M ultibuy .066 .030 .031 2.192 .028

Promotionwithsimilarbrandatnationalretailerweekx .035 .017 .024 2.041 .041

TVsupport .056 .027 .024 2.077 .038

(Constant) .024 .081 .293 .769

R egressio n C o eff ic ients

Unstandardized Coefficients

t Sig

The Prais-Winsten estimation method is used.
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Table 25 Regression coefficients Complete model without Mona and DubbelFrisss (2.a) 

 

Standardized 

Coefficients

B Std. Error Beta

LN_Previousliftfactor
.330 .018 .329 17.871 .000

Volumedisplay
.321 .021 .278 15.565 .000

LG10_M in.shelflifeatretailerdc

.224 .027 .159 8.438 .000

LN_#Productsinpromotion
-.208 .019 -.221 -10.676 .000

LG10_Growthsellingstores
1.741 .146 .230 11.893 .000

PlaceL_Front .244 .033 .123 7.337 .000

PlaceL_Back .285 .049 .102 5.844 .000

PromoM _2ndhalfprice
-.184 .040 -.085 -4.572 .000

Retailer_COOP
-.148 .032 -.091 -4.593 .000

Nationalholiday
-.118 .037 -.051 -3.200 .001

Brand_Boerenland
-.223 .051 -.078 -4.401 .000

Brand_Coolbest
.231 .036 .168 6.414 .000

Relativepricediscount
1.454 .115 .229 12.685 .000

Otherspecialday
-.138 .039 -.055 -3.521 .000

Display .095 .024 .068 3.994 .000

Savingcampaign
.054 .022 .046 2.497 .013

LG10_Purchasefrequencyofproduct -.640 .088 -.140 -7.290 .000

LN_Baseline .020 .008 .056 2.584 .010

Retailer_EM TE
.140 .037 .078 3.798 .000

@#Promotionsproductpreviousyear .028 .005 .116 6.015 .000

Promopressurebrandatretailer -.466 .091 -.101 -5.148 .000

PromoM _2plus1
.241 .065 .065 3.701 .000

M agazine .088 .036 .043 2.468 .014

LG10_#Weekscomparablepromotionatsameretailer .068 .037 .043 1.827 .068

Summerholiday
-.093 .027 -.060 -3.374 .001

Season_Winter
-.055 .034 -.030 -1.621 .105

Volume -.194 .043 -.071 -4.506 .000

@#Raindays -.010 .007 -.033 -1.435 .152

Promotionwithsimilarbrandatnationalretailerweekx1 .058 .020 .051 2.911 .004

PromoM _2for
-.063 .028 -.047 -2.211 .027

LG10_#M M .009 .028 .008 .331 .741

Phycho logicalpriceIsodd
-.027 .017 -.026 -1.538 .124

Sportsevent .042 .032 .021 1.322 .186

SizeL_Small -.025 .029 -.018 -.845 .398

(Constant) .647 .104 6.227 .000

R egressio n C o eff icients

Unstandardized Coefficients

t Sig

The Prais-Winsten estimation method is used.
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Table 26 Regression coefficients Drinks (3.a) 
 

 

  

Standardized 

Coefficients

B Std. Error Beta

LN_Previousliftfactor
.366 .019 .361 18.783 .000

Relativepricediscount
1.438 .127 .212 11.325 .000

Volumedisplay
.282 .021 .227 13.754 .000

LG10_M in.shelflifeatretailerdc

.278 .023 .227 11.885 .000

LG10_Growthsellingstores
2.227 .164 .253 13.588 .000

PlaceL_Front .256 .029 .153 8.820 .000

Retailer_COOP
-.171 .030 -.106 -5.685 .000

PromoM _2ndhalfprice
-.209 .042 -.076 -4.991 .000

Category_JuicesCooled
.237 .034 .155 6.979 .000

LN_#Productsinpromotion
-.068 .026 -.047 -2.629 .009

@#Promotionsproductpreviousyear .024 .005 .083 5.032 .000

Promotionwithsimilarbrandatnationalretailerweekx .070 .021 .052 3.319 .001

PlaceL_Back .148 .039 .061 3.828 .000

Retailer_EM TE
.092 .034 .049 2.717 .007

Display .070 .025 .042 2.828 .005

Nationalholiday
-.061 .039 -.024 -1.595 .111

Summerholiday
-.180 .040 -.103 -4.491 .000

Season_Summer
.091 .041 .057 2.237 .025

Temperature .004 .003 .031 1.438 .151

TVsupport .097 .037 .041 2.632 .009

LN_Baseline .036 .010 .087 3.741 .000

LG10_Purchasefrequencyofproduct -.399 .095 -.078 -4.202 .000

Retailer_Hoogvliet
.055 .033 .036 1.668 .095

Comparablepromotionatnationalretailerweekx1 .083 .028 .059 3.028 .003

LG10_#Weekscomparablepromotionatnationalretail

er
.092 .064 .031 1.443 .149

@#Raindays -.011 .005 -.031 -2.138 .033

PromoM _2for
-.046 .029 -.030 -1.565 .118

Otherspecialday -.042 .039 -.015 -1.080 .280

PromoM _M ultibuy .021 .031 .013 .687 .492

(Constant) -.448 .124 -3.614 .000

Unstandardized Coefficients

t Sig

The Prais-Winsten estimation method is used.
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Table 27 Regression coefficients Eat (4.a) 
 

 

  

Standardized 

Coefficients

B Std. Error Beta

LN_Previousliftfactor .399 .021 .405 19.184 .000

LN_#Productsinpromotion -.177 .021 -.162 -8.387 .000

Volumedisplay .332 .027 .211 12.502 .000

Display .273 .036 .123 7.574 .000

Brand_Boerenland
-.196 .057 -.062 -3.434 .001

LG10_Growthsellingstores
1.656 .177 .160 9.362 .000

Retailer_COOP
-.247 .051 -.088 -4.809 .000

Retailer_EM TE
.304 .050 .114 6.035 .000

@#Promotionsproductpreviousyear .043 .006 .145 7.722 .000

Phycho logicalpriceIsodd
-.036 .021 -.028 -1.753 .080

LG10_Purchasefrequencyofproduct -.797 .128 -.124 -6.240 .000

PromoM _2plus1 .191 .112 .027 1.707 .088

LG10_#M M -.093 .025 -.060 -3.770 .000

Relativepricediscount .736 .138 .095 5.348 .000

Volume -.326 .043 -.139 -7.569 .000

Retailer_Plus -.180 .037 -.103 -4.855 .000

Otherspecialday
.141 .067 .033 2.109 .035

Themeweek .077 .032 .038 2.388 .017

SizeL_Page .141 .035 .078 4.066 .000

LG10_#Weekscomparablepromotionats

ameretailer
.016 .044 .007 .373 .709

PromoM _M ultibuy
-.161 .090 -.029 -1.794 .073

PromoM _2ndhalfprice
-.213 .052 -.079 -4.136 .000

(Constant) 1.044 .090 11.554 .000

R egressio n C o eff ic ients

Unstandardized Coefficients

t Sig

The Prais-Winsten estimation method is used.
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Table 28 Regression coefficients Juices model (5.a) 
 

 

  

Standardized 

Coefficients

B Std. Error Beta

LN_Previousliftfactor .437 .027 .427 16.280 .000

Relativepricediscount 1.461 .164 .236 8.907 .000

Volumedisplay .265 .027 .219 9.657 .000

PlaceL_Front .252 .035 .164 7.119 .000

LG10_#Weekssincepreviouspromotionatretailerwithproduct .236 .066 .081 3.544 .000

SizeL_Page .159 .035 .103 4.618 .000

Nationalho liday -.191 .046 -.083 -4.156 .000

LG10_Growthsellingstores 1.668 .225 .185 7.405 .000

Retailer_COOP -.132 .033 -.087 -3.940 .000

PsychologicalpriceIs9 -.053 .028 -.042 -1.890 .059

@#Raindays -.041 .010 -.112 -4.056 .000

PromoM _2for -.095 .036 -.069 -2.613 .009

LG10_Purchasefrequencyofproduct -.480 .143 -.083 -3.364 .001

LG10_#Weekscomparablepromotionatnationalretailer .269 .080 .102 3.370 .001

Comparablepromotionatnationalretailerweekx1 .114 .038 .084 2.988 .003

LG10_#M M .083 .040 .062 2.075 .038

Retailer_Hoogvliet .109 .038 .071 2.863 .004

LN_Baseline .046 .014 .110 3.363 .001

@#Promotionsproductpreviousyear -.002 .012 -.004 -.151 .880

Summerho liday -.082 .033 -.051 -2.516 .012

(Constant) -.109 .170 -.641 .522

R egressio n C o eff icients

Unstandardized Coefficients

t Sig

The Prais-Winsten estimation method is used.
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Table 29 Regression coefficients Ambient model (6.a) 
 

 

  

Standardized 

Coefficients

B Std. Error Beta

Relativepricediscount 1.997 .215 .370 9.280 .000

Volumedisplay .304 .035 .241 8.788 .000

LN_Previousliftfactor .354 .030 .350 11.615 .000

LG10_Growthsellingstores 2.593 .258 .272 10.050 .000

Retailer_COOP
-.342 .037 -.259 -9.315 .000

PlaceL_Front .193 .038 .158 5.044 .000

Summerholiday
-.207 .057 -.147 -3.634 .000

Nationalholiday
-.098 .055 -.049 -1.795 .073

PromoM _M ultibuy
.129 .038 .116 3.382 .001

@#Raindays -.017 .008 -.056 -2.165 .031

M agazine .235 .100 .061 2.350 .019

Comparablepromotionatnationalretailerweekx .102 .035 .088 2.948 .003

SizeL_Large -.067 .032 -.055 -2.072 .039

Display .218 .060 .095 3.659 .000

Volume -.251 .095 -.108 -2.635 .009

Season_Summer
.089 .052 .068 1.701 .090

LG10_#Weekssincepreviouspromotionatretailerwithproduct -.091 .052 -.045 -1.747 .081

(Constant) .680 .132 5.150 .000

R egressio n C o eff icients

Unstandardized Coefficients

t Sig

The Prais-Winsten estimation method is used.
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Table 30 Regression coefficients Fresh without Mona model (7.a) 
 

 

Standardized 

Coefficients

B Std. Error Beta

LN_Previousliftfactor
.340 .019 .342 17.993 .000

Volumedisplay
.318 .021 .283 15.116 .000

LN_#Productsinpromotion
-.243 .020 -.260 -12.054 .000

LG10_Growthsellingstores
1.716 .154 .228 11.108 .000

Relativepricediscount
1.309 .119 .210 10.981 .000

PlaceL_Back .261 .045 .099 5.786 .000

LG10_Purchasefrequencyofproduct

-.578 .090 -.130 -6.409 .000

PlaceL_Front .214 .035 .109 6.066 .000

Nationalholiday
-.108 .036 -.051 -2.990 .003

Volumesoldtohouseho ldingswithchildren 2.448 .404 .115 6.061 .000

Retailer_COOP
-.155 .031 -.096 -4.947 .000

Display .098 .024 .073 4.075 .000

LN_Baseline .019 .008 .053 2.345 .019

Savingcampaign
.034 .020 .030 1.672 .095

Otherspecialday
-.108 .040 -.045 -2.722 .007

Retailer_Plus -.027 .028 -.017 -.961 .337

@#Promotionsproductpreviousyear .029 .005 .124 6.176 .000

Promopressurebrandatretailer -.205 .093 -.045 -2.194 .028

Retailer_EM TE
.132 .032 .079 4.156 .000

PromoM _2plus1 .231 .071 .060 3.268 .001

PromoM _M ultibuy -.291 .061 -.085 -4.792 .000

Volume -.292 .044 -.114 -6.634 .000

Comparablepromotionatnationalretailerweekx1 .075 .025 .063 2.986 .003

Category_JuicesCooled .450 .037 .354 12.183 .000

PromoM _2for -.081 .028 -.065 -2.859 .004

PromoM _2ndhalfprice -.162 .040 -.079 -4.090 .000

Summerholiday -.169 .035 -.116 -4.868 .000

Temperature .009 .002 .095 3.998 .000

SizeL_Large .040 .024 .030 1.649 .099

(Constant) -.288 .201 -1.430 .153

R egressio n C o eff icients

Unstandardized Coefficients

t Sig

The Prais-Winsten estimation method is used.
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Table 31 Regression coefficients Fresh with Mona model (8.a) 
 

 

  

Standardized 

Coefficients

B Std. Error Beta

LN_Previousliftfactor
.416 .016 .419 26.581 .000

Volumedisplay
.275 .019 .202 14.378 .000

LG10_Purchasefrequencyofproduct -.700 .087 -.133 -8.041 .000

Relativepricediscount
.986 .102 .133 9.623 .000

LN_#Productsinpromotion
-.144 .017 -.126 -8.332 .000

LG10_Growthsellingstores
1.872 .145 .206 12.954 .000

@#Promotionsproductpreviousyear .037 .004 .135 8.950 .000

Retailer_COOP
-.110 .033 -.052 -3.381 .001

Promopressurebrandatretailer -.208 .089 -.039 -2.340 .019

Display .120 .023 .069 5.305 .000

Retailer_EM TE
.273 .036 .124 7.497 .000

Phycho logicalpriceIsodd
-.034 .016 -.027 -2.099 .036

PlaceL_Front .143 .030 .065 4.753 .000

PlaceL_Back .115 .038 .041 3.049 .002

Brand_Boerenland
-.200 .050 -.053 -3.999 .000

LN_Baseline .043 .010 .091 4.244 .000

Retailer_Hoogvliet
.132 .033 .086 3.979 .000

PromoM _M ultibuy
-.321 .059 -.070 -5.453 .000

Temperature .009 .002 .072 4.116 .000

Summerholiday
-.140 .032 -.074 -4.455 .000

PromoM _2ndhalfprice
-.265 .040 -.096 -6.631 .000

SizeL_Page .127 .029 .067 4.442 .000

Nationalholiday
-.066 .035 -.024 -1.876 .061

PromoM _2for
-.108 .028 -.061 -3.826 .000

Volume -.414 .035 -.191 -11.720 .000

Category_JuicesCooled
.340 .037 .181 9.291 .000

PromoM _2plus1
.117 .078 .020 1.507 .132

Comparablepromotionatnationalretailerweekx1
.084 .026 .050 3.256 .001

LG10_#M M -.060 .019 -.040 -3.229 .001

Promotionwithsimilarbrandatnationalretailerweekx .052 .018 .036 2.803 .005

Otherspecialday
-.043 .041 -.013 -1.042 .297

(Constant) .525 .114 4.602 .000

R egressio n C o eff ic ients

Unstandardized Coefficients

t Sig

The Prais-Winsten estimation method is used.
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Table 32 Regression coefficients Mona model (9.a) 
 

 

  

Standardized 

Coefficients

B Std. Error Beta

LN_Previousliftfactor
.435 .027 .454 16.243 .000

Volumedisplay
.190 .034 .141 5.635 .000

LG10_#Weekssincepreviouspromotionatretailerwithproduct -.412 .073 -.190 -5.679 .000

Display .224 .056 .093 4.011 .000

Retailer_EM TE
.773 .070 .355 10.962 .000

LG10_Growthsellingstores
1.965 .247 .227 7.959 .000

Season_Winter
-.247 .054 -.153 -4.597 .000

@#Promotionsproductpreviousyear .032 .008 .142 4.092 .000

Retailer_Hoogvliet
.367 .055 .254 6.676 .000

SizeL_Page .264 .039 .200 6.830 .000

M agazine .474 .115 .098 4.137 .000

Season_Autumn
-.248 .056 -.176 -4.411 .000

Volumeso ldtohouseho ldingswithchildren 14.004 2.468 .139 5.675 .000

PlaceL_Front .150 .044 .091 3.435 .001

LN_Baseline .068 .021 .121 3.263 .001

Season_Summer
-.192 .056 -.126 -3.419 .001

PromoM _2ndhalfprice
.099 .085 .035 1.172 .242

Promotionwithsimilarbrandatnationalretailerweekx1 -.041 .034 -.028 -1.184 .237

PromoM _M ultibuy
.232 .138 .039 1.676 .094

LG10_#Weekscomparablepromotionatsameretailer .090 .052 .045 1.722 .086

(Constant) -4.769 .932 -5.117 .000

R egressio n C o eff icients

Unstandardized Coefficients

t Sig

The Prais-Winsten estimation method is used.
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Table 33 Regression coefficients Albert Heijn model (10.a) 
 

 
  

Standardized 

Coefficients

B Std. Error Beta

LN_Previousliftfactor
.331 .021 .328 15.536 .000

Volumedisplay
.528 .027 .377 19.212 .000

Promopressurebrandatretailer

.692 .128 .118 5.425 .000

LG10_Growthsellingstores
2.391 .284 .132 8.433 .000

Relativepricediscount
1.458 .180 .141 8.118 .000

LN_#Productsinpromotion
-.177 .022 -.150 -8.100 .000

Display .138 .031 .074 4.396 .000

LG10_Purchasefrequencyofproduct -.961 .134 -.162 -7.168 .000

Otherspecialday
-.191 .040 -.079 -4.802 .000

Promotionwithsimilarbrandatnationalretailerweekx1 .170 .022 .141 7.908 .000

@#Promotionsproductpreviousyear .050 .005 .212 9.210 .000

Category_DairyDrinksFresh -.205 .032 -.141 -6.470 .000

PromoM _2plus1 .147 .042 .062 3.488 .001

Savingcampaign -.135 .027 -.101 -5.030 .000

Nationalholiday
-.178 .036 -.082 -5.001 .000

Brand_Fristi .508 .144 .057 3.514 .000

Themeweek -.075 .031 -.042 -2.422 .016

TVsupport .150 .028 .101 5.297 .000

Season_Summer
-.090 .025 -.062 -3.584 .000

Category_JuicesCooled
.174 .033 .090 5.213 .000

(Constant) .315 .112 2.821 .005

R egressio n C o eff ic ients

Unstandardized Coefficients

t Sig

The Prais-Winsten estimation method is used.



Page 97 
 

Table 34 Regression coefficients Albert Heijn Dairy Eat model (11.a) 
 

 

  

Standardized 

Coefficients

B Std. Error Beta

LN_Previousliftfactor
.275 .032 .270 8.693 .000

Volumedisplay
.512 .043 .290 12.045 .000

LG10_Growthsellingstores
2.665 .385 .134 6.915 .000

LG10_#Weekssincepreviouspromotionatretailerwithproduct
-.156 .053 -.071 -2.965 .003

Promotionwithsimilarbrandatnationalretailerweekx1 .283 .037 .207 7.758 .000

LG10_#Weekscomparablepromotionatsameretailer .183 .056 .068 3.251 .001

Display .194 .044 .090 4.365 .000

@#Promotionsproductpreviousyear .071 .009 .232 8.055 .000

Savingcampaign
-.319 .045 -.230 -7.075 .000

Volume -.393 .067 -.166 -5.840 .000

Summerholiday
-.286 .052 -.139 -5.524 .000

SizeL_Page .184 .048 .118 3.845 .000

LG10_Purchasefrequencyofproduct -.588 .204 -.084 -2.887 .004

Nationalholiday
-.169 .053 -.073 -3.166 .002

SizeL_Small .209 .064 .078 3.263 .001

LN_#Productsinpromotion
-.120 .032 -.095 -3.714 .000

TVsupport .155 .041 .100 3.750 .000

Season_Winter
.128 .044 .068 2.878 .004

PlaceL_Front -.188 .077 -.064 -2.439 .015

(Constant) .966 .133 7.252 .000

R egressio n C o eff icients

Unstandardized Coefficients

t Sig

The Prais-Winsten estimation method is used.
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Table 35 Regression coefficients Fast movers model (12.a) 
 

 

  

Standardized 

Coefficients

B Std. Error Beta

LN_Previousliftfactor
.361 .016 .362 23.165 .000

Relativepricediscount
1.620 .097 .230 16.695 .000

LN_#Productsinpromotion
-.192 .017 -.154 -11.439 .000

Brand_M ona .370 .024 .243 15.181 .000

Volumedisplay
.299 .017 .218 17.763 .000

LG10_M in.shelflifeatretailerdc .215 .021 .157 10.271 .000

LG10_Growthsellingstores
1.364 .134 .123 10.194 .000

Brand_Coolbest
.144 .027 .071 5.286 .000

PlaceL_Front .173 .022 .097 7.888 .000

Retailer_COOP
-.158 .023 -.087 -6.788 .000

LG10_Purchasefrequencyofproduct -.691 .079 -.123 -8.699 .000

@#Promotionsproductpreviousyear .031 .004 .113 8.276 .000

PromoM _2ndhalfprice
-.141 .033 -.053 -4.280 .000

Retailer_EM TE
.112 .026 .056 4.389 .000

Display .113 .027 .050 4.261 .000

PlaceL_Back .085 .028 .037 3.017 .003

Promopressurebrandatretailer -.447 .078 -.089 -5.755 .000

Comparablepromotionatnationalretailerweekx .048 .017 .034 2.841 .005

SizeL_Page .090 .022 .053 4.016 .000

Phycho logicalpriceIsodd
-.046 .014 -.038 -3.333 .001

Brand_Boerenland
-.228 .047 -.058 -4.878 .000

Summerholiday
-.104 .025 -.059 -4.115 .000

Temperature .005 .002 .045 3.116 .002

Retailer_Plus -.031 .021 -.018 -1.428 .153

LG10_#Weekscomparablepromotionatsameretailer .028 .026 .015 1.084 .278

Nationalholiday
-.074 .028 -.030 -2.609 .009

(Constant) .462 .074 6.243 .000

R egressio n C o eff icients

Unstandardized Coefficients

t Sig

The Prais-Winsten estimation method is used.
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Table 36 Regression coefficients Slow movers model (13.a) 
 

 

  

Standardized 

Coefficients

B Std. Error Beta

LN_Previousliftfactor .309 .029 .297 10.516 .000

LN_#Productsinpromotion -.203 .028 -.194 -7.229 .000

LG10_Growthsellingstores 3.935 .244 .494 16.146 .000

Volumedisplay .235 .049 .135 4.760 .000

Relativepricediscount 1.244 .188 .174 6.604 .000

Category_DairyDrinksFresh -.432 .052 -.243 -8.271 .000

Retailer_COOP -.546 .060 -.270 -9.164 .000

Display .173 .037 .115 4.719 .000

Promotionwithsimilarbrandatnationalretailerweekx1 .178 .032 .130 5.586 .000

Nationalholiday -.257 .068 -.085 -3.784 .000

Category_JuicesAmbient .338 .059 .163 5.693 .000

PromoM _2ndhalfprice -.274 .056 -.123 -4.923 .000

Otherspecialday -.284 .084 -.076 -3.383 .001

Retailer_Plus -.145 .045 -.094 -3.255 .001

TVsupport .106 .050 .053 2.120 .035

Phycho logicalpriceIsodd -.094 .029 -.073 -3.253 .001

PromoM _M ultibuy .146 .070 .064 2.093 .037

Summerholiday -.165 .060 -.080 -2.746 .006

M arketsharebrandatretailerincategoryPLBranded .580 .141 .123 4.104 .000

PlaceL_Front .214 .050 .117 4.285 .000

@#Promotionsproductpreviousyear -.013 .009 -.043 -1.568 .118

Temperature .008 .004 .056 1.874 .062

Brand_Campina -.195 .068 -.069 -2.888 .004

PlaceL_Back .232 .058 .091 4.031 .000

(Constant) .655 .128 5.111 .000

R egressio n C o eff icients

Unstandardized Coefficients

t Sig

The Prais-Winsten estimation method is used.
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Appendix 11 – Complete model with interactions (1.ai) 

In this appendix, the model summary, regression coefficients and correlation matrix of the complete 
model including interactions (1.ai) can be found. 
  
Table 37 Model summary output SPSS complete model with interactions (1.ai) 

 
  

R R Square

Adjusted R 

Square

Std. Error of 

the Estimate

Durbin-

Watson

.849 .720 .716 .236 2.154

M o del F it  Summary

The Prais-Winsten estimation method is used.
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Table 38 Regression coefficients complete model interactions (1.ai) 

 

Standardized 

Coefficients

B Std. Error Beta

LN_Previousliftfactor
.446 .014 .448 32.132 .000

Relativepricediscount
.940 .096 .131 9.820 .000

LN_#Productsinpromotion
-.118 .017 -.095 -7.115 .000

Volumedisplay
.375 .019 .281 20.002 .000

Centered_LG10_M in.shelflifeatretailerdc

.079 .023 .052 3.487 .000

LG10_Growthsellingstores
1.610 .121 .174 13.269 .000

Retailer_COOP
-.014 .034 -.007 -.414 .679

PlaceL_Front .184 .026 .092 7.025 .000

Category_JuicesCooled
.149 .032 .069 4.624 .000

Display .168 .022 .092 7.724 .000

LG10_Purchasefrequencyofproduct

-.938 .077 -.171 -12.179 .000

PromoM _2ndhalfprice
-.212 .035 -.074 -6.043 .000

Retailer_EM TE
.307 .039 .137 7.971 .000

@#Promotionsproductpreviousyear .020 .004 .066 5.244 .000

PlaceL_Back .128 .032 .049 3.967 .000

Comparablepromotionatnationalretailerweekx .051 .020 .033 2.572 .010

Brand_Boerenland
-.228 .051 -.055 -4.439 .000

LN_Baseline .016 .007 .033 2.155 .031

Otherspecialday
-.064 .041 -.017 -1.560 .119

Season_Autumn
-.070 .031 -.040 -2.230 .026

Season_Winter
-.075 .039 -.033 -1.926 .054

Brand_Campina
-.159 .040 -.066 -3.940 .000

Brand_Fristi .082 .078 .012 1.051 .293

Summerholiday
-.150 .032 -.073 -4.667 .000

PhychologicalpriceIsodd
-.031 .015 -.024 -2.085 .037

PromoM _2for
-.100 .029 -.050 -3.460 .001

Centered_Temperature
.006 .002 .040 2.278 .023

Nationalholiday
-.128 .037 -.044 -3.501 .000

PromoM _M ultibuy
-.116 .046 -.052 -2.544 .011

Promotionwithsimilarbrandatnationalretailerweekx
.042 .019 .027 2.252 .024

TVsupport .076 .029 .032 2.565 .010

Inter_COOPVolumedisplay
-.287 .045 -.106 -6.369 .000

Inter_EM TEVolumedisplay
-.314 .046 -.115 -6.807 .000

Inter_AutumnCampina
.121 .057 .033 2.138 .033

Inter_WinterCampina
.285 .085 .041 3.353 .001

Inter_M ulibuyCenteredshelf .186 .059 .070 3.119 .002

Inter_FristiCentered_Temperature -.010 .017 -.007 -.608 .543

(Constant)
.560 .078 7.205 .000

The Prais-Winsten estimation method is used.

R egressio n C o eff icients

Unstandardized Coefficients

t Sig
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Table 39 Correlation matrix of complete model with interactions (1.ai) 
 

 

LN Liftfactor Volumedisplay Display

Regular 

salesprice

#Promotions 

product 

previous year #Raindays

Centered 

Temperature National holiday

Other special 

day Holiday period Summerholiday Sports event

Saving 

campaign Themeweek

LN_Liftfactor 1.000 .430 .292 -.202 .179 -.075 -.043 -.036 -.052 .024 .015 .033 -.040 .004

Volumedisplay .430 1.000 .428 -.278 .063 -.059 .036 .046 -.046 .075 .063 .036 -.004 .019

Display .292 .428 1.000 -.149 .124 -.049 -.024 .005 -.061 .006 -.006 -.011 -.008 -.039

Regularsalesprice -.202 -.278 -.149 1.000 -.070 -.053 .000 -.010 -.015 -.076 -.032 -.003 .000 -.098

#Promotions product 

previous year

.179 .063 .124 -.070 1.000 .062 -.014 .037 .026 -.029 .023 .032 -.065 .017

#Raindays -.075 -.059 -.049 -.053 .062 1.000 -.352 .090 -.031 .001 -.106 .035 .022 -.079

Centered Temperature -.043 .036 -.024 .000 -.014 -.352 1.000 .095 -.114 .482 .623 .112 -.074 .165

National holiday -.036 .046 .005 -.010 .037 .090 .095 1.000 .164 -.157 -.169 .061 .019 -.153

Other special day -.052 -.046 -.061 -.015 .026 -.031 -.114 .164 1.000 -.164 -.127 .135 .057 -.056

Holiday period .024 .075 .006 -.076 -.029 .001 .482 -.157 -.164 1.000 .773 .176 -.301 .058

Summerholiday .015 .063 -.006 -.032 .023 -.106 .623 -.169 -.127 .773 1.000 .118 -.303 .129

Sportsevent .033 .036 -.011 -.003 .032 .035 .112 .061 .135 .176 .118 1.000 -.046 -.093

Saving campaign -.040 -.004 -.008 .000 -.065 .022 -.074 .019 .057 -.301 -.303 -.046 1.000 .031

Themeweek .004 .019 -.039 -.098 .017 -.079 .165 -.153 -.056 .058 .129 -.093 .031 1.000

Volume -.043 .078 -.028 -.115 -.025 -.044 .096 .032 .046 .091 .038 .067 -.060 .000

TVsupport .107 -.044 -.010 -.060 .182 .052 .034 -.048 -.082 .000 .058 .024 .077 .060

Magazine -.142 -.116 -.017 .108 .095 -.013 .041 .029 -.056 -.005 -.030 .017 -.100 .020

Absolute discount .262 -.115 -.071 .499 .090 -.032 .004 -.030 -.040 -.028 .031 .042 -.121 -.020

Relative price discount .428 .031 -.002 .033 .140 -.022 .015 -.025 -.041 .017 .060 .046 -.129 .014

Pshychological price Is odd -.032 .052 -.018 .028 -.206 .024 -.059 -.019 .040 .059 .019 .008 .090 -.076

Psychological price Is 9 .040 .124 .002 .022 -.167 .034 -.083 .013 .036 .064 .026 .042 .087 -.080

Difference sale price with 

national competitor

-.275 .013 .024 -.417 -.007 -.006 .005 .003 .056 .010 -.030 -.043 .104 -.017

Comparable promotion a 

tnational retailer week x

.226 .109 .019 -.136 -.025 -.032 -.163 -.131 .018 -.129 -.128 -.029 .064 -.089

Comparable promotion at 

national retailer week x-1

.114 .139 .163 -.255 .019 .081 -.138 .005 -.041 -.003 .002 -.001 .039 -.089

Promotion with similar 

brand at national retailer 

week x

.081 .048 -.023 -.056 -.083 .068 -.189 -.021 .035 -.105 -.071 -.125 -.024 -.040

Promotion with similar 

brand at national retailer 

week x-1

.149 .168 .143 -.176 .043 .028 -.076 .080 .003 -.065 -.042 .064 .187 -.096

Centered Promopressure .335 .093 .086 -.379 .511 .073 .009 .041 -.032 .042 .047 .083 -.087 .034

Marketshare brand at 

retailer in category PL 

-.290 -.014 -.098 .094 .215 -.061 -.022 -.024 .059 .013 -.009 .023 -.034 .151

Marketshare brand at 

retailer in category Branded 

-.292 -.096 -.135 .215 .138 -.035 -.037 -.030 .040 -.010 -.015 .025 -.077 .085

Penetration of brand .067 .081 .103 -.133 .038 .026 .013 .034 -.030 -.063 -.016 -.048 .052 .014

Pearson Correlation

 



Page 103 
 

Volume TV support Magazine

Absolute 

discount

Relative price 

discount

Pshychological 

price Is odd

Psychological 

price Is 9

Difference sales 

price with 

national 

competitor

Comparabl 

epromotion at 

national retailer 

week x

Comparable 

promotion at 

national retailer 

week x-1

Promotion with 

similar brand at 

national retailer 

week x

Promotion with 

similar brand at 

national retailer 

week x-1

Centered 

Promopressure

Marketshare 

brand at retailer 

in category PL 

Branded

LN_Liftfactor -.043 .107 -.142 .262 .428 -.032 .040 -.275 .226 .114 .081 .149 .335 -.290

Volumedisplay .078 -.044 -.116 -.115 .031 .052 .124 .013 .109 .139 .048 .168 .093 -.014

Display -.028 -.010 -.017 -.071 -.002 -.018 .002 .024 .019 .163 -.023 .143 .086 -.098

Regularsalesprice -.115 -.060 .108 .499 .033 .028 .022 -.417 -.136 -.255 -.056 -.176 -.379 .094

#Promotions product 

previous year

-.025 .182 .095 .090 .140 -.206 -.167 -.007 -.025 .019 -.083 .043 .511 .215

#Raindays -.044 .052 -.013 -.032 -.022 .024 .034 -.006 -.032 .081 .068 .028 .073 -.061

Centered Temperature .096 .034 .041 .004 .015 -.059 -.083 .005 -.163 -.138 -.189 -.076 .009 -.022

National holiday .032 -.048 .029 -.030 -.025 -.019 .013 .003 -.131 .005 -.021 .080 .041 -.024

Other special day .046 -.082 -.056 -.040 -.041 .040 .036 .056 .018 -.041 .035 .003 -.032 .059

Holiday period .091 .000 -.005 -.028 .017 .059 .064 .010 -.129 -.003 -.105 -.065 .042 .013

Summerholiday .038 .058 -.030 .031 .060 .019 .026 -.030 -.128 .002 -.071 -.042 .047 -.009

Sportsevent .067 .024 .017 .042 .046 .008 .042 -.043 -.029 -.001 -.125 .064 .083 .023

Saving campaign -.060 .077 -.100 -.121 -.129 .090 .087 .104 .064 .039 -.024 .187 -.087 -.034

Themeweek .000 .060 .020 -.020 .014 -.076 -.080 -.017 -.089 -.089 -.040 -.096 .034 .151

Volume 1.000 -.038 -.008 .123 .262 -.008 .045 -.081 -.128 -.084 -.050 -.155 -.058 .378

TVsupport -.038 1.000 .155 .057 .100 -.068 -.078 .018 .051 .010 -.120 .057 .213 -.113

Magazine -.008 .155 1.000 .075 .026 -.049 -.090 -.003 -.062 .067 -.186 -.062 -.031 -.002

Absolute discount .123 .057 .075 1.000 .868 -.076 -.099 -.895 .080 -.053 .012 -.069 .037 -.018

Relative price discount .262 .100 .026 .868 1.000 -.081 -.109 -.782 .168 .086 .039 .011 .247 -.087

Pshychological price Is odd -.008 -.068 -.049 -.076 -.081 1.000 .848 .028 .076 .075 .038 .072 -.191 .001

Psychological price Is 9 .045 -.078 -.090 -.099 -.109 .848 1.000 .041 .085 .045 .090 .079 -.176 .090

Difference sale price with 

national competitor

-.081 .018 -.003 -.895 -.782 .028 .041 1.000 -.143 .039 -.082 .059 .068 .049

Comparable promotion a 

tnational retailer week x

-.128 .051 -.062 .080 .168 .076 .085 -.143 1.000 .261 .357 .142 .148 -.240

Comparable promotion at 

national retailer week x-1

-.084 .010 .067 -.053 .086 .075 .045 .039 .261 1.000 .024 .586 .104 -.242

Promotion with similar brand 

at national retailer week x

-.050 -.120 -.186 .012 .039 .038 .090 -.082 .357 .024 1.000 .066 -.013 .036

Promotion with similar brand 

at national retailer week x-1

-.155 .057 -.062 -.069 .011 .072 .079 .059 .142 .586 .066 1.000 .124 -.116

Centered Promopressure -.058 .213 -.031 .037 .247 -.191 -.176 .068 .148 .104 -.013 .124 1.000 .017

Marketshare brand at retailer 

in category PL Branded

.378 -.113 -.002 -.018 -.087 .001 .090 .049 -.240 -.242 .036 -.116 .017 1.000

Marketshare brand at retailer 

in category Branded only

.431 -.120 .035 .055 -.066 -.043 .026 .009 -.294 -.293 .012 -.163 -.057 .910

Penetration of brand -.512 .086 .002 -.120 -.083 .015 -.038 .049 .198 .396 .033 .372 .036 -.335

Pearson 

Correlation

 



Page 104 
 

Marketshare 

brand at retailer 

in category 

Branded only

Penetration of 

brand

Volumesoldtoho

useholdingswit

hchildren

Promotion 

competitor 

brand at 

national retailer

Promotion PL at 

national retailer

Promotion 

competitor 

brand or PL at 

national retailer

LN # Products 

in promotion LG10_#MM

LG10 #Weeks 

since previous 

promotion at 

retailer with 

product

LG10 #Weeks 

comparable 

promotion at 

same retailer

LG10 #Weeks 

comparable 

promotion at 

national retailer LN Baseline

LN Previous lift 

factor

Centered LG10 

Min.shelflife at 

retailer dc

LN_Liftfactor -.292 .067 .053 -.039 -.063 -.089 -.249 -.134 -.118 -.060 -.167 -.224 .793 .290

Volumedisplay -.096 .081 .121 -.014 .055 .023 -.203 -.053 -.006 -.128 -.087 -.014 .347 .144

Display -.135 .103 .016 -.037 .057 -.002 -.124 -.062 -.095 -.118 -.151 .058 .236 .034

Regularsalesprice .215 -.133 -.285 -.039 .013 -.029 .213 -.050 -.031 .292 .266 -.106 -.194 -.308

#Promotions product 

previous year

.138 .038 -.104 .023 .010 .048 .046 .072 -.560 -.060 -.124 .266 .162 -.069

#Raindays -.035 .026 -.032 .057 -.138 -.046 .065 .735 .019 .079 -.107 .039 -.054 -.025

Centered Temperature -.037 .013 .110 .175 .078 .209 .025 -.045 -.020 .005 .186 -.006 -.067 .050

National holiday -.030 .034 .041 -.044 .027 .001 .012 .136 .074 -.030 .043 -.026 .035 .001

Other special day .040 -.030 .026 -.085 .008 -.058 -.054 .032 -.026 -.032 -.023 .023 -.006 .020

Holiday period -.010 -.063 .093 .041 .105 .131 -.080 .161 -.078 .033 .118 -.061 .030 .103

Summerholiday -.015 -.016 .033 .066 .102 .136 -.040 .106 -.089 .040 .113 -.042 .009 .042

Sportsevent .025 -.048 .050 -.012 .012 .022 -.033 .057 .051 .033 .001 .002 .045 .016

Saving campaign -.077 .052 -.042 .069 .012 .065 -.002 -.047 .101 -.058 .005 -.112 -.044 -.064

Themeweek .085 .014 .005 .127 .032 .094 -.019 -.034 -.074 -.016 .130 -.076 -.048 -.028

Volume .431 -.512 .862 .075 -.201 -.089 .008 .075 -.026 .045 .129 .164 -.070 .681

TVsupport -.120 .086 .000 -.009 .047 .030 .117 .000 -.151 -.084 -.182 .172 .046 .007

Magazine .035 .002 -.012 .027 .102 .065 .126 -.007 -.201 -.150 -.002 .303 -.148 -.078

Absolute discount .055 -.120 .031 .048 -.080 -.023 .273 -.015 -.120 .047 -.003 -.045 .190 .017

Relative price discount -.066 -.083 .247 .082 -.096 -.003 .212 .005 -.120 -.117 -.143 .015 .343 .234

Pshychological price Is odd -.043 .015 -.030 -.145 .217 .037 -.141 .073 .138 -.004 .109 -.280 -.002 -.040

Psychological price Is 9 .026 -.038 .002 -.192 .174 -.032 -.250 .068 .124 .032 .112 -.339 .043 .005

Difference sale price with 

national competitor

.009 .049 -.015 -.034 .049 .006 -.204 -.005 .044 .009 .011 .221 -.194 .036

Comparable promotion a 

tnational retailer week x

-.294 .198 -.091 -.052 .039 .023 -.061 -.088 .048 -.211 -.583 -.099 .188 -.104

Comparable promotion at 

national retailer week x-1

-.293 .396 -.011 .002 .126 .065 -.096 .081 .013 -.368 -.585 .100 .156 -.112

Promotion with similar brand 

at national retailer week x

.012 .033 -.065 -.097 .003 -.083 -.038 -.011 .078 .064 -.204 -.155 .021 -.042

Promotion with similar brand 

at national retailer week x-1

-.163 .372 -.095 -.090 .144 -.002 -.139 -.015 .001 -.209 -.280 .005 .126 -.113

Centered Promopressure -.057 .036 -.002 .017 -.074 -.014 -.004 .092 -.235 -.141 -.248 .190 .346 .194

Marketshare brand at retailer 

in category PL Branded

.910 -.335 .218 -.005 -.079 -.066 -.009 .023 -.166 .233 .340 .081 -.325 .115

Marketshare brand at retailer 

in category Branded only

1.000 -.419 .249 .003 -.171 -.129 .069 .039 -.133 .324 .381 .171 -.327 .215

Penetration of brand -.419 1.000 -.359 .009 .231 .168 -.025 -.012 -.010 -.411 -.388 -.006 .098 -.554

Pearson 

Correlation
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LG10 Growth 

selling stores

LG10 Purchase 

frequency of 

product

Brand 

Boerenland Brand Campina

Brand 

Chocomel Brand Coolbest

Brand 

DubbelFrisss Brand Fristi Brand Mona Retailer COOP Retailer EMTE

Retailer 

Hoogvliet Retailer Plus

LN_Liftfactor .150 -.506 -.098 -.181 .029 -.125 .371 -.025 .389 -.080 .099 .064 .183

Volumedisplay -.125 .051 .034 -.020 .076 -.235 .197 -.031 .053 -.027 .004 .274 .050

Display -.040 -.024 .035 -.023 .026 -.191 .081 -.015 .094 .041 -.226 .137 .105

Regularsalesprice .201 -.005 .000 .134 -.076 .498 -.469 .019 -.114 .020 .035 -.092 -.044

#Promotions product 

previous year

-.093 .009 -.125 -.260 -.070 -.085 .006 -.131 .142 -.096 -.255 -.120 .141

#Raindays -.075 -.020 -.034 -.011 -.017 -.019 -.017 .024 .048 -.064 -.070 .034 -.021

Centered Temperature -.030 .018 .001 .057 -.051 -.056 .113 .019 -.057 .069 .003 .012 -.037

National holiday -.051 -.037 -.004 .012 -.068 -.032 .067 -.025 .007 -.001 -.034 .080 -.042

Other special day .048 .031 .029 .009 .017 .020 -.002 -.019 -.057 .024 .037 -.020 -.106

Holiday period -.021 .006 -.017 -.064 -.018 -.004 .132 .018 -.024 .043 -.029 .067 .026

Summerholiday -.013 -.013 -.036 -.046 -.045 -.001 .094 -.043 .011 .001 -.008 .015 .085

Sportsevent -.045 .015 .020 -.018 -.076 .028 .058 .020 -.037 -.034 .045 .019 -.017

Saving campaign -.002 .050 .059 .092 .013 -.082 -.075 .062 .013 .025 .225 .053 -.128

Themeweek .016 .075 -.011 .020 .010 -.031 -.034 .012 -.030 -.060 .077 .090 .015

Volume -.114 .238 .033 .083 .059 .151 .681 .040 -.786 .132 .080 -.025 -.184

TVsupport -.043 -.107 -.012 -.046 -.040 -.140 .089 -.028 .119 -.141 -.086 -.206 .204

Magazine -.065 .113 .070 .018 .032 -.040 -.097 -.019 -.101 -.097 -.084 -.141 -.122

Absolute discount .024 -.224 -.022 -.025 -.158 .225 .084 -.106 -.066 -.139 .055 -.036 -.067

Relative price discount -.090 -.263 -.025 -.096 -.155 -.018 .417 -.129 -.040 -.143 .066 -.012 -.067

Pshychological price Is odd .074 .008 .007 .022 -.034 .027 -.025 -.018 .002 .107 .179 .137 .008

Psychological price Is 9 .088 .018 -.005 -.003 -.017 .069 -.002 -.015 -.032 .107 .185 .173 .074

Difference sale price with 

national competitor

-.018 .211 .013 -.054 .161 -.185 -.039 .089 .060 .213 -.015 -.270 .114

Comparable promotion a 

tnational retailer week x

-.094 -.147 .037 -.014 -.150 -.210 .081 -.087 .217 -.178 .114 .152 -.022

Comparable promotion at 

national retailer week x-1

-.111 -.117 .047 .142 -.130 -.470 .119 -.048 .198 -.095 .003 -.058 .101

Promotion with similar brand 

at national retailer week x

-.017 -.011 -.049 -.039 .001 .015 -.035 -.062 .059 -.051 .146 .178 -.076

Promotion with similar brand 

at national retailer week x-1

-.047 -.101 -.075 .117 .011 -.350 -.012 -.070 .230 -.031 .048 -.036 .089

Centered Promopressure -.154 -.261 -.198 -.455 -.012 -.230 .339 -.136 .372 -.131 -.058 -.248 .214

Marketshare brand at retailer 

in category PL Branded

-.040 .469 -.139 -.040 .237 .288 -.140 -.072 -.576 .006 .071 .067 -.116

Marketshare brand at retailer 

in category Branded only

-.035 .421 -.155 .062 .334 .480 -.127 -.084 -.620 .033 .070 -.052 -.128

Penetration of brand .006 -.279 -.266 .538 -.167 -.622 -.260 -.214 .512 -.148 -.094 .019 .176

Pearson 

Correlation
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Category Dairy 

Drinks Ambient

Category Juices 

Cooled

Category Juices 

Ambient Season Winter

Season 

Summer Season Autumn AoF Ambient SizeL Small SizeL Large SizeL Page PlaceL Front PlaceL Back PromoM 2for PromoM 2plus1

LN_Liftfactor .030 -.125 .371 .100 .048 -.099 .343 -.124 -.009 .181 .296 .196 -.167 .075

Volumedisplay .055 -.235 .197 .052 .070 -.111 .204 -.108 .026 -.040 .181 .126 -.141 .031

Display .022 -.191 .081 .047 -.006 -.043 .083 -.186 .003 .031 .077 .065 -.083 -.010

Regularsalesprice -.064 .498 -.469 -.101 -.019 .099 -.448 .213 -.031 -.116 -.237 -.164 .341 -.181

#Promotions product 

previous year

-.122 -.085 .006 .016 -.041 -.012 -.064 -.243 .164 .156 .044 -.009 -.002 .000

#Raindays -.004 -.019 -.017 .104 -.231 .149 -.017 -.070 -.070 .125 .003 .036 .003 .076

Centered Temperature -.050 -.056 .113 -.448 .686 -.400 .071 -.014 .015 .008 .078 -.182 -.054 -.102

National holiday -.075 -.032 .067 -.061 -.207 -.241 .016 -.008 -.061 -.077 -.062 -.017 -.012 .000

Other special day .023 .020 -.002 -.105 -.156 .047 .011 .103 -.001 -.116 -.036 -.074 .004 -.048

Holiday period -.018 -.004 .132 -.099 .584 -.278 .106 -.051 .005 .055 .109 -.078 .034 .021

Summerholiday -.062 -.001 .094 -.242 .817 -.417 .047 -.010 .085 .051 .104 -.102 -.041 -.067

Sportsevent -.066 .028 .058 .122 .198 -.269 .013 -.012 -.036 .059 -.032 -.018 -.035 -.071

Saving campaign .040 -.082 -.075 -.242 -.193 .382 -.043 .205 -.107 .017 .002 -.066 .043 -.037

Themeweek .008 -.031 -.034 -.061 .281 -.094 -.025 -.036 .042 -.101 .072 .051 -.131 -.013

Volume .071 .151 .681 -.057 .081 -.052 .638 .026 .164 -.060 .130 .070 .077 .230

TVsupport -.050 -.140 .089 -.051 .040 .026 .050 -.128 -.076 .508 .310 .025 -.153 -.013

Magazine .020 -.040 -.097 -.056 .000 -.077 -.074 -.104 .051 .031 -.106 -.076 -.053 -.049

Absolute discount -.184 .225 .084 .002 .055 -.045 -.032 -.075 .076 .044 .137 .040 -.022 .065

Relative price discount -.190 -.018 .417 .038 .083 -.096 .257 -.185 .094 .120 .312 .136 -.209 .192

Pshychological price Is odd -.042 .027 -.025 -.074 -.026 .054 -.046 .215 -.109 -.124 .034 -.038 .111 -.226

Psychological price Is 9 -.024 .069 -.002 -.022 -.029 .015 -.016 .234 -.082 -.114 -.021 .014 .182 -.192

Difference sale price with 

national competitor

.183 -.185 -.039 -.040 -.055 .069 .070 .095 -.007 .031 -.173 -.087 .057 -.053

Comparable promotion a 

tnational retailer week x

-.175 -.210 .081 .062 -.149 .094 -.029 -.033 -.024 .027 .153 .071 -.235 .113

Comparable promotion at 

national retailer week x-1

-.131 -.470 .119 .002 -.050 -.018 .029 -.136 .066 .074 -.047 .048 -.246 .026

Promotion with similar brand 

at national retailer week x

-.029 .015 -.035 .066 -.140 .114 -.047 .025 .003 -.061 .033 .127 -.069 .147

Promotion with similar brand 

at national retailer week x-1

-.012 -.350 -.012 .005 -.058 -.022 -.017 -.044 -.025 .126 .054 .068 -.119 .037

Centered Promopressure -.089 -.230 .339 .103 -.011 -.103 .247 -.286 .130 .321 .161 .098 -.158 .090

Marketshare brand at retailer 

in category PL Branded

.179 .288 -.140 -.032 .013 .046 -.021 .090 .185 -.219 -.042 -.141 .273 -.016

Marketshare brand at retailer 

in category Branded only

.261 .480 -.127 -.041 -.016 .075 .038 .117 .212 -.198 -.091 -.145 .368 -.023

Penetration of brand -.230 -.622 -.260 .043 -.020 -.034 -.360 -.096 -.150 .109 .009 .018 -.367 -.093
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PromoM 

2ndhalfprice

PromoM 

Multibuy

Inter COOP 

Volumedisplay

Inter EMTE 

Volumedisplay

Inter EMTE 

Promopr 

Meancenter

Inter Autumn 

Mona

Inter Winter 

Mona

Inter Summer 

Mona

Inter Autumn 

Chocomel

Inter Winter 

Chocomel

Inter Summer 

Chocomel

Inter Autumn 

Campina

Inter Winter 

Campina

Inter Autumn 

DubbelFrisss

LN_Liftfactor -.253 .310 .008 .179 .137 .184 .171 .195 .067 -.011 -.020 -.123 -.002 .127

Volumedisplay -.201 .209 .188 .239 .177 .053 .009 .028 .045 .041 .036 -.038 .017 .031

Display -.160 .087 .093 .078 .272 .041 .047 .045 .013 .025 -.003 -.015 -.040 .039

Regularsalesprice .061 -.375 -.074 -.055 -.152 -.068 -.065 -.034 -.022 -.090 -.040 .104 -.001 -.219

#Promotions product 

previous year

-.059 -.061 -.061 -.184 .150 .056 .088 -.001 -.044 -.039 -.031 -.119 -.086 .026

#Raindays -.043 .041 -.036 -.108 -.032 .088 .094 -.091 .049 -.030 -.046 .008 .102 .024

Centered Temperature .100 .081 .094 .016 .058 -.144 -.269 .258 -.098 -.083 .113 -.060 -.095 -.051

National holiday .055 .027 .034 -.036 .005 -.101 -.079 -.087 -.047 -.027 -.031 -.062 .002 -.053

Other special day -.005 -.037 .012 -.025 -.046 -.015 -.059 -.066 .013 -.020 -.023 -.046 -.022 -.040

Holiday period -.126 .119 .072 -.023 .033 -.136 -.117 .315 -.008 -.061 .070 -.080 -.046 -.067

Summerholiday -.073 .123 .032 .008 .053 -.175 -.137 .422 -.082 -.047 .103 -.106 -.050 -.091

Sportsevent .043 .068 .007 .022 -.030 -.113 .003 .060 -.053 -.030 -.034 -.069 .038 -.059

Saving campaign .073 -.040 .022 .193 -.057 .159 -.096 -.103 .078 -.039 -.042 .103 -.035 .079

Themeweek -.092 -.031 -.067 .016 -.028 -.048 .071 .011 -.046 .004 .076 -.006 .000 -.034

Volume .004 .467 .148 .053 .140 -.418 -.337 -.368 .037 .023 .026 .053 .024 .290

TVsupport .153 .095 -.114 -.045 .048 .160 .028 -.020 -.001 -.031 -.034 -.069 -.032 .010

Magazine .159 -.085 -.078 -.066 .012 -.078 .020 -.067 .082 -.021 -.024 -.047 -.022 -.041

Absolute discount .013 .082 -.108 .054 .062 -.046 -.024 .007 -.060 -.137 -.066 -.032 -.007 .036

Relative price discount -.013 .348 -.054 .109 .168 -.021 -.011 .015 -.051 -.135 -.060 -.081 -.017 .189

Pshychological price Is odd -.074 .077 .135 .110 -.096 -.014 .024 .004 .001 -.096 -.043 .077 -.058 -.022

Psychological price Is 9 -.222 .135 .142 .128 -.105 -.072 .033 -.021 .015 -.082 -.027 .037 -.042 .001

Difference sale price with 

national competitor

.051 -.096 .171 -.013 -.039 .032 .030 -.004 .074 .140 .062 .017 -.072 -.003

Comparable promotion a 

tnational retailer week x

.025 .029 -.074 .108 .007 .146 .066 .064 -.102 -.012 -.132 .032 .068 -.016

Comparable promotion at 

national retailer week x-1

.040 .061 -.013 .114 .090 .075 .054 .158 -.078 -.068 -.097 .082 .032 -.011

Promotion with similar brand 

at national retailer week x

.038 .012 -.049 .101 -.031 .103 .028 -.093 .022 .037 -.076 -.087 .091 .039

Promotion with similar brand 

at national retailer week x-1

-.023 .015 .004 .136 .016 .137 .065 .089 .046 -.025 -.045 .068 -.060 .013

Centered Promopressure .037 .193 -.005 .059 .356 .195 .196 .111 -.002 -.014 -.026 -.254 -.176 .122

Marketshare brand at retailer 

in category PL Branded

-.064 -.031 -.014 -.005 .026 -.315 -.237 -.269 .163 .105 .097 -.062 .023 -.067

Marketshare brand at retailer 

in category Branded only

-.049 -.026 .005 -.034 -.009 -.333 -.255 -.298 .232 .156 .129 .000 .059 -.061

Penetration of brand .011 -.170 -.108 -.014 -.040 .267 .221 .235 -.116 -.067 -.076 .334 .165 -.105

Pearson 
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Inter 

Themeweek 

COOP

Inter Mulibuy 

Centeredshelf

Inter Mona 

EMTE Inter MonaPlus

Inter 

DubbelFrisss 

CenteredTempe

rature

Inter Chocomel 

Centered 

Temperature

Inter Mona 

Centered 

Temperature

Inter Fristi 

Centered 

Temperature

LN_Liftfactor .025 .348 .202 .245 .109 -.091 -.026 -.042

Volumedisplay -.042 .192 .103 -.015 .032 -.038 .015 -.045

Display .017 .073 .043 .062 .031 -.032 .001 -.030

Regularsalesprice -.022 -.308 .005 -.049 -.079 .029 .053 -.012

#Promotions product 

previous year

-.039 -.039 -.160 .222 .008 .031 -.058 -.055

#Raindays -.053 .024 -.073 .021 -.112 -.050 -.248 -.030

Centered Temperature .075 .048 .024 -.010 .363 .220 .506 .057

National holiday -.043 -.044 -.047 -.036 -.013 .015 .059 -.008

Other special day -.032 -.050 -.035 -.079 .015 -.036 .004 -.006

Holiday period -.022 .123 .011 .010 .126 .136 .257 .016

Summerholiday .009 .111 -.016 .093 .266 .131 .312 -.015

Sportsevent -.048 .079 .035 -.029 .091 .017 .068 .039

Saving campaign -.107 -.065 .137 -.095 -.046 -.057 .051 .008

Themeweek .282 -.061 -.038 .025 .052 .084 -.004 .022

Volume .025 .523 -.183 -.446 .181 -.010 .072 .006

TVsupport -.048 .117 -.052 .196 .093 -.032 -.141 -.009

Magazine -.033 -.074 -.036 -.081 -.026 -.094 .002 -.006

Absolute discount .008 .114 .064 -.050 .069 .006 -.008 .019

Relative price discount .004 .365 .069 -.061 .145 -.009 -.036 .008

Pshychological price Is odd -.153 .110 .135 -.075 .030 .017 -.072 -.047

Psychological price Is 9 -.129 .160 .132 -.043 .028 .008 -.069 -.047

Difference sale price with 

national competitor

.018 -.069 -.041 .082 -.031 -.027 .011 .002

Comparable promotion a 

tnational retailer week x

-.186 .044 .054 .072 .018 -.048 -.045 -.080

Comparable promotion at 

national retailer week x-1

-.052 .040 .085 .056 -.004 -.009 -.054 -.045

Promotion with similar brand 

at national retailer week x

.027 -.043 -.003 -.055 -.069 -.106 -.128 -.021

Promotion with similar brand 

at national retailer week x-1

-.062 -.038 .132 .046 -.010 -.083 -.068 -.015

Centered Promopressure -.049 .227 -.055 .274 .116 .008 -.081 -.069

Marketshare brand at retailer 

in category PL Branded

.005 -.070 -.160 -.298 -.021 -.061 .046 -.027

Marketshare brand at retailer 

in category Branded only

-.010 -.043 -.183 -.341 -.013 -.098 .040 -.031

Penetration of brand -.059 -.239 .114 .294 -.066 .036 -.047 -.077
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LN Liftfactor Volumedisplay Display

Regular 

salesprice

#Promotions 

product 

previous year #Raindays

Centered 

Temperature National holiday

Other special 

day Holiday period Summerholiday Sports event

Saving 

campaign Themeweek

Volume sold to 

householdings with 

.053 .121 .016 -.285 -.104 -.032 .110 .041 .026 .093 .033 .050 -.042 .005

Promotion competitor brand 

at national retailer

-.039 -.014 -.037 -.039 .023 .057 .175 -.044 -.085 .041 .066 -.012 .069 .127

Promotion PL at national 

retailer

-.063 .055 .057 .013 .010 -.138 .078 .027 .008 .105 .102 .012 .012 .032

Promotion competitor brand 

or PL at national retailer

-.089 .023 -.002 -.029 .048 -.046 .209 .001 -.058 .131 .136 .022 .065 .094

LN #Productsinpromotion -.249 -.203 -.124 .213 .046 .065 .025 .012 -.054 -.080 -.040 -.033 -.002 -.019

LG10 #MM -.134 -.053 -.062 -.050 .072 .735 -.045 .136 .032 .161 .106 .057 -.047 -.034

LG10 #Weeks since 

previous promotion at 

retailer with product

-.118 -.006 -.095 -.031 -.560 .019 -.020 .074 -.026 -.078 -.089 .051 .101 -.074

LG10 #Weeks comparable 

promotion at same retailer

-.060 -.128 -.118 .292 -.060 .079 .005 -.030 -.032 .033 .040 .033 -.058 -.016

LG10 #Weeks comparable 

promotion at national 

retailer

-.167 -.087 -.151 .266 -.124 -.107 .186 .043 -.023 .118 .113 .001 .005 .130

LN Baseline -.224 -.014 .058 -.106 .266 .039 -.006 -.026 .023 -.061 -.042 .002 -.112 -.076

LN Previousliftfactor .793 .347 .236 -.194 .162 -.054 -.067 .035 -.006 .030 .009 .045 -.044 -.048

Centered LG10 Min.shelflife 

at retailer dc

.290 .144 .034 -.308 -.069 -.025 .050 .001 .020 .103 .042 .016 -.064 -.028

LG10 Growth sellingstores .150 -.125 -.040 .201 -.093 -.075 -.030 -.051 .048 -.021 -.013 -.045 -.002 .016

LG10 Purchase frequency 

of product

-.506 .051 -.024 -.005 .009 -.020 .018 -.037 .031 .006 -.013 .015 .050 .075

Brand Boerenland -.098 .034 .035 .000 -.125 -.034 .001 -.004 .029 -.017 -.036 .020 .059 -.011

Brand Campina -.181 -.020 -.023 .134 -.260 -.011 .057 .012 .009 -.064 -.046 -.018 .092 .020

Brand Chocomel .029 .076 .026 -.076 -.070 -.017 -.051 -.068 .017 -.018 -.045 -.076 .013 .010

Brand Coolbest -.125 -.235 -.191 .498 -.085 -.019 -.056 -.032 .020 -.004 -.001 .028 -.082 -.031

Brand DubbelFrisss .371 .197 .081 -.469 .006 -.017 .113 .067 -.002 .132 .094 .058 -.075 -.034

Brand Fristi -.025 -.031 -.015 .019 -.131 .024 .019 -.025 -.019 .018 -.043 .020 .062 .012

Brand Mona .389 .053 .094 -.114 .142 .048 -.057 .007 -.057 -.024 .011 -.037 .013 -.030

Retailer COOP -.080 -.027 .041 .020 -.096 -.064 .069 -.001 .024 .043 .001 -.034 .025 -.060

RetailerEMTE .099 .004 -.226 .035 -.255 -.070 .003 -.034 .037 -.029 -.008 .045 .225 .077

Retailer Hoogvliet .064 .274 .137 -.092 -.120 .034 .012 .080 -.020 .067 .015 .019 .053 .090

Retailer Plus .183 .050 .105 -.044 .141 -.021 -.037 -.042 -.106 .026 .085 -.017 -.128 .015

Category Dairy Drinks Fresh -.320 .016 .016 -.079 .328 -.021 -.019 .008 .070 -.003 -.018 .044 .001 .109

Category Dairy Drinks 

Ambient

.030 .055 .022 -.064 -.122 -.004 -.050 -.075 .023 -.018 -.062 -.066 .040 .008

Category Juices Cooled -.125 -.235 -.191 .498 -.085 -.019 -.056 -.032 .020 -.004 -.001 .028 -.082 -.031

Category Juices Ambient .371 .197 .081 -.469 .006 -.017 .113 .067 -.002 .132 .094 .058 -.075 -.034

Season Winter .100 .052 .047 -.101 .016 .104 -.448 -.061 -.105 -.099 -.242 .122 -.242 -.061

Season Summer .048 .070 -.006 -.019 -.041 -.231 .686 -.207 -.156 .584 .817 .198 -.193 .281

Season Autumn -.099 -.111 -.043 .099 -.012 .149 -.400 -.241 .047 -.278 -.417 -.269 .382 -.094
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Volume TV support Magazine

Absolute 

discount

Relative price 

discount

Pshychological 

price Is odd

Psychological 

price Is 9

Difference sales 

price with 

national 

competitor

Comparabl 

epromotion at 

national retailer 

week x

Comparable 

promotion at 

national retailer 

week x-1

Promotion with 

similar brand at 

national retailer 

week x

Promotion with 

similar brand at 

national retailer 

week x-1

Centered 

Promopressure

Marketshare 

brand at retailer 

in category PL 

Branded

Volume sold to 

householdings with children

.862 .000 -.012 .031 .247 -.030 .002 -.015 -.091 -.011 -.065 -.095 -.002 .218

Promotion competitor brand 

at national retailer

.075 -.009 .027 .048 .082 -.145 -.192 -.034 -.052 .002 -.097 -.090 .017 -.005

Promotion PL at national 

retailer

-.201 .047 .102 -.080 -.096 .217 .174 .049 .039 .126 .003 .144 -.074 -.079

Promotion competitor brand 

or PL at national retailer

-.089 .030 .065 -.023 -.003 .037 -.032 .006 .023 .065 -.083 -.002 -.014 -.066

LN #Productsinpromotion .008 .117 .126 .273 .212 -.141 -.250 -.204 -.061 -.096 -.038 -.139 -.004 -.009

LG10 #MM .075 .000 -.007 -.015 .005 .073 .068 -.005 -.088 .081 -.011 -.015 .092 .023

LG10 #Weeks since previous 

promotion at retailer with 

product

-.026 -.151 -.201 -.120 -.120 .138 .124 .044 .048 .013 .078 .001 -.235 -.166

LG10 #Weeks comparable 

promotion at same retailer

.045 -.084 -.150 .047 -.117 -.004 .032 .009 -.211 -.368 .064 -.209 -.141 .233

LG10 #Weeks comparable 

promotion at national retailer

.129 -.182 -.002 -.003 -.143 .109 .112 .011 -.583 -.585 -.204 -.280 -.248 .340

LN Baseline .164 .172 .303 -.045 .015 -.280 -.339 .221 -.099 .100 -.155 .005 .190 .081

LN Previousliftfactor -.070 .046 -.148 .190 .343 -.002 .043 -.194 .188 .156 .021 .126 .346 -.325

Centered LG10 Min.shelflife 

at retailer dc

.681 .007 -.078 .017 .234 -.040 .005 .036 -.104 -.112 -.042 -.113 .194 .115

LG10 Growth sellingstores -.114 -.043 -.065 .024 -.090 .074 .088 -.018 -.094 -.111 -.017 -.047 -.154 -.040

LG10 Purchase frequency of 

product

.238 -.107 .113 -.224 -.263 .008 .018 .211 -.147 -.117 -.011 -.101 -.261 .469

Brand Boerenland .033 -.012 .070 -.022 -.025 .007 -.005 .013 .037 .047 -.049 -.075 -.198 -.139

Brand Campina .083 -.046 .018 -.025 -.096 .022 -.003 -.054 -.014 .142 -.039 .117 -.455 -.040

Brand Chocomel .059 -.040 .032 -.158 -.155 -.034 -.017 .161 -.150 -.130 .001 .011 -.012 .237

Brand Coolbest .151 -.140 -.040 .225 -.018 .027 .069 -.185 -.210 -.470 .015 -.350 -.230 .288

Brand DubbelFrisss .681 .089 -.097 .084 .417 -.025 -.002 -.039 .081 .119 -.035 -.012 .339 -.140

Brand Fristi .040 -.028 -.019 -.106 -.129 -.018 -.015 .089 -.087 -.048 -.062 -.070 -.136 -.072

Brand Mona -.786 .119 -.101 -.066 -.040 .002 -.032 .060 .217 .198 .059 .230 .372 -.576

Retailer COOP .132 -.141 -.097 -.139 -.143 .107 .107 .213 -.178 -.095 -.051 -.031 -.131 .006

RetailerEMTE .080 -.086 -.084 .055 .066 .179 .185 -.015 .114 .003 .146 .048 -.058 .071

Retailer Hoogvliet -.025 -.206 -.141 -.036 -.012 .137 .173 -.270 .152 -.058 .178 -.036 -.248 .067

Retailer Plus -.184 .204 -.122 -.067 -.067 .008 .074 .114 -.022 .101 -.076 .089 .214 -.116

Category Dairy Drinks Fresh .117 -.033 .012 -.125 -.117 .024 .057 .158 -.091 .044 .051 .080 .145 .683

Category Dairy Drinks 

Ambient

.071 -.050 .020 -.184 -.190 -.042 -.024 .183 -.175 -.131 -.029 -.012 -.089 .179

Category Juices Cooled .151 -.140 -.040 .225 -.018 .027 .069 -.185 -.210 -.470 .015 -.350 -.230 .288

Category Juices Ambient .681 .089 -.097 .084 .417 -.025 -.002 -.039 .081 .119 -.035 -.012 .339 -.140

Season Winter -.057 -.051 -.056 .002 .038 -.074 -.022 -.040 .062 .002 .066 .005 .103 -.032

Season Summer .081 .040 .000 .055 .083 -.026 -.029 -.055 -.149 -.050 -.140 -.058 -.011 .013

Season Autumn -.052 .026 -.077 -.045 -.096 .054 .015 .069 .094 -.018 .114 -.022 -.103 .046
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Marketshare 

brand at retailer 

in category 

Branded only

Penetration of 

brand

Volumesoldtoho

useholdingswit

hchildren

Promotion 

competitor 

brand at 

national retailer

Promotion PL at 

national retailer

Promotion 

competitor 

brand or PL at 

national retailer

LN # Products 

in promotion LG10_#MM

LG10 #Weeks 

since previous 

promotion at 

retailer with 

product

LG10 #Weeks 

comparable 

promotion at 

same retailer

LG10 #Weeks 

comparable 

promotion at 

national retailer LN Baseline

LN Previous lift 

factor

Centered LG10 

Min.shelflife at 

retailer dc

Volume sold to 

householdings with children

.249 -.359 1.000 .097 -.185 -.059 -.025 .070 .039 -.099 .039 .142 .036 .786

Promotion competitor brand 

at national retailer

.003 .009 .097 1.000 -.185 .701 .161 .241 .078 -.007 .035 .033 -.055 .057

Promotion PL at national 

retailer

-.171 .231 -.185 -.185 1.000 .500 -.077 -.024 -.042 -.119 -.024 -.062 -.045 -.276

Promotion competitor brand 

or PL at national retailer

-.129 .168 -.059 .701 .500 1.000 .108 .167 .030 -.095 .006 -.031 -.062 -.148

LN #Productsinpromotion .069 -.025 -.025 .161 -.077 .108 1.000 .079 .025 .007 .037 .230 -.148 -.126

LG10 #MM .039 -.012 .070 .241 -.024 .167 .079 1.000 .018 .032 .020 .076 -.102 .020

LG10 #Weeks since previous 

promotion at retailer with 

product

-.133 -.010 .039 .078 -.042 .030 .025 .018 1.000 .082 .023 -.172 -.075 .011

LG10 #Weeks comparable 

promotion at same retailer

.324 -.411 -.099 -.007 -.119 -.095 .007 .032 .082 1.000 .349 -.114 -.094 .076

LG10 #Weeks comparable 

promotion at national retailer

.381 -.388 .039 .035 -.024 .006 .037 .020 .023 .349 1.000 -.204 -.183 .112

LN Baseline .171 -.006 .142 .033 -.062 -.031 .230 .076 -.172 -.114 -.204 1.000 -.209 .074

LN Previousliftfactor -.327 .098 .036 -.055 -.045 -.062 -.148 -.102 -.075 -.094 -.183 -.209 1.000 .250

Centered LG10 Min.shelflife 

at retailer dc

.215 -.554 .786 .057 -.276 -.148 -.126 .020 .011 .076 .112 .074 .250 1.000

LG10 Growth sellingstores -.035 .006 -.119 -.034 .054 .006 -.176 -.092 .002 .105 .139 -.459 .100 -.078

LG10 Purchase frequency of 

product

.421 -.279 .090 -.029 .045 -.005 .045 .038 .021 .110 .179 .356 -.528 -.066

Brand Boerenland -.155 -.266 -.157 -.061 .026 -.028 -.239 -.021 .113 -.060 -.055 .094 -.094 -.098

Brand Campina .062 .538 .111 .065 .017 .059 .010 .031 .124 -.188 -.079 .050 -.164 -.229

Brand Chocomel .334 -.167 .140 -.038 -.111 -.111 -.168 -.037 -.012 .118 .148 .102 -.013 .485

Brand Coolbest .480 -.622 -.099 -.009 -.203 -.146 .197 -.011 .013 .555 .474 -.148 -.148 .060

Brand DubbelFrisss -.127 -.260 .774 .119 -.179 -.026 -.087 .060 .020 -.181 -.146 .069 .363 .752

Brand Fristi -.084 -.214 .238 -.057 -.041 -.081 -.020 -.033 .089 .053 .058 -.041 -.012 .176

Brand Mona -.620 .512 -.697 -.050 .125 .064 -.080 -.077 -.026 -.121 -.267 -.180 .412 -.387

Retailer COOP .033 -.148 .119 -.013 .056 .012 -.093 -.045 .013 .122 .240 -.168 -.077 .161

RetailerEMTE .070 -.094 .045 .032 .045 .019 -.093 -.040 .199 .195 .139 -.154 .090 .051

Retailer Hoogvliet -.052 .019 -.011 -.015 .060 .064 -.066 .037 .098 -.107 .084 -.459 .033 -.058

Retailer Plus -.128 .176 -.166 -.044 -.065 -.073 -.207 -.076 -.059 .020 -.183 -.082 .191 -.104

Category Dairy Drinks Fresh .444 .020 .019 -.061 .174 .060 -.033 .040 -.193 -.050 .027 .129 -.321 -.250

Category Dairy Drinks 

Ambient

.261 -.230 .214 -.063 -.121 -.141 -.179 -.047 .008 .125 .162 .072 -.011 .527

Category Juices Cooled .480 -.622 -.099 -.009 -.203 -.146 .197 -.011 .013 .555 .474 -.148 -.148 .060

Category Juices Ambient -.127 -.260 .774 .119 -.179 -.026 -.087 .060 .020 -.181 -.146 .069 .363 .752

Season Winter -.041 .043 -.035 -.035 -.145 -.120 -.010 -.042 .082 -.071 -.109 .004 .123 -.007

Season Summer -.016 -.020 .086 .069 .061 .074 -.058 -.034 -.058 .026 .208 -.058 .001 .058

Season Autumn .075 -.034 -.083 -.036 -.031 -.007 .100 -.030 -.041 .115 -.069 .000 -.104 -.046
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LG10 Growth 

selling stores

LG10 Purchase 

frequency of 

product

Brand 

Boerenland Brand Campina

Brand 

Chocomel Brand Coolbest

Brand 

DubbelFrisss Brand Fristi Brand Mona Retailer COOP Retailer EMTE

Retailer 

Hoogvliet Retailer Plus

Category Dairy 

Drinks Fresh

Volume sold to 

householdings with children

-.119 .090 -.157 .111 .140 -.099 .774 .238 -.697 .119 .045 -.011 -.166 .019

Promotion competitor brand 

at national retailer

-.034 -.029 -.061 .065 -.038 -.009 .119 -.057 -.050 -.013 .032 -.015 -.044 -.061

Promotion PL at national 

retailer

.054 .045 .026 .017 -.111 -.203 -.179 -.041 .125 .056 .045 .060 -.065 .174

Promotion competitor brand 

or PL at national retailer

.006 -.005 -.028 .059 -.111 -.146 -.026 -.081 .064 .012 .019 .064 -.073 .060

LN #Productsinpromotion -.176 .045 -.239 .010 -.168 .197 -.087 -.020 -.080 -.093 -.093 -.066 -.207 -.033

LG10 #MM -.092 .038 -.021 .031 -.037 -.011 .060 -.033 -.077 -.045 -.040 .037 -.076 .040

LG10 #Weeks since previous 

promotion at retailer with 

product

.002 .021 .113 .124 -.012 .013 .020 .089 -.026 .013 .199 .098 -.059 -.193

LG10 #Weeks comparable 

promotion at same retailer

.105 .110 -.060 -.188 .118 .555 -.181 .053 -.121 .122 .195 -.107 .020 -.050

LG10 #Weeks comparable 

promotion at national retailer

.139 .179 -.055 -.079 .148 .474 -.146 .058 -.267 .240 .139 .084 -.183 .027

LN Baseline -.459 .356 .094 .050 .102 -.148 .069 -.041 -.180 -.168 -.154 -.459 -.082 .129

LN Previousliftfactor .100 -.528 -.094 -.164 -.013 -.148 .363 -.012 .412 -.077 .090 .033 .191 -.321

Centered LG10 Min.shelflife 

at retailer dc

-.078 -.066 -.098 -.229 .485 .060 .752 .176 -.387 .161 .051 -.058 -.104 -.250

LG10 Growth sellingstores 1.000 -.243 -.027 .006 -.030 .110 -.132 .020 .067 .342 -.046 -.159 .173 -.001

LG10 Purchase frequency of 

product

-.243 1.000 .237 -.023 .177 .069 -.254 .037 -.517 .000 .044 .065 -.172 .449

Brand Boerenland -.027 .237 1.000 -.038 -.027 -.049 -.050 -.010 -.074 -.050 -.043 .047 -.007 -.064

Brand Campina .006 -.023 -.038 1.000 -.067 -.123 -.124 -.025 -.186 -.071 -.050 .101 -.036 -.160

Brand Chocomel -.030 .177 -.027 -.067 1.000 -.087 -.088 -.017 -.131 .045 -.040 .016 -.054 -.113

Brand Coolbest .110 .069 -.049 -.123 -.087 1.000 -.160 -.032 -.240 .090 .100 .019 -.112 -.206

Brand DubbelFrisss -.132 -.254 -.050 -.124 -.088 -.160 1.000 -.032 -.242 .109 .060 -.080 -.032 -.208

Brand Fristi .020 .037 -.010 -.025 -.017 -.032 -.032 1.000 -.048 .040 -.028 .022 -.041 -.041

Brand Mona .067 -.517 -.074 -.186 -.131 -.240 -.242 -.048 1.000 -.086 -.053 -.055 .265 -.311

Retailer COOP .342 .000 -.050 -.071 .045 .090 .109 .040 -.086 1.000 -.141 -.236 -.204 .019

RetailerEMTE -.046 .044 -.043 -.050 -.040 .100 .060 -.028 -.053 -.141 1.000 -.206 -.178 .005

Retailer Hoogvliet -.159 .065 .047 .101 .016 .019 -.080 .022 -.055 -.236 -.206 1.000 -.299 -.042

Retailer Plus .173 -.172 -.007 -.036 -.054 -.112 -.032 -.041 .265 -.204 -.178 -.299 1.000 .013

Category Dairy Drinks Fresh -.001 .449 -.064 -.160 -.113 -.206 -.208 -.041 -.311 .019 .005 -.042 .013 1.000

Category Dairy Drinks 

Ambient

.018 .162 -.030 -.074 .911 -.095 -.096 .335 -.143 .061 -.050 .016 -.069 -.123

Category Juices Cooled .110 .069 -.049 -.123 -.087 1.000 -.160 -.032 -.240 .090 .100 .019 -.112 -.206

Category Juices Ambient -.132 -.254 -.050 -.124 -.088 -.160 1.000 -.032 -.242 .109 .060 -.080 -.032 -.208

Season Winter -.039 -.062 -.020 -.059 .000 -.039 .017 -.036 .098 -.118 .004 -.004 .137 -.022

Season Summer .000 .010 -.004 .006 -.045 -.021 .108 .001 -.042 .020 .060 .014 .048 -.005

Season Autumn .050 .033 -.028 .035 .053 .102 -.145 .052 -.022 .064 -.034 .012 -.133 .007
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Category Dairy 

Drinks Ambient

Category Juices 

Cooled

Category Juices 

Ambient Season Winter

Season 

Summer Season Autumn AoF Ambient SizeL Small SizeL Large SizeL Page PlaceL Front PlaceL Back PromoM 2for PromoM 2plus1

Volume sold to 

householdings with children

.214 -.099 .774 -.035 .086 -.083 .801 -.048 .126 -.007 .181 .122 -.096 .269

Promotion competitor brand 

at national retailer

-.063 -.009 .119 -.035 .069 -.036 .068 -.088 -.058 .094 .068 .106 -.052 .171

Promotion PL at national 

retailer

-.121 -.203 -.179 -.145 .061 -.031 -.227 .078 .013 -.097 .088 -.120 -.158 -.059

Promotion competitor brand 

or PL at national retailer

-.141 -.146 -.026 -.120 .074 -.007 -.103 -.008 -.049 .020 .135 -.009 -.162 .091

LN #Productsinpromotion -.179 .197 -.087 -.010 -.058 .100 -.178 -.077 -.019 .074 .059 -.042 .072 .119

LG10 #MM -.047 -.011 .060 -.042 -.034 -.030 .026 -.079 .023 .010 .039 -.011 .040 -.005

LG10 #Weeks since previous 

promotion at retailer with 

product

.008 .013 .020 .082 -.058 -.041 .022 .143 -.134 -.077 -.032 .094 .018 .026

LG10 #Weeks comparable 

promotion at same retailer

.125 .555 -.181 -.071 .026 .115 -.087 .207 .027 -.142 -.097 -.155 .339 -.084

LG10 #Weeks comparable 

promotion at national retailer

.162 .474 -.146 -.109 .208 -.069 -.035 .282 -.046 -.234 -.044 -.020 .344 -.112

LN Baseline .072 -.148 .069 .004 -.058 .000 .102 -.213 .264 .113 -.121 -.110 -.139 .084

LN Previousliftfactor -.011 -.148 .363 .123 .001 -.104 .312 -.106 .015 .135 .185 .152 -.136 .051

Centered LG10 Min.shelflife 

at retailer dc

.527 .060 .752 -.007 .058 -.046 .961 -.060 .156 .060 .191 .125 -.013 .241

LG10 Growth sellingstores .018 .110 -.132 -.039 .000 .050 -.106 .168 -.070 -.035 -.043 .000 .121 -.090

LG10 Purchase frequency of 

product

.162 .069 -.254 -.062 .010 .033 -.130 .069 .123 -.235 -.116 -.129 .083 -.015

Brand Boerenland -.030 -.049 -.050 -.020 -.004 -.028 -.061 -.056 .020 -.036 -.054 -.028 -.054 -.025

Brand Campina -.074 -.123 -.124 -.059 .006 .035 -.151 .074 -.129 -.042 -.071 -.030 -.070 -.063

Brand Chocomel .911 -.087 -.088 .000 -.045 .053 .444 -.042 .141 -.078 -.018 -.049 -.053 .024

Brand Coolbest -.095 1.000 -.160 -.039 -.021 .102 -.195 .265 -.013 -.132 -.141 -.090 .632 -.081

Brand DubbelFrisss -.096 -.160 1.000 .017 .108 -.145 .822 -.115 .070 .180 .289 .222 -.170 .291

Brand Fristi .335 -.032 -.032 -.036 .001 .052 .163 -.036 -.015 -.002 -.035 -.025 -.035 -.016

Brand Mona -.143 -.240 -.242 .098 -.042 -.022 -.294 -.102 -.159 .231 .030 .047 -.167 -.123

Retailer COOP .061 .090 .109 -.118 .020 .064 .131 .282 -.045 -.117 .019 .060 .121 -.082

RetailerEMTE -.050 .100 .060 .004 .060 -.034 .025 .481 -.063 -.153 -.051 -.058 .023 .097

Retailer Hoogvliet .016 .019 -.080 -.004 .014 .012 -.060 -.125 -.126 -.232 .170 .075 .005 -.004

Retailer Plus -.069 -.112 -.032 .137 .048 -.133 -.068 -.214 -.059 .368 .037 .105 -.009 -.104

Category Dairy Drinks Fresh -.123 -.206 -.208 -.022 -.005 .007 -.253 -.004 .133 -.145 -.027 -.127 -.038 -.026

Category Dairy Drinks 

Ambient

1.000 -.095 -.096 -.017 -.048 .081 .487 -.047 .137 -.078 -.034 -.057 -.057 .014

Category Juices Cooled -.095 1.000 -.160 -.039 -.021 .102 -.195 .265 -.013 -.132 -.141 -.090 .632 -.081

Category Juices Ambient -.096 -.160 1.000 .017 .108 -.145 .822 -.115 .070 .180 .289 .222 -.170 .291

Season Winter -.017 -.039 .017 1.000 -.296 -.344 .005 -.074 .005 -.008 -.112 .369 .002 .224

Season Summer -.048 -.021 .108 -.296 1.000 -.511 .068 -.052 .053 .019 .096 -.072 -.072 -.096

Season Autumn .081 .102 -.145 -.344 -.511 1.000 -.081 .106 -.009 .077 .032 -.139 .089 -.053
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PromoM 

2ndhalfprice

PromoM 

Multibuy

Inter COOP 

Volumedisplay

Inter EMTE 

Volumedisplay

Inter EMTE 

Promopr 

Meancenter

Inter Autumn 

Mona

Inter Winter 

Mona

Inter Summer 

Mona

Inter Autumn 

Chocomel

Inter Winter 

Chocomel

Inter Summer 

Chocomel

Inter Autumn 

Campina

Inter Winter 

Campina

Inter Autumn 

DubbelFrisss

Volume sold to 

householdings with children

.050 .561 .165 .062 .178 -.378 -.291 -.325 .094 .060 .061 .065 .037 .317

Promotion competitor brand 

at national retailer

.219 .021 .015 .028 .020 -.050 -.079 .082 .012 -.062 -.001 .050 .073 -.029

Promotion PL at national 

retailer

-.080 -.145 .029 .105 .031 .104 -.059 .047 -.077 -.044 -.050 .081 -.047 -.086

Promotion competitor brand 

or PL at national retailer

.110 -.073 .032 .035 .012 .059 -.105 .082 -.040 -.089 -.034 .126 .038 -.085

LN #Productsinpromotion .337 -.103 -.074 -.104 -.027 .041 -.027 -.102 -.078 -.119 -.029 -.028 -.044 -.024

LG10 #MM .005 .059 .012 -.066 .033 -.041 -.015 -.058 -.008 -.043 .004 .016 .041 -.053

LG10 #Weeks since previous 

promotion at retailer with 

product

.116 .049 .003 .159 -.115 .015 -.037 -.031 -.063 .018 .062 .016 .049 .017

LG10 #Weeks comparable 

promotion at same retailer

-.194 -.118 .063 .062 -.177 -.050 -.102 .011 .012 .122 .103 -.029 -.097 .033

LG10 #Weeks comparable 

promotion at national retailer

-.102 -.030 .133 .008 -.104 -.135 -.088 -.105 .101 .062 .107 -.094 -.065 -.080

LN Baseline .252 -.026 -.104 -.095 .038 -.101 -.049 -.113 .056 .108 .008 .081 -.037 .065

LN Previousliftfactor -.183 .278 .010 .170 .120 .205 .231 .169 -.012 .009 -.005 -.140 -.019 .129

Centered LG10 Min.shelflife 

at retailer dc

-.009 .557 .217 .070 .185 -.206 -.165 -.181 .336 .194 .218 -.147 -.070 .315

LG10 Growth sellingstores -.115 -.103 .199 -.088 -.025 .005 .042 .053 -.009 -.032 .000 .028 -.041 -.069

LG10 Purchase frequency of 

product

.029 -.145 -.035 -.003 -.076 -.286 -.214 -.236 .121 .053 .110 -.017 -.003 -.104

Brand Boerenland .002 -.044 -.040 -.034 .006 -.040 -.031 -.035 -.019 -.011 -.012 -.024 -.011 -.021

Brand Campina .015 -.046 -.086 -.084 -.105 -.100 -.078 -.086 -.047 -.027 -.030 .636 .296 -.052

Brand Chocomel -.039 .027 .067 -.018 -.008 -.070 -.055 -.061 .693 .400 .450 -.043 -.020 -.037

Brand Coolbest -.060 -.141 -.006 -.071 -.136 -.129 -.101 -.111 -.060 -.035 -.039 -.078 -.037 -.067

Brand DubbelFrisss .027 .671 .205 .116 .253 -.130 -.102 -.113 -.061 -.035 -.039 -.079 -.037 .420

Brand Fristi .035 .036 .006 -.022 .004 -.026 -.020 -.022 -.012 -.007 -.008 -.016 -.007 -.013

Brand Mona -.042 -.192 -.046 .015 -.020 .537 .421 .465 -.091 -.052 -.059 -.118 -.055 -.102

Retailer COOP -.113 .187 .810 -.110 .021 -.024 -.102 -.020 .064 -.035 .055 -.013 -.037 .044

RetailerEMTE .003 -.051 -.114 .780 -.147 -.070 .018 .024 -.027 .014 -.034 -.042 .024 .003

Retailer Hoogvliet -.166 .044 -.191 -.161 .030 .046 -.084 -.066 .016 -.051 .017 .009 .116 -.055

Retailer Plus -.144 -.001 -.166 -.139 .026 .014 .201 .190 -.077 .046 -.009 -.048 -.047 -.032

Category Dairy Drinks Fresh -.027 -.139 -.031 .041 .092 -.167 -.131 -.145 -.078 -.045 -.051 -.102 -.047 -.087

Category Dairy Drinks 

Ambient

-.027 .033 .062 -.027 -.005 -.077 -.060 -.067 .631 .365 .411 -.047 -.022 -.040

Category Juices Cooled -.060 -.141 -.006 -.071 -.136 -.129 -.101 -.111 -.060 -.035 -.039 -.078 -.037 -.067

Category Juices Ambient .027 .671 .205 .116 .253 -.130 -.102 -.113 -.061 -.035 -.039 -.079 -.037 .420

Season Winter -.126 -.018 -.100 .028 -.019 -.144 .567 -.125 -.067 .195 -.044 -.088 .205 -.075

Season Summer -.049 .126 .043 .063 .066 -.214 -.168 .422 -.100 -.058 .148 -.130 -.061 -.112

Season Autumn .087 -.105 .009 -.066 -.021 .419 -.195 -.216 .195 -.067 -.076 .255 -.071 .219

 

Pearson 

Correlation



Page 115 
 

Inter 

Themeweek 

COOP

Inter Mulibuy 

Centeredshelf

Inter Mona 

EMTE Inter MonaPlus

Inter 

DubbelFrisss 

CenteredTempe

rature

Inter Chocomel 

Centered 

Temperature

Inter Mona 

Centered 

Temperature

Inter Fristi 

Centered 

Temperature

Volume sold to 

householdings with children

.036 .582 -.182 -.385 .204 -.033 .056 .094

Promotion competitor brand 

at national retailer

.094 .056 .037 .070 .054 -.019 .202 -.019

Promotion PL at national 

retailer

.017 -.168 .025 -.019 -.018 .025 -.004 -.014

Promotion competitor brand 

or PL at national retailer

.041 -.061 .038 .074 .014 -.001 .166 -.027

LN #Productsinpromotion -.018 -.072 -.026 -.196 -.039 .064 -.069 .028

LG10 #MM -.049 .060 -.079 -.061 .067 -.001 -.106 -.014

LG10 #Weeks since previous 

promotion at retailer with 

product

-.020 .016 .103 -.126 -.111 .070 .004 .086

LG10 #Weeks comparable 

promotion at same retailer

.092 -.049 .091 .011 -.001 .002 .039 .028

LG10 #Weeks comparable 

promotion at national retailer

.140 -.034 .034 -.190 .023 -.020 .023 .024

LN Baseline -.053 .011 -.094 -.135 .031 -.067 -.039 .008

LN Previousliftfactor -.038 .301 .206 .249 .063 -.001 -.092 -.013

Centered LG10 Min.shelflife 

at retailer dc

.061 .623 -.094 -.219 .204 -.108 .033 .059

LG10 Growth sellingstores .121 -.075 -.051 .165 -.015 .016 .023 .021

LG10 Purchase frequency of 

product

.000 -.163 -.113 -.310 -.063 -.019 .048 .031

Brand Boerenland -.017 -.038 -.018 -.042 -.014 .006 .006 -.003

Brand Campina -.043 -.121 -.046 -.104 -.034 .015 .015 -.008

Brand Chocomel .026 .060 -.032 -.073 -.024 -.223 .011 -.006

Brand Coolbest .022 -.122 -.059 -.134 -.044 .019 .020 -.011

Brand DubbelFrisss .029 .712 -.060 -.136 .271 .020 .020 -.011

Brand Fristi .063 .054 -.012 -.027 -.009 .004 .004 .337

Brand Mona -.003 -.192 .248 .560 -.066 .029 -.083 -.016

Retailer COOP .343 .220 -.060 -.135 .100 .016 .060 .033

RetailerEMTE -.048 -.030 .426 -.118 .051 -.028 .040 -.009

Retailer Hoogvliet -.081 -.055 -.088 -.198 -.075 .031 -.005 -.041

Retailer Plus -.070 .027 -.076 .662 -.046 .004 .011 -.014

Category Dairy Drinks Fresh .001 -.170 -.077 -.174 -.057 .025 .026 -.014

Category Dairy Drinks 

Ambient

.045 .071 -.036 -.080 -.026 -.203 .012 .113

Category Juices Cooled .022 -.122 -.059 -.134 -.044 .019 .020 -.011

Category Juices Ambient .029 .712 -.060 -.136 .271 .020 .020 -.011

Season Winter -.061 -.001 .079 .131 -.217 -.066 -.318 -.012

Season Summer .208 .118 .048 .027 .295 .141 .321 .033

Season Autumn -.106 -.069 -.059 -.116 -.132 -.099 -.134 -.014

Pearson 
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LN Liftfactor Volumedisplay Display

Regular 

salesprice

#Promotions 

product 

previous year #Raindays

Centered 

Temperature National holiday

Other special 

day Holiday period Summerholiday Sports event

Saving 

campaign Themeweek

AoF Ambient .343 .204 .083 -.448 -.064 -.017 .071 .016 .011 .106 .047 .013 -.043 -.025

SizeL Small -.124 -.108 -.186 .213 -.243 -.070 -.014 -.008 .103 -.051 -.010 -.012 .205 -.036

SizeL Large -.009 .026 .003 -.031 .164 -.070 .015 -.061 -.001 .005 .085 -.036 -.107 .042

SizeL Page .181 -.040 .031 -.116 .156 .125 .008 -.077 -.116 .055 .051 .059 .017 -.101

PlaceL Front .296 .181 .077 -.237 .044 .003 .078 -.062 -.036 .109 .104 -.032 .002 .072

PlaceL Back .196 .126 .065 -.164 -.009 .036 -.182 -.017 -.074 -.078 -.102 -.018 -.066 .051

PromoM 2for -.167 -.141 -.083 .341 -.002 .003 -.054 -.012 .004 .034 -.041 -.035 .043 -.131

PromoM 2plus1 .075 .031 -.010 -.181 .000 .076 -.102 .000 -.048 .021 -.067 -.071 -.037 -.013

PromoM 2nd half price -.253 -.201 -.160 .061 -.059 -.043 .100 .055 -.005 -.126 -.073 .043 .073 -.092

PromoM Multibuy .310 .209 .087 -.375 -.061 .041 .081 .027 -.037 .119 .123 .068 -.040 -.031

Inter COOP Volumedisplay .008 .188 .093 -.074 -.061 -.036 .094 .034 .012 .072 .032 .007 .022 -.067

Inter EMTE Volumedisplay .179 .239 .078 -.055 -.184 -.108 .016 -.036 -.025 -.023 .008 .022 .193 .016

Inter EMTE 

PromoprMeancenter

.137 .177 .272 -.152 .150 -.032 .058 .005 -.046 .033 .053 -.030 -.057 -.028

Inter Autumn Mona .184 .053 .041 -.068 .056 .088 -.144 -.101 -.015 -.136 -.175 -.113 .159 -.048

Inter Winter Mona .171 .009 .047 -.065 .088 .094 -.269 -.079 -.059 -.117 -.137 .003 -.096 .071

Inter Summer Mona .195 .028 .045 -.034 -.001 -.091 .258 -.087 -.066 .315 .422 .060 -.103 .011

Inter Autumn Chocomel .067 .045 .013 -.022 -.044 .049 -.098 -.047 .013 -.008 -.082 -.053 .078 -.046

Inter Winter Chocomel -.011 .041 .025 -.090 -.039 -.030 -.083 -.027 -.020 -.061 -.047 -.030 -.039 .004

Inter Summer Chocomel -.020 .036 -.003 -.040 -.031 -.046 .113 -.031 -.023 .070 .103 -.034 -.042 .076

Inter Autumn Campina -.123 -.038 -.015 .104 -.119 .008 -.060 -.062 -.046 -.080 -.106 -.069 .103 -.006

Inter Winter Campina -.002 .017 -.040 -.001 -.086 .102 -.095 .002 -.022 -.046 -.050 .038 -.035 .000

Inter Autumn DubbelFrisss .127 .031 .039 -.219 .026 .024 -.051 -.053 -.040 -.067 -.091 -.059 .079 -.034

Inter Themeweek COOP .025 -.042 .017 -.022 -.039 -.053 .075 -.043 -.032 -.022 .009 -.048 -.107 .282

Inter Mulibuy Centeredshelf .348 .192 .073 -.308 -.039 .024 .048 -.044 -.050 .123 .111 .079 -.065 -.061

Inter Mona EMTE .202 .103 .043 .005 -.160 -.073 .024 -.047 -.035 .011 -.016 .035 .137 -.038

Inter Mona Plus .245 -.015 .062 -.049 .222 .021 -.010 -.036 -.079 .010 .093 -.029 -.095 .025

Inter Dubbelfrisss Centered 

Temperature

.109 .032 .031 -.079 .008 -.112 .363 -.013 .015 .126 .266 .091 -.046 .052

Inter Chocomel Centered 

Temperature

-.091 -.038 -.032 .029 .031 -.050 .220 .015 -.036 .136 .131 .017 -.057 .084

Inter Mona Centered 

Temperature

-.026 .015 .001 .053 -.058 -.248 .506 .059 .004 .257 .312 .068 .051 -.004

Inter FristiCentered 

Temperature

-.042 -.045 -.030 -.012 -.055 -.030 .057 -.008 -.006 .016 -.015 .039 .008 .022

Pearson Correlation
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Volume TV support Magazine

Absolute 

discount

Relative price 

discount

Pshychological 

price Is odd

Psychological 

price Is 9

Difference sales 

price with 

national 

competitor

Comparabl 

epromotion at 

national retailer 

week x

Comparable 

promotion at 

national retailer 

week x-1

Promotion with 

similar brand at 

national retailer 

week x

Promotion with 

similar brand at 

national retailer 

week x-1

Centered 

Promopressure

Marketshare 

brand at retailer 

in category PL 

Branded

AoF Ambient .638 .050 -.074 -.032 .257 -.046 -.016 .070 -.029 .029 -.047 -.017 .247 -.021

SizeL Small .026 -.128 -.104 -.075 -.185 .215 .234 .095 -.033 -.136 .025 -.044 -.286 .090

SizeL Large .164 -.076 .051 .076 .094 -.109 -.082 -.007 -.024 .066 .003 -.025 .130 .185

SizeL Page -.060 .508 .031 .044 .120 -.124 -.114 .031 .027 .074 -.061 .126 .321 -.219

PlaceL Front .130 .310 -.106 .137 .312 .034 -.021 -.173 .153 -.047 .033 .054 .161 -.042

PlaceL Back .070 .025 -.076 .040 .136 -.038 .014 -.087 .071 .048 .127 .068 .098 -.141

PromoM 2for .077 -.153 -.053 -.022 -.209 .111 .182 .057 -.235 -.246 -.069 -.119 -.158 .273

PromoM 2plus1 .230 -.013 -.049 .065 .192 -.226 -.192 -.053 .113 .026 .147 .037 .090 -.016

PromoM 2nd half price .004 .153 .159 .013 -.013 -.074 -.222 .051 .025 .040 .038 -.023 .037 -.064

PromoM Multibuy .467 .095 -.085 .082 .348 .077 .135 -.096 .029 .061 .012 .015 .193 -.031

Inter COOP Volumedisplay .148 -.114 -.078 -.108 -.054 .135 .142 .171 -.074 -.013 -.049 .004 -.005 -.014

Inter EMTE Volumedisplay .053 -.045 -.066 .054 .109 .110 .128 -.013 .108 .114 .101 .136 .059 -.005

Inter EMTE 

PromoprMeancenter

.140 .048 .012 .062 .168 -.096 -.105 -.039 .007 .090 -.031 .016 .356 .026

Inter Autumn Mona -.418 .160 -.078 -.046 -.021 -.014 -.072 .032 .146 .075 .103 .137 .195 -.315

Inter Winter Mona -.337 .028 .020 -.024 -.011 .024 .033 .030 .066 .054 .028 .065 .196 -.237

Inter Summer Mona -.368 -.020 -.067 .007 .015 .004 -.021 -.004 .064 .158 -.093 .089 .111 -.269

Inter Autumn Chocomel .037 -.001 .082 -.060 -.051 .001 .015 .074 -.102 -.078 .022 .046 -.002 .163

Inter Winter Chocomel .023 -.031 -.021 -.137 -.135 -.096 -.082 .140 -.012 -.068 .037 -.025 -.014 .105

Inter Summer Chocomel .026 -.034 -.024 -.066 -.060 -.043 -.027 .062 -.132 -.097 -.076 -.045 -.026 .097

Inter Autumn Campina .053 -.069 -.047 -.032 -.081 .077 .037 .017 .032 .082 -.087 .068 -.254 -.062

Inter Winter Campina .024 -.032 -.022 -.007 -.017 -.058 -.042 -.072 .068 .032 .091 -.060 -.176 .023

Inter Autumn DubbelFrisss .290 .010 -.041 .036 .189 -.022 .001 -.003 -.016 -.011 .039 .013 .122 -.067

Inter Themeweek COOP .025 -.048 -.033 .008 .004 -.153 -.129 .018 -.186 -.052 .027 -.062 -.049 .005

Inter Mulibuy Centeredshelf .523 .117 -.074 .114 .365 .110 .160 -.069 .044 .040 -.043 -.038 .227 -.070

Inter Mona EMTE -.183 -.052 -.036 .064 .069 .135 .132 -.041 .054 .085 -.003 .132 -.055 -.160

Inter Mona Plus -.446 .196 -.081 -.050 -.061 -.075 -.043 .082 .072 .056 -.055 .046 .274 -.298

Inter Dubbelfrisss Centered 

Temperature

.181 .093 -.026 .069 .145 .030 .028 -.031 .018 -.004 -.069 -.010 .116 -.021

Inter Chocomel Centered 

Temperature

-.010 -.032 -.094 .006 -.009 .017 .008 -.027 -.048 -.009 -.106 -.083 .008 -.061

Inter Mona Centered 

Temperature

.072 -.141 .002 -.008 -.036 -.072 -.069 .011 -.045 -.054 -.128 -.068 -.081 .046

Inter FristiCentered 

Temperature

.006 -.009 -.006 .019 .008 -.047 -.047 .002 -.080 -.045 -.021 -.015 -.069 -.027
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Marketshare 

brand at retailer 

in category 

Branded only

Penetration of 

brand

Volumesoldtoho

useholdingswit

hchildren

Promotion 

competitor 

brand at 

national retailer

Promotion PL at 

national retailer

Promotion 

competitor 

brand or PL at 

national retailer

LN # Products 

in promotion LG10_#MM

LG10 #Weeks 

since previous 

promotion at 

retailer with 

product

LG10 #Weeks 

comparable 

promotion at 

same retailer

LG10 #Weeks 

comparable 

promotion at 

national retailer LN Baseline

LN Previous lift 

factor

Centered LG10 

Min.shelflife at 

retailer dc

AoF Ambient .038 -.360 .801 .068 -.227 -.103 -.178 .026 .022 -.087 -.035 .102 .312 .961

SizeL Small .117 -.096 -.048 -.088 .078 -.008 -.077 -.079 .143 .207 .282 -.213 -.106 -.060

SizeL Large .212 -.150 .126 -.058 .013 -.049 -.019 .023 -.134 .027 -.046 .264 .015 .156

SizeL Page -.198 .109 -.007 .094 -.097 .020 .074 .010 -.077 -.142 -.234 .113 .135 .060

PlaceL Front -.091 .009 .181 .068 .088 .135 .059 .039 -.032 -.097 -.044 -.121 .185 .191

PlaceL Back -.145 .018 .122 .106 -.120 -.009 -.042 -.011 .094 -.155 -.020 -.110 .152 .125

PromoM 2for .368 -.367 -.096 -.052 -.158 -.162 .072 .040 .018 .339 .344 -.139 -.136 -.013

PromoM 2plus1 -.023 -.093 .269 .171 -.059 .091 .119 -.005 .026 -.084 -.112 .084 .051 .241

PromoM 2nd half price -.049 .011 .050 .219 -.080 .110 .337 .005 .116 -.194 -.102 .252 -.183 -.009

PromoM Multibuy -.026 -.170 .561 .021 -.145 -.073 -.103 .059 .049 -.118 -.030 -.026 .278 .557

Inter COOP Volumedisplay .005 -.108 .165 .015 .029 .032 -.074 .012 .003 .063 .133 -.104 .010 .217

Inter EMTE Volumedisplay -.034 -.014 .062 .028 .105 .035 -.104 -.066 .159 .062 .008 -.095 .170 .070

Inter EMTE 

PromoprMeancenter

-.009 -.040 .178 .020 .031 .012 -.027 .033 -.115 -.177 -.104 .038 .120 .185

Inter Autumn Mona -.333 .267 -.378 -.050 .104 .059 .041 -.041 .015 -.050 -.135 -.101 .205 -.206

Inter Winter Mona -.255 .221 -.291 -.079 -.059 -.105 -.027 -.015 -.037 -.102 -.088 -.049 .231 -.165

Inter Summer Mona -.298 .235 -.325 .082 .047 .082 -.102 -.058 -.031 .011 -.105 -.113 .169 -.181

Inter Autumn Chocomel .232 -.116 .094 .012 -.077 -.040 -.078 -.008 -.063 .012 .101 .056 -.012 .336

Inter Winter Chocomel .156 -.067 .060 -.062 -.044 -.089 -.119 -.043 .018 .122 .062 .108 .009 .194

Inter Summer Chocomel .129 -.076 .061 -.001 -.050 -.034 -.029 .004 .062 .103 .107 .008 -.005 .218

Inter Autumn Campina .000 .334 .065 .050 .081 .126 -.028 .016 .016 -.029 -.094 .081 -.140 -.147

Inter Winter Campina .059 .165 .037 .073 -.047 .038 -.044 .041 .049 -.097 -.065 -.037 -.019 -.070

Inter Autumn DubbelFrisss -.061 -.105 .317 -.029 -.086 -.085 -.024 -.053 .017 .033 -.080 .065 .129 .315

Inter Themeweek COOP -.010 -.059 .036 .094 .017 .041 -.018 -.049 -.020 .092 .140 -.053 -.038 .061

Inter Mulibuy Centeredshelf -.043 -.239 .582 .056 -.168 -.061 -.072 .060 .016 -.049 -.034 .011 .301 .623

Inter Mona EMTE -.183 .114 -.182 .037 .025 .038 -.026 -.079 .103 .091 .034 -.094 .206 -.094

Inter Mona Plus -.341 .294 -.385 .070 -.019 .074 -.196 -.061 -.126 .011 -.190 -.135 .249 -.219

Inter Dubbelfrisss Centered 

Temperature

-.013 -.066 .204 .054 -.018 .014 -.039 .067 -.111 -.001 .023 .031 .063 .204

Inter Chocomel Centered 

Temperature

-.098 .036 -.033 -.019 .025 -.001 .064 -.001 .070 .002 -.020 -.067 -.001 -.108

Inter Mona Centered 

Temperature

.040 -.047 .056 .202 -.004 .166 -.069 -.106 .004 .039 .023 -.039 -.092 .033

Inter FristiCentered 

Temperature

-.031 -.077 .094 -.019 -.014 -.027 .028 -.014 .086 .028 .024 .008 -.013 .059
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LG10 Growth 

selling stores

LG10 Purchase 

frequency of 

product

Brand 

Boerenland Brand Campina

Brand 

Chocomel Brand Coolbest

Brand 

DubbelFrisss Brand Fristi Brand Mona Retailer COOP Retailer EMTE

Retailer 

Hoogvliet Retailer Plus

Category Dairy 

Drinks Fresh

AoF Ambient -.106 -.130 -.061 -.151 .444 -.195 .822 .163 -.294 .131 .025 -.060 -.068 -.253

SizeL Small .168 .069 -.056 .074 -.042 .265 -.115 -.036 -.102 .282 .481 -.125 -.214 -.004

SizeL Large -.070 .123 .020 -.129 .141 -.013 .070 -.015 -.159 -.045 -.063 -.126 -.059 .133

SizeL Page -.035 -.235 -.036 -.042 -.078 -.132 .180 -.002 .231 -.117 -.153 -.232 .368 -.145

PlaceL Front -.043 -.116 -.054 -.071 -.018 -.141 .289 -.035 .030 .019 -.051 .170 .037 -.027

PlaceL Back .000 -.129 -.028 -.030 -.049 -.090 .222 -.025 .047 .060 -.058 .075 .105 -.127

PromoM 2for .121 .083 -.054 -.070 -.053 .632 -.170 -.035 -.167 .121 .023 .005 -.009 -.038

PromoM 2plus1 -.090 -.015 -.025 -.063 .024 -.081 .291 -.016 -.123 -.082 .097 -.004 -.104 -.026

PromoM 2nd half price -.115 .029 .002 .015 -.039 -.060 .027 .035 -.042 -.113 .003 -.166 -.144 -.027

PromoM Multibuy -.103 -.145 -.044 -.046 .027 -.141 .671 .036 -.192 .187 -.051 .044 -.001 -.139

Inter COOP Volumedisplay .199 -.035 -.040 -.086 .067 -.006 .205 .006 -.046 .810 -.114 -.191 -.166 -.031

Inter EMTE Volumedisplay -.088 -.003 -.034 -.084 -.018 -.071 .116 -.022 .015 -.110 .780 -.161 -.139 .041

Inter EMTE 

PromoprMeancenter

-.025 -.076 .006 -.105 -.008 -.136 .253 .004 -.020 .021 -.147 .030 .026 .092

Inter Autumn Mona .005 -.286 -.040 -.100 -.070 -.129 -.130 -.026 .537 -.024 -.070 .046 .014 -.167

Inter Winter Mona .042 -.214 -.031 -.078 -.055 -.101 -.102 -.020 .421 -.102 .018 -.084 .201 -.131

Inter Summer Mona .053 -.236 -.035 -.086 -.061 -.111 -.113 -.022 .465 -.020 .024 -.066 .190 -.145

Inter Autumn Chocomel -.009 .121 -.019 -.047 .693 -.060 -.061 -.012 -.091 .064 -.027 .016 -.077 -.078

Inter Winter Chocomel -.032 .053 -.011 -.027 .400 -.035 -.035 -.007 -.052 -.035 .014 -.051 .046 -.045

Inter Summer Chocomel .000 .110 -.012 -.030 .450 -.039 -.039 -.008 -.059 .055 -.034 .017 -.009 -.051

Inter Autumn Campina .028 -.017 -.024 .636 -.043 -.078 -.079 -.016 -.118 -.013 -.042 .009 -.048 -.102

Inter Winter Campina -.041 -.003 -.011 .296 -.020 -.037 -.037 -.007 -.055 -.037 .024 .116 -.047 -.047

Inter Autumn DubbelFrisss -.069 -.104 -.021 -.052 -.037 -.067 .420 -.013 -.102 .044 .003 -.055 -.032 -.087

Inter Themeweek COOP .121 .000 -.017 -.043 .026 .022 .029 .063 -.003 .343 -.048 -.081 -.070 .001

Inter Mulibuy Centeredshelf -.075 -.163 -.038 -.121 .060 -.122 .712 .054 -.192 .220 -.030 -.055 .027 -.170

Inter Mona EMTE -.051 -.113 -.018 -.046 -.032 -.059 -.060 -.012 .248 -.060 .426 -.088 -.076 -.077

Inter Mona Plus .165 -.310 -.042 -.104 -.073 -.134 -.136 -.027 .560 -.135 -.118 -.198 .662 -.174

Inter Dubbelfrisss Centered 

Temperature

-.015 -.063 -.014 -.034 -.024 -.044 .271 -.009 -.066 .100 .051 -.075 -.046 -.057

Inter Chocomel Centered 

Temperature

.016 -.019 .006 .015 -.223 .019 .020 .004 .029 .016 -.028 .031 .004 .025

Inter Mona Centered 

Temperature

.023 .048 .006 .015 .011 .020 .020 .004 -.083 .060 .040 -.005 .011 .026

Inter FristiCentered 

Temperature

.021 .031 -.003 -.008 -.006 -.011 -.011 .337 -.016 .033 -.009 -.041 -.014 -.014

 

Pearson 

Correlation
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Category Dairy 

Drinks Ambient

Category Juices 

Cooled

Category Juices 

Ambient Season Winter

Season 

Summer Season Autumn AoF Ambient SizeL Small SizeL Large SizeL Page PlaceL Front PlaceL Back PromoM 2for PromoM 2plus1

AoF Ambient .487 -.195 .822 .005 .068 -.081 1.000 -.128 .139 .113 .234 .162 -.181 .263

SizeL Small -.047 .265 -.115 -.074 -.052 .106 -.128 1.000 -.225 -.223 -.141 -.143 .148 -.044

SizeL Large .137 -.013 .070 .005 .053 -.009 .139 -.225 1.000 -.245 -.041 -.050 -.044 -.056

SizeL Page -.078 -.132 .180 -.008 .019 .077 .113 -.223 -.245 1.000 .168 .275 -.104 .001

PlaceL Front -.034 -.141 .289 -.112 .096 .032 .234 -.141 -.041 .168 1.000 -.139 -.160 .042

PlaceL Back -.057 -.090 .222 .369 -.072 -.139 .162 -.143 -.050 .275 -.139 1.000 -.067 .132

PromoM 2for -.057 .632 -.170 .002 -.072 .089 -.181 .148 -.044 -.104 -.160 -.067 1.000 -.089

PromoM 2plus1 .014 -.081 .291 .224 -.096 -.053 .263 -.044 -.056 .001 .042 .132 -.089 1.000

PromoM 2nd half price -.027 -.060 .027 -.126 -.049 .087 .008 -.059 .073 .182 .020 -.089 -.123 -.058

PromoM Multibuy .033 -.141 .671 -.018 .126 -.105 .608 -.129 .021 .193 .325 .165 -.154 -.072

Inter COOP Volumedisplay .062 -.006 .205 -.100 .043 .009 .215 .149 .008 -.098 .092 .050 .035 -.066

Inter EMTE Volumedisplay -.027 -.071 .116 .028 .063 -.066 .086 .283 .009 -.112 -.018 -.019 -.062 .157

Inter EMTE 

PromoprMeancenter

-.005 -.136 .253 -.019 .066 -.021 .219 -.310 .111 .052 .109 .065 -.089 .191

Inter Autumn Mona -.077 -.129 -.130 -.144 -.214 .419 -.158 -.077 -.092 .204 .160 -.041 -.108 -.066

Inter Winter Mona -.060 -.101 -.102 .567 -.168 -.195 -.124 -.026 -.017 .048 -.111 .215 -.024 -.052

Inter Summer Mona -.067 -.111 -.113 -.125 .422 -.216 -.137 -.045 -.120 .194 .039 -.025 -.076 -.057

Inter Autumn Chocomel .631 -.060 -.061 -.067 -.100 .195 .308 -.047 .074 -.034 .043 -.048 -.037 .065

Inter Winter Chocomel .365 -.035 -.035 .195 -.058 -.067 .178 -.039 .129 -.043 -.038 .020 .012 -.018

Inter Summer Chocomel .411 -.039 -.039 -.044 .148 -.076 .200 -.001 .033 -.048 -.043 -.031 -.043 -.020

Inter Autumn Campina -.047 -.078 -.079 -.088 -.130 .255 -.096 .156 -.066 -.081 -.086 -.062 -.029 -.040

Inter Winter Campina -.022 -.037 -.037 .205 -.061 -.071 -.045 .005 -.035 -.045 -.040 .183 -.040 -.019

Inter Autumn DubbelFrisss -.040 -.067 .420 -.075 -.112 .219 .345 -.076 -.029 .239 .037 .148 -.074 .187

Inter Themeweek COOP .045 .022 .029 -.061 .208 -.106 .051 -.062 -.002 .021 -.061 .170 -.060 -.028

Inter Mulibuy Centeredshelf .071 -.122 .712 -.001 .118 -.069 .665 -.107 .054 .161 .330 .190 -.134 -.063

Inter Mona EMTE -.036 -.059 -.060 .079 .048 -.059 -.073 .222 -.040 -.074 -.029 -.047 -.065 -.030

Inter Mona Plus -.080 -.134 -.136 .131 .027 -.116 -.165 -.152 -.115 .389 .040 .080 -.079 -.069

Inter Dubbelfrisss Centered 

Temperature

-.026 -.044 .271 -.217 .295 -.132 .223 .028 .077 -.040 .186 -.176 -.043 -.090

Inter Chocomel Centered 

Temperature

-.203 .019 .020 -.066 .141 -.099 -.099 .039 -.040 -.015 -.077 -.015 -.012 -.073

Inter Mona Centered 

Temperature

.012 .020 .020 -.318 .321 -.134 .025 .040 -.057 -.034 -.021 -.166 -.012 .010

Inter FristiCentered 

Temperature

.113 -.011 -.011 -.012 .033 -.014 .055 -.012 .006 .025 -.012 -.009 -.012 -.005

Pearson 

Correlation
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PromoM 

2ndhalfprice

PromoM 

Multibuy

Inter COOP 

Volumedisplay

Inter EMTE 

Volumedisplay

Inter EMTE 

Promopr 

Meancenter

Inter Autumn 

Mona

Inter Winter 

Mona

Inter Summer 

Mona

Inter Autumn 

Chocomel

Inter Winter 

Chocomel

Inter Summer 

Chocomel

Inter Autumn 

Campina

Inter Winter 

Campina

Inter Autumn 

DubbelFrisss

AoF Ambient .008 .608 .215 .086 .219 -.158 -.124 -.137 .308 .178 .200 -.096 -.045 .345

SizeL Small -.059 -.129 .149 .283 -.310 -.077 -.026 -.045 -.047 -.039 -.001 .156 .005 -.076

SizeL Large .073 .021 .008 .009 .111 -.092 -.017 -.120 .074 .129 .033 -.066 -.035 -.029

SizeL Page .182 .193 -.098 -.112 .052 .204 .048 .194 -.034 -.043 -.048 -.081 -.045 .239

PlaceL Front .020 .325 .092 -.018 .109 .160 -.111 .039 .043 -.038 -.043 -.086 -.040 .037

PlaceL Back -.089 .165 .050 -.019 .065 -.041 .215 -.025 -.048 .020 -.031 -.062 .183 .148

PromoM 2for -.123 -.154 .035 -.062 -.089 -.108 -.024 -.076 -.037 .012 -.043 -.029 -.040 -.074

PromoM 2plus1 -.058 -.072 -.066 .157 .191 -.066 -.052 -.057 .065 -.018 -.020 -.040 -.019 .187

PromoM 2nd half price 1.000 -.099 -.092 -.036 -.068 .101 -.071 -.079 -.042 -.025 -.028 -.055 -.026 -.048

PromoM Multibuy -.099 1.000 .291 -.011 .092 -.114 -.089 -.064 .067 .013 -.035 -.069 -.032 .264

Inter COOP Volumedisplay -.092 .291 1.000 -.089 .017 .012 -.082 -.027 .068 -.028 .084 -.044 -.030 .067

Inter EMTE Volumedisplay -.036 -.011 -.089 1.000 .179 -.031 .034 .070 -.007 .018 -.027 -.054 -.025 .014

Inter EMTE 

PromoprMeancenter

-.068 .092 .017 .179 1.000 .006 -.038 -.013 .004 -.035 .005 -.035 -.121 .060

Inter Autumn Mona .101 -.114 .012 -.031 .006 1.000 -.082 -.090 -.049 -.028 -.032 -.063 -.030 -.054

Inter Winter Mona -.071 -.089 -.082 .034 -.038 -.082 1.000 -.071 -.038 -.022 -.025 -.050 -.023 -.043

Inter Summer Mona -.079 -.064 -.027 .070 -.013 -.090 -.071 1.000 -.042 -.024 -.027 -.055 -.026 -.047

Inter Autumn Chocomel -.042 .067 .068 -.007 .004 -.049 -.038 -.042 1.000 -.013 -.015 -.030 -.014 -.025

Inter Winter Chocomel -.025 .013 -.028 .018 -.035 -.028 -.022 -.024 -.013 1.000 -.009 -.017 -.008 -.015

Inter Summer Chocomel -.028 -.035 .084 -.027 .005 -.032 -.025 -.027 -.015 -.009 1.000 -.019 -.009 -.017

Inter Autumn Campina -.055 -.069 -.044 -.054 -.035 -.063 -.050 -.055 -.030 -.017 -.019 1.000 -.018 -.033

Inter Winter Campina -.026 -.032 -.030 -.025 -.121 -.030 -.023 -.026 -.014 -.008 -.009 -.018 1.000 -.015

Inter Autumn DubbelFrisss -.048 .264 .067 .014 .060 -.054 -.043 -.047 -.025 -.015 -.017 -.033 -.015 1.000

Inter Themeweek COOP -.039 .045 .223 -.038 .007 -.044 -.035 .097 -.021 -.012 .107 -.027 -.013 -.023

Inter Mulibuy Centeredshelf -.086 .870 .324 .006 .090 -.099 -.078 -.099 .101 .027 -.030 -.060 -.028 .280

Inter Mona EMTE -.042 -.053 -.049 .500 -.146 .045 .190 .220 -.022 -.013 -.015 -.029 -.014 -.025

Inter Mona Plus -.095 -.119 -.110 -.092 .017 .129 .355 .350 -.051 -.029 -.033 -.066 -.031 -.057

Inter Dubbelfrisss Centered 

Temperature

.086 .206 .139 .070 .103 -.035 -.028 -.031 -.016 -.010 -.011 -.021 -.010 -.160

Inter Chocomel Centered 

Temperature

.011 -.095 .011 -.035 .025 .016 .012 .014 -.440 -.373 .521 .010 .004 .008

Inter Mona Centered 

Temperature

-.012 .032 .067 .054 .005 -.269 -.519 .525 .008 .004 .005 .010 .005 .008

Inter FristiCentered 

Temperature

.050 -.062 .013 -.007 .001 -.009 -.007 -.008 -.004 -.002 -.003 -.005 -.002 -.005

Pearson 

Correlation
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Inter 

Themeweek 

COOP

Inter Mulibuy 

Centeredshelf

Inter Mona 

EMTE Inter MonaPlus

Inter 

DubbelFrisss 

CenteredTempe

rature

Inter Chocomel 

Centered 

Temperature

Inter Mona 

Centered 

Temperature

Inter Fristi 

Centered 

Temperature

AoF Ambient .051 .665 -.073 -.165 .223 -.099 .025 .055

SizeL Small -.062 -.107 .222 -.152 .028 .039 .040 -.012

SizeL Large -.002 .054 -.040 -.115 .077 -.040 -.057 .006

SizeL Page .021 .161 -.074 .389 -.040 -.015 -.034 .025

PlaceL Front -.061 .330 -.029 .040 .186 -.077 -.021 -.012

PlaceL Back .170 .190 -.047 .080 -.176 -.015 -.166 -.009

PromoM 2for -.060 -.134 -.065 -.079 -.043 -.012 -.012 -.012

PromoM 2plus1 -.028 -.063 -.030 -.069 -.090 -.073 .010 -.005

PromoM 2nd half price -.039 -.086 -.042 -.095 .086 .011 -.012 .050

PromoM Multibuy .045 .870 -.053 -.119 .206 -.095 .032 -.062

Inter COOP Volumedisplay .223 .324 -.049 -.110 .139 .011 .067 .013

Inter EMTE Volumedisplay -.038 .006 .500 -.092 .070 -.035 .054 -.007

Inter EMTE 

PromoprMeancenter

.007 .090 -.146 .017 .103 .025 .005 .001

Inter Autumn Mona -.044 -.099 .045 .129 -.035 .016 -.269 -.009

Inter Winter Mona -.035 -.078 .190 .355 -.028 .012 -.519 -.007

Inter Summer Mona .097 -.099 .220 .350 -.031 .014 .525 -.008

Inter Autumn Chocomel -.021 .101 -.022 -.051 -.016 -.440 .008 -.004

Inter Winter Chocomel -.012 .027 -.013 -.029 -.010 -.373 .004 -.002

Inter Summer Chocomel .107 -.030 -.015 -.033 -.011 .521 .005 -.003

Inter Autumn Campina -.027 -.060 -.029 -.066 -.021 .010 .010 -.005

Inter Winter Campina -.013 -.028 -.014 -.031 -.010 .004 .005 -.002

Inter Autumn DubbelFrisss -.023 .280 -.025 -.057 -.160 .008 .008 -.005

Inter Themeweek COOP 1.000 .054 -.021 -.046 .006 .039 .038 .059

Inter Mulibuy Centeredshelf .054 1.000 -.046 -.103 .218 -.122 .010 -.072

Inter Mona EMTE -.021 -.046 1.000 -.050 -.016 .007 .056 -.004

Inter Mona Plus -.046 -.103 -.050 1.000 -.037 .016 -.003 -.009

Inter Dubbelfrisss Centered 

Temperature

.006 .218 -.016 -.037 1.000 .005 .005 -.003

Inter Chocomel Centered 

Temperature

.039 -.122 .007 .016 .005 1.000 -.002 .001

Inter Mona Centered 

Temperature

.038 .010 .056 -.003 .005 -.002 1.000 .001

Inter FristiCentered 

Temperature

.059 -.072 -.004 -.009 -.003 .001 .001 1.000

Pearson 

Correlation
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Appendix 12 – Other models with interactions 

In this Appendix, the regression coefficients of models with interactions are presented. 
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Table 40 Regression coefficients complete model without DubbelFrisss and Mona including 
interactions (2.ai) 

 
  

Standardized Coefficients

B Std. Error Beta

LN_Previousliftfactor .329 .018 .328 17.978 .000

Vo lumedisplay .400 .023 .347 17.676 .000

Centered_LG10_M in.shelflifeatretailerdc .208 .029 .148 7.289 .000

LN_#Productsinpromotion
-.205 .020 -.219 -10.098 .000

LG10_Growthsellingstores 1.628 .136 .215 11.954 .000

PlaceL_Front .220 .034 .111 6.411 .000

PlaceL_Back .214 .047 .077 4.539 .000

PromoM _2ndhalfprice -.156 .040 -.072 -3.919 .000

Nationalholiday -.091 .039 -.039 -2.305 .021

Brand_Boerenland -.185 .056 -.065 -3.310 .001

Relativepricediscount 1.402 .116 .221 12.087 .000

Otherspecialday -.114 .039 -.046 -2.909 .004

Display .142 .024 .101 5.871 .000

Savingcampaign .100 .020 .084 4.977 .000

LG10_Purchasefrequencyofproduct -.587 .083 -.128 -7.042 .000

@#Promotionsproductpreviousyear .025 .005 .104 5.307 .000

PromoM _2plus1 .279 .063 .076 4.458 .000

M agazine .123 .037 .060 3.302 .001

LG10_#Weekscomparablepromotionatsameretailer .043 .040 .027 1.066 .287

Vo lume -.254 .045 -.093 -5.582 .000

@#Raindays -.010 .008 -.032 -1.255 .210

Promotionwithsimilarbrandatnationalretailerweekx1 .063 .020 .055 3.135 .002

PromoM _2fo r
-.051 .029 -.038 -1.763 .078

LG10_#M M .012 .029 .009 .406 .685

PhychologicalpriceIsodd
-.029 .018 -.028 -1.663 .097

Centered_Temperature
.002 .003 .022 .736 .462

Brand_Campina
.066 .035 .042 1.870 .062

Category_JuicesCooled
.206 .046 .150 4.520 .000

Brand_Fristi .064 .077 .014 .836 .403

Retailer_COOP -.052 .043 -.032 -1.210 .226

Centered_Promopressure -.092 .119 -.020 -.776 .438

Retailer_Hoogvliet -.025 .032 -.021 -.800 .424

Season_Summer -.041 .035 -.030 -1.175 .240

Themeweek -.037 .024 -.026 -1.508 .132

Inter_M ulibuyCenteredshelf .367 .076 .096 4.855 .000

PromoM _M ultibuy
-.161 .056 -.056 -2.873 .004

Inter_CampinaCentered_Temperature -.007 .004 -.030 -1.763 .078

Retailer_EM TE .255 .046 .142 5.511 .000

Retailer_Plus -.047 .033 -.028 -1.422 .155

Inter_CoolbestCentered_Temperature -.007 .005 -.038 -1.430 .153

Inter_FristiCentered_Temperature -.015 .016 -.015 -.957 .339

Inter_COOPVolumedisplay
-.318 .054 -.121 -5.924 .000

Inter_EM TEVo lumedisplay
-.365 .058 -.134 -6.319 .000

Inter_HoogvlietPromoprM eancenter -.279 .182 -.032 -1.532 .126

Inter_SummerCoolbest
.117 .069 .049 1.703 .089

Inter_ThemeweekCOOP .283 .079 .062 3.586 .000

(Constant) .910 .090 10.097 .000

The Prais-Winsten estimation method is used.

R egressio n C o eff ic ients

Unstandardized Coefficients

t Sig
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Table 41 Regression coefficients Drinks including interactions (3.ai) 

 
  

Standardized 

Coefficients

B Std. Error Beta

LN_Previousliftfactor
.343 .019 .338 17.875 .000

Relativepricediscount
1.601 .123 .236 13.037 .000

Volumedisplay
.379 .024 .304 15.724 .000

LG10_M in.shelflifeatretailerdc .293 .023 .240 12.835 .000

LG10_Growthsellingstores
2.049 .160 .232 12.786 .000

PlaceL_Front .248 .028 .149 8.848 .000

Retailer_COOP
-.016 .035 -.010 -.468 .640

PromoM _2ndhalfprice
-.212 .041 -.077 -5.178 .000

Category_JuicesCooled
.227 .033 .149 6.948 .000

LN_#Productsinpromotion
-.063 .025 -.044 -2.561 .011

@#Promotionsproductpreviousyear .024 .005 .083 5.156 .000

Promotionwithsimilarbrandatnationalretailerweekx
.066 .020 .049 3.361 .001

PlaceL_Back .134 .037 .055 3.617 .000

Retailer_EM TE
.238 .042 .128 5.650 .000

Display .099 .025 .059 3.947 .000

Nationalholiday
-.046 .037 -.018 -1.233 .218

Summerholiday
-.165 .039 -.095 -4.221 .000

Season_Summer
.093 .039 .059 2.397 .017

TVsupport .090 .035 .038 2.541 .011

LN_Baseline .024 .010 .059 2.507 .012

LG10_Purchasefrequencyofproduct -.412 .093 -.080 -4.415 .000

Retailer_Hoogvliet
.024 .032 .016 .752 .452

Comparablepromotionatnationalretailerweekx1 .067 .022 .048 3.047 .002

@#Raindays -.012 .005 -.035 -2.438 .015

PromoM _2for
-.043 .029 -.028 -1.499 .134

Otherspecialday
-.049 .038 -.018 -1.276 .202

Centered_Temperature
.003 .002 .029 1.369 .171

Brand_Fristi .157 .068 .033 2.318 .021

Inter_FristiCentered_Temperature -.033 .014 -.032 -2.362 .018

Inter_COOPVolumedisplay
-.275 .044 -.130 -6.221 .000

Inter_EM TEVolumedisplay
-.262 .049 -.113 -5.368 .000

(Constant) -.364 .112 -3.250 .001

The Prais-Winsten estimation method is used.

R egressio n C o eff ic ients

Unstandardized Coefficients

t Sig



Page 126 
 

Table 42 Regression coefficients Eat including interactions (4.ai) 

 
  

Standardized 

Coefficients

B Std. Error Beta

LN_Previousliftfactor
.380 .021 .386 18.292 .000

LN_#Productsinpromotion -.134 .021 -.123 -6.498 .000

Volumedisplay .385 .028 .246 13.539 .000

Display .288 .036 .130 8.045 .000

LG10_Growthsellingstores
1.697 .175 .164 9.679 .000

Retailer_COOP
-.018 .078 -.007 -.235 .814

Retailer_EM TE
.537 .071 .200 7.517 .000

@#Promotionsproductpreviousyear .047 .006 .156 8.125 .000

Phycho logicalpriceIsodd
-.015 .023 -.012 -.679 .497

LG10_Purchasefrequencyofproduct -.972 .126 -.152 -7.711 .000

PromoM _2plus1
.255 .117 .036 2.176 .030

LG10_#M M -.093 .025 -.060 -3.713 .000

Relativepricediscount
.694 .137 .090 5.078 .000

Volume -.388 .053 -.165 -7.255 .000

Retailer_Plus -.169 .037 -.096 -4.519 .000

Otherspecialday
.137 .067 .032 2.036 .042

Themeweek .078 .040 .039 1.944 .052

SizeL_Page .136 .035 .075 3.895 .000

LG10_#Weekscomparablepromotionatsameretailer
.035 .045 .014 .769 .442

PromoM _2ndhalfprice
-.243 .051 -.090 -4.729 .000

Brand_Campina
.030 .040 .017 .758 .449

Season_Winter
-.038 .037 -.018 -1.039 .299

Centered_LG10_M in.shelflifeatretailerdc .416 .223 .032 1.864 .063

PromoM _M ultibuy
-.052 .106 -.009 -.486 .627

Inter_COOPVolumedisplay
-.434 .113 -.104 -3.840 .000

Inter_EM TEVolumedisplay
-.359 .085 -.105 -4.209 .000

Inter_WinterCampina
.258 .088 .050 2.949 .003

Inter_ThemeweekPriceOdd -.033 .057 -.012 -.579 .562

Inter_M ulibuyCenteredshelf 2.052 1.406 .027 1.460 .145

(Constant) .970 .091 10.677 .000

The Prais-Winsten estimation method is used.

R egressio n C o eff icients

Unstandardized Coefficients

t Sig
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Table 43 Regression coefficients Juices including interactions (5.ai) 

 
  

Standardized 

Coefficients

B Std. Error Beta

LN_Previousliftfactor
.451 .027 .442 16.812 .000

Relativepricediscount
1.444 .157 .234 9.213 .000

Centered_Volumedisplay
.311 .028 .254 11.118 .000

PlaceL_Front .229 .034 .153 6.636 .000

LG10_#Weekssincepreviouspromotionatretailerwithproduct .188 .060 .066 3.151 .002

SizeL_Page .117 .035 .077 3.382 .001

Nationalholiday
-.192 .044 -.087 -4.368 .000

LG10_Growthsellingstores
1.213 .193 .132 6.288 .000

Retailer_COOP
-.204 .039 -.137 -5.224 .000

Psycho logicalpriceIs9
-.094 .026 -.076 -3.626 .000

@#Raindays -.044 .009 -.126 -4.722 .000

PromoM _2for
-.188 .040 -.142 -4.692 .000

LG10_Purchasefrequencyofproduct -.275 .133 -.047 -2.058 .040

LG10_#Weekscomparablepromotionatnationalretailer .334 .086 .131 3.867 .000

Comparablepromotionatnationalretailerweekx1 .092 .037 .070 2.467 .014

LG10_#M M .054 .037 .041 1.442 .150

Summerholiday
-.048 .031 -.031 -1.567 .118

Retailer_EM TE
.013 .043 .008 .302 .763

Retailer_Hoogvliet -.012 .037 -.008 -.316 .752

Themeweek -.322 .058 -.179 -5.571 .000

Inter_EM TEVolumedisplayM eancenter -.149 .059 -.053 -2.518 .012

Inter_ThemeweekCOOP
.319 .090 .082 3.541 .000

Inter_ThemeweekHoogvliet .445 .085 .138 5.249 .000

(Constant) .535 .116 4.614 .000

The Prais-Winsten estimation method is used.

R egressio n C o eff icients

Unstandardized Coefficients

t Sig
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Table 44 Regression coefficients Ambient including interactions (6.ai) 

 
  

Standardized 

Coefficients

B Std. Error Beta

Relativepricediscount 2.196 .207 .427 10.616 .000

Centered_Volumedisplay .454 .038 .352 11.815 .000

LN_Previousliftfactor
.316 .031 .314 10.303 .000

LG10_Growthsellingstores
2.829 .240 .286 11.809 .000

Retailer_COOP
-.294 .035 -.235 -8.349 .000

PlaceL_Front .071 .035 .062 2.013 .045

Nationalholiday
-.169 .052 -.091 -3.230 .001

PromoM _M ultibuy
.068 .037 .065 1.830 .068

@#Raindays -.019 .007 -.068 -2.503 .013

Comparablepromotionatnationalretailerweekx .093 .034 .085 2.778 .006

Centered_Temperature
.004 .004 .044 1.087 .277

Brand_Chocomel
-.059 .052 -.048 -1.122 .262

Brand_Fristi .177 .089 .066 1.976 .049

Season_Summer
-.040 .051 -.034 -.794 .428

Retailer_EM TE
-.030 .045 -.019 -.652 .514

Retailer_Plus .155 .046 .104 3.387 .001

Season_Autumn
-.038 .045 -.031 -.847 .398

Themeweek .151 .040 .106 3.762 .000

Inter_ThemeweekPlus -.653 .115 -.163 -5.657 .000

Inter_SummerFristi -.128 .153 -.027 -.841 .401

Inter_AutumnChocomel .192 .067 .114 2.854 .005

Inter_COOPCentered_Volumedisplay -.285 .082 -.089 -3.473 .001

Inter_EM TECentered_Volumedisplay -.345 .092 -.098 -3.739 .000

Inter_PlusCentered_Volumedisplay -.524 .190 -.075 -2.760 .006

Inter_FristiCentered_Temperature -.067 .016 -.109 -4.147 .000

Inter_ChocomelCentered_Temperature -.028 .005 -.163 -5.153 .000

(Constant) .709 .095 7.482 .000

The Prais-Winsten estimation method is used.

R egressio n C o eff ic ients

Unstandardized Coefficients

t Sig
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Table 45 Regression coefficients Fresh without Mona including interactions (7.ai) 

 
  

Standardized 

Coefficients

B Std. Error Beta

LN_Previousliftfactor
.334 .019 .337 17.833 .000

Centered_Volumedisplay
.431 .025 .384 17.474 .000

LN_#Productsinpromotion
-.224 .020 -.239 -11.140 .000

LG10_Growthsellingstores
1.426 .142 .190 10.041 .000

Relativepricediscount
1.289 .118 .206 10.926 .000

PlaceL_Back .214 .046 .081 4.697 .000

LG10_Purchasefrequencyofproduct -.614 .085 -.139 -7.248 .000

PlaceL_Front .200 .035 .102 5.675 .000

Nationalholiday
-.073 .035 -.035 -2.105 .035

Volumesoldtohouseho ldingswithchildren 2.346 .396 .110 5.923 .000

Retailer_COOP
-.220 .038 -.136 -5.797 .000

Display .142 .025 .106 5.760 .000

Savingcampaign
.059 .020 .051 2.876 .004

Otherspecialday -.123 .039 -.051 -3.191 .001

Retailer_Plus -.048 .032 -.030 -1.506 .132

@#Promotionsproductpreviousyear .025 .005 .110 5.500 .000

Promopressurebrandatretailer -.092 .095 -.020 -.969 .333

PromoM _2plus1
.213 .068 .055 3.121 .002

PromoM _M ultibuy
-.294 .059 -.085 -4.957 .000

Volume -.279 .043 -.109 -6.478 .000

Comparablepromotionatnationalretailerweekx1 .062 .024 .052 2.591 .010

Category_JuicesCooled
.396 .035 .310 11.342 .000

PromoM _2for
-.066 .028 -.052 -2.357 .019

PromoM _2ndhalfprice
-.128 .039 -.062 -3.263 .001

Summerholiday
-.060 .026 -.041 -2.342 .019

SizeL_Large .035 .024 .026 1.430 .153

Retailer_EM TE .069 .036 .041 1.934 .053

Themeweek -.025 .024 -.019 -1.063 .288

Retailer_Hoogvliet -.059 .029 -.050 -2.021 .043

Inter_COOPCentered_Volumedisplay -.326 .057 -.099 -5.705 .000

Inter_PlusCentered_Volumedisplay -.234 .069 -.057 -3.384 .001

Inter_EM TECentered_Volumedisplay -.400 .059 -.128 -6.832 .000

Inter_ThemeweekCOOP
.315 .084 .067 3.732 .000

(Constant) .128 .193 .666 .506

The Prais-Winsten estimation method is used.

R egressio n C o eff ic ients

Unstandardized Coefficients

t Sig
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Table 46 Regression coefficients Fresh with Mona including interactions (8.ai) 

 
  

Standardized 

Coefficients

B Std. Error Beta

LN_Previousliftfactor .409 .016 .413 26.191 .000

Volumedisplay .359 .022 .265 16.585 .000

LG10_Purchasefrequencyofproduct -.647 .091 -.124 -7.106 .000

Relativepricediscount
.920 .104 .124 8.855 .000

LN_#Productsinpromotion
-.142 .018 -.123 -7.814 .000

LG10_Growthsellingstores
1.685 .145 .186 11.612 .000

@#Promotionsproductpreviousyear .035 .004 .129 8.558 .000

Retailer_COOP
-.027 .049 -.013 -.558 .577

Display .161 .023 .093 6.983 .000

Retailer_EM TE
.388 .052 .175 7.517 .000

PhychologicalpriceIsodd -.029 .016 -.024 -1.796 .073

PlaceL_Front .147 .030 .066 4.840 .000

PlaceL_Back .051 .042 .018 1.230 .219

Brand_Boerenland -.178 .055 -.048 -3.224 .001

LN_Baseline .014 .012 .030 1.168 .243

Retailer_Hoogvliet
.062 .047 .040 1.323 .186

PromoM _M ultibuy
-.335 .059 -.073 -5.704 .000

Temperature .011 .003 .083 4.151 .000

Summerholiday
-.192 .034 -.100 -5.706 .000

PromoM _2ndhalfprice
-.259 .041 -.093 -6.313 .000

SizeL_Page .141 .030 .074 4.632 .000

Nationalho liday
-.122 .038 -.045 -3.208 .001

PromoM _2for
-.123 .029 -.069 -4.280 .000

Volume -.425 .037 -.196 -11.610 .000

Category_JuicesCooled
.350 .037 .186 9.440 .000

PromoM _2plus1 .152 .080 .025 1.892 .059

Comparablepromotionatnationalretailerweekx1 .096 .026 .057 3.701 .000

Promotionwithsimilarbrandatnationalretailerweekx .042 .019 .029 2.206 .027

Retailer_Plus -.026 .036 -.015 -.719 .472

Centered_Promopressure .086 .115 .016 .745 .457

Season_Winter -.013 .040 -.006 -.317 .751

Brand_Campina -.043 .045 -.021 -.948 .343

Season_Autumn -.067 .033 -.042 -2.031 .042

Themeweek -.022 .023 -.012 -.954 .340

Inter_COOPVolumedisplay -.305 .053 -.095 -5.787 .000

Inter_EM TEVolumedisplay -.309 .052 -.105 -5.898 .000

Inter_PlusPromoprM eancenter -.665 .159 -.068 -4.183 .000

Inter_WinterCampina .266 .082 .044 3.244 .001

Inter_AutumnCampina .109 .054 .035 2.020 .044

Inter_ThemeweekCOOP .310 .080 .054 3.861 .000

(Constant) .608 .133 4.571 .000

The Prais-Winsten estimation method is used.

R egressio n C o eff ic ients

Unstandardized Coefficients

t Sig
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Table 47 Regression coefficients Mona including interactions (9.ai) 

  
 
  

Standardized 

Coefficients

B Std. Error Beta

LN_Previousliftfactor
.441 .027 .457 16.362 .000

Volumedisplay
.216 .034 .158 6.312 .000

LG10_#Weekssincepreviouspromotionatretailerwithproduct -.408 .074 -.190 -5.521 .000

Display .235 .056 .097 4.221 .000

Retailer_EM TE .649 .079 .303 8.255 .000

LG10_Growthsellingstores
1.893 .243 .215 7.802 .000

Season_Winter
-.256 .052 -.163 -4.910 .000

@#Promotionsproductpreviousyear .029 .008 .130 3.655 .000

Retailer_Hoogvliet .275 .061 .193 4.503 .000

SizeL_Page .201 .041 .155 4.854 .000

M agazine .450 .109 .095 4.123 .000

Season_Autumn
-.206 .055 -.150 -3.750 .000

Volumesoldtohouseho ldingswithchildren 12.839 2.490 .132 5.157 .000

PlaceL_Front .108 .045 .067 2.404 .017

LN_Baseline .048 .021 .085 2.244 .025

Season_Summer
-.202 .053 -.137 -3.827 .000

PromoM _2ndhalfprice .058 .084 .021 .691 .490

Promotionwithsimilarbrandatnationalretailerweekx1 -.024 .036 -.017 -.666 .506

Retailer_COOP
-.197 .067 -.095 -2.938 .003

Themeweek .026 .053 .016 .496 .620

LG10_#Weekscomparablepromotionatsameretailer .047 .050 .024 .943 .346

Inter_ThemeweekCOOP
.528 .133 .115 3.966 .000

Inter_ThemeweekHoogvliet .165 .097 .045 1.693 .091

Inter_ThemeweekEM TE .525 .166 .082 3.166 .002

(Constant) -4.164 .955 -4.362 .000

The Prais-Winsten estimation method is used.

R egressio n C o eff icients

Unstandardized Coefficients

t Sig
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Table 48 Regression coefficients Albert Heijn including interactions (10.ai) 

 
  

Standardized 

Coefficients

B Std. Error Beta

LN_Previousliftfactor
.323 .022 .320 14.930 .000

Volumedisplay
.530 .027 .378 19.268 .000

Promopressurebrandatretailer .696 .142 .118 4.894 .000

LG10_Growthsellingstores
2.394 .284 .132 8.446 .000

Relativepricediscount
1.462 .179 .142 8.167 .000

LN_#Productsinpromotion -.171 .022 -.146 -7.771 .000

Display .131 .031 .070 4.163 .000

LG10_Purchasefrequencyofproduct -.950 .135 -.160 -7.024 .000

Otherspecialday
-.197 .040 -.082 -4.947 .000

Promotionwithsimilarbrandatnationalr

etailerweekx1
.165 .022 .137 7.576 .000

@#Promotionsproductpreviousyear .053 .006 .227 9.606 .000

Category_DairyDrinksFresh -.219 .032 -.151 -6.879 .000

PromoM _2plus1 .130 .043 .055 3.040 .002

Savingcampaign -.145 .027 -.108 -5.285 .000

Nationalholiday -.162 .037 -.074 -4.336 .000

Brand_Fristi .522 .147 .058 3.551 .000

Themeweek -.086 .031 -.048 -2.737 .006

TVsupport .139 .028 .093 4.892 .000

Season_Summer
-.056 .035 -.038 -1.573 .116

Category_JuicesCooled
.162 .034 .084 4.816 .000

Centered_Temperature
-.004 .003 -.042 -1.739 .083

Brand_Campina
-.005 .041 -.002 -.126 .900

Inter_CampinaCentered_Temperature
.021 .007 .049 2.963 .003

(Constant) .297 .116 2.570 .010

The Prais-Winsten estimation method is used.

R egressio n C o eff icients

Unstandardized Coefficients

t Sig
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Table 49 Regression coefficients Albert Heijn Dairy Eat including interactions (11.ai) 

 

 
  

Standardized 

Coefficients

B Std. Error Beta

LN_Previousliftfactor
.275 .032 .270 8.693 .000

Volumedisplay
.512 .043 .290 12.045 .000

LG10_Growthsellingstores
2.665 .385 .134 6.915 .000

LG10_#Weekssincepreviouspromotionatretailerwithproduct
-.156 .053 -.071 -2.965 .003

Promotionwithsimilarbrandatnationalretailerweekx1 .283 .037 .207 7.758 .000

LG10_#Weekscomparablepromotionatsameretailer .183 .056 .068 3.251 .001

Display .194 .044 .090 4.365 .000

@#Promotionsproductpreviousyear .071 .009 .232 8.055 .000

Savingcampaign
-.319 .045 -.230 -7.075 .000

Volume -.393 .067 -.166 -5.840 .000

Summerholiday
-.286 .052 -.139 -5.524 .000

SizeL_Page .184 .048 .118 3.845 .000

LG10_Purchasefrequencyofproduct -.588 .204 -.084 -2.887 .004

Nationalholiday
-.169 .053 -.073 -3.166 .002

SizeL_Small .209 .064 .078 3.263 .001

LN_#Productsinpromotion
-.120 .032 -.095 -3.714 .000

TVsupport .155 .041 .100 3.750 .000

Season_Winter
.128 .044 .068 2.878 .004

PlaceL_Front -.188 .077 -.064 -2.439 .015

(Constant) .966 .133 7.252 .000

R egressio n C o eff icients

Unstandardized Coefficients

t Sig

The Prais-Winsten estimation method is used.
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Table 50 Regression coefficients Fast movers including interactions (12.ai) 

 
  

Standardized 

Coefficients

B Std. Error Beta

LN_Previousliftfactor .337 .015 .338 22.050 .000

Relativepricediscount 1.644 .096 .233 17.192 .000

LN_#Productsinpromotion -.170 .017 -.136 -9.809 .000

Brand_M ona .347 .025 .227 14.110 .000

Centered_Volumedisplay .496 .022 .363 22.106 .000

LG10_M in.shelflifeatretailerdc .208 .021 .152 9.700 .000

LG10_Growthsellingstores
1.128 .130 .102 8.679 .000

Brand_Coolbest
.097 .027 .048 3.541 .000

PlaceL_Front .193 .023 .107 8.241 .000

LG10_Purchasefrequencyofproduct -.885 .079 -.158 -11.255 .000

@#Promotionsproductpreviousyear .027 .004 .096 7.167 .000

PromoM _2ndhalfprice
-.154 .033 -.057 -4.671 .000

Retailer_EM TE .059 .030 .030 1.961 .050

Display .154 .026 .068 5.848 .000

PlaceL_Back .072 .031 .031 2.340 .019

Promopressurebrandatretailer -.381 .089 -.076 -4.297 .000

Comparablepromotionatnationalretailerweekx
.055 .017 .039 3.240 .001

SizeL_Page .094 .023 .054 4.049 .000

PhychologicalpriceIsodd
-.022 .014 -.018 -1.548 .122

Summerholiday
-.121 .027 -.069 -4.578 .000

Centered_Temperature
.003 .002 .022 1.247 .213

Retailer_Plus -.063 .025 -.037 -2.514 .012

LG10_#Weekscomparablepromotionatsameretailer
.035 .026 .018 1.323 .186

Nationalho liday
-.095 .031 -.038 -3.064 .002

Brand_Fristi .070 .072 .011 .975 .330

Brand_Campina
-.054 .031 -.025 -1.706 .088

Brand_Boerenland
-.271 .056 -.070 -4.882 .000

Retailer_COOP
-.228 .030 -.125 -7.553 .000

Retailer_Hoogvliet
-.048 .026 -.032 -1.815 .070

Season_Winter
-.027 .033 -.013 -.823 .410

Season_Autumn
-.058 .026 -.038 -2.193 .028

Themeweek .003 .020 .002 .133 .894

Inter_FristiCentered_Temperature -.035 .015 -.025 -2.341 .019

Inter_M onaCentered_Temperature .005 .003 .024 2.022 .043

Inter_COOPVolumedisplayM eancenter -.458 .046 -.122 -10.034 .000

Inter_EM TEVolumedisplayM eancenter -.450 .046 -.121 -9.681 .000

Inter_P lusVolumedisplayM eancenter -.426 .057 -.085 -7.446 .000

Inter_HoogvlietVolumedisplayM eancenter -.235 .044 -.069 -5.374 .000

Inter_AutumnBoerenland .081 .088 .011 .916 .360

Inter_WinterCampina .163 .073 .025 2.224 .026

Inter_ThemeweekCOOP .145 .059 .031 2.463 .014

(Constant) .795 .088 9.056 .000

The Prais-Winsten estimation method is used.

R egressio n C o eff icients

Unstandardized Coefficients

t Sig
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Table 51 Regression coefficients Slow movers including interactions (13.ai) 

 
 
 

  

Standardized 

Coefficients

B Std. Error Beta

LN_Previousliftfactor .305 .029 .294 10.366 .000

LN_#Productsinpromotion -.201 .029 -.194 -6.858 .000

LG10_Growthsellingstores 3.976 .255 .498 15.581 .000

Centered_Volumedisplay .435 .078 .249 5.607 .000

Relativepricediscount 1.228 .200 .171 6.141 .000

Category_DairyDrinksFresh -.464 .065 -.260 -7.134 .000

Retailer_COOP -.585 .072 -.288 -8.126 .000

Display .164 .038 .108 4.259 .000

Promotionwithsimilarbrandatnationalretailerweekx1 .172 .033 .126 5.248 .000

Nationalholiday
-.256 .065 -.087 -3.940 .000

Category_JuicesAmbient
.430 .060 .206 7.115 .000

PromoM _2ndhalfprice
-.242 .055 -.110 -4.366 .000

Otherspecialday
-.276 .082 -.075 -3.386 .001

TVsupport .113 .052 .056 2.176 .030

Phycho logicalpriceIsodd
-.102 .030 -.079 -3.446 .001

Summerholiday
-.163 .057 -.082 -2.833 .005

M arketsharebrandatretailerincategoryPLBranded .770 .199 .164 3.878 .000

Promotionpriceperunit
-.154 .089 -.049 -1.717 .087

PlaceL_Front .184 .052 .100 3.520 .000

@#Promotionsproductpreviousyear -.020 .009 -.066 -2.327 .020

Centered_Temperature
.010 .004 .071 2.307 .022

Brand_Campina
-.193 .080 -.068 -2.408 .017

PlaceL_Back .205 .058 .081 3.499 .001

Brand_Chocomel -.066 .072 -.029 -.919 .359

Retailer_Plus -.146 .057 -.095 -2.552 .011

Retailer_Hoogvliet
.069 .062 .044 1.101 .271

Promopressurebrandatretailer .045 .153 .009 .295 .768

Retailer_EM TE .240 .119 .097 2.022 .044

Inter_ChocomelCentered_Temperature -.022 .008 -.058 -2.649 .008

Inter_CampinaCenteredTemperature -.010 .010 -.023 -1.003 .317

Inter_PlusVolumedisplayM eancenter -.283 .109 -.076 -2.598 .010

Inter_HoogvlietVo lumedisplayM eancenter -.396 .124 -.115 -3.197 .002

Inter_EM TEPromopressurebrandatretailer -1.045 .328 -.151 -3.182 .002

(Constant) 1.039 .180 5.760 .000

The Prais-Winsten estimation method is used.

R egressio n C o eff icients

Unstandardized Coefficients

t Sig
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Appendix 13 – Changing the variables in the model  

In this section, for several variables removed during the modelling because of multicollinearity issues, 
it is tested whether those variables significantly explain the lift factor and improve performance.  
 
Table 52 Volume instead of Centered_LG10_Min.shelflife in complete model (1.ai) without previous 
lift factor 

 

Standardized 

Coefficients

B Std. Error Beta

Relativepricediscount 1.539 .114 .214 13.458 .000

LN_#Productsinpromotion -.134 .019 -.107 -6.899 .000

Volumedisplay .544 .022 .409 25.290 .000

LG10_Growthsellingstores 2.196 .144 .238 15.263 .000

Retailer_COOP .012 .041 .006 .287 .774

PlaceL_Front .246 .032 .121 7.786 .000

Category_JuicesCooled .162 .039 .073 4.116 .000

Display .236 .026 .130 9.146 .000

LG10_Purchasefrequencyofproduct -1.768 .087 -.323 -20.274 .000

PromoM _2ndhalfprice -.256 .042 -.088 -6.057 .000

Retailer_EM TE .568 .046 .251 12.436 .000

@#Promotionsproductpreviousyear .038 .004 .126 8.477 .000

PlaceL_Back .201 .039 .076 5.182 .000

Volume -.215 .030 -.114 -7.266 .000

Comparablepromotionatnationalretailerweekx .071 .024 .045 2.992 .003

Brand_Boerenland -.203 .061 -.049 -3.341 .001

LN_Baseline .029 .009 .060 3.298 .001

Otherspecialday -.056 .050 -.015 -1.126 .260

Season_Autumn -.063 .038 -.035 -1.632 .103

Season_Winter -.052 .047 -.022 -1.101 .271

Brand_Campina -.190 .049 -.078 -3.911 .000

Brand_Fristi .321 .093 .048 3.464 .001

Summerholiday -.145 .039 -.070 -3.704 .000

Phycho logicalpriceIsodd -.049 .018 -.038 -2.757 .006

PromoM _2for -.108 .035 -.053 -3.082 .002

Centered_Temperature .003 .003 .024 1.130 .259

Nationalholiday -.091 .045 -.031 -2.036 .042

PromoM _M ultibuy .281 .037 .126 7.497 .000

Promotionwithsimilarbrandatnationalretailerweekx -.026 .022 -.017 -1.175 .240

TVsupport .022 .036 .009 .620 .535

Inter_COOPVolumedisplay -.405 .053 -.150 -7.582 .000

Inter_EM TEVolumedisplay -.446 .055 -.163 -8.111 .000

Inter_AutumnCampina .005 .068 .001 .075 .940

Inter_WinterCampina .254 .102 .037 2.491 .013

Inter_FristiCentered_Temperature .012 .020 .008 .610 .542

(Constant) 1.163 .090 12.903 .000

The Prais-Winsten estimation method is used.

Unstandardized Coefficients

t Sig

R egressio n C o eff ic ients
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Table 53 LN_#Weeks since previous promotion at retailer with product instead #Promotions product 
previous year in complete model with interactions (1.ai) without previous lift factor 
 

 

  

Standardized 

Coefficients

B Std. Error Beta

Relativepricediscount 1.394 .115 .194 12.115 .000

LN_#Productsinpromotion -.108 .020 -.087 -5.323 .000

Volumedisplay .554 .022 .419 25.702 .000

Centered_LG10_M in.shelflifeatretailerdc .143 .027 .093 5.244 .000

LG10_Growthsellingstores 2.074 .145 .227 14.336 .000

Retailer_COOP -.010 .042 -.005 -.236 .813

PlaceL_Front .193 .033 .094 5.921 .000

Category_JuicesCooled .063 .040 .028 1.595 .111

Display .254 .026 .141 9.798 .000

LG10_Purchasefrequencyofproduct -1.789 .087 -.329 -20.555 .000

PromoM _2ndhalfprice -.332 .043 -.113 -7.633 .000

Retailer_EM TE .494 .046 .217 10.686 .000

LN_#Weeksuntilpreviouspromotionatretailerwithproduct -.057 .016 -.053 -3.698 .000

PlaceL_Back .143 .040 .053 3.553 .000

Comparablepromotionatnationalretailerweekx .104 .024 .066 4.277 .000

Brand_Boerenland -.282 .062 -.068 -4.576 .000

LN_Baseline .016 .009 .032 1.733 .083

Otherspecialday -.062 .051 -.016 -1.202 .230

Season_Autumn -.068 .040 -.037 -1.711 .087

Season_Winter -.049 .049 -.020 -.992 .321

Brand_Campina -.238 .049 -.098 -4.884 .000

Brand_Fristi .094 .094 .014 .999 .318

Summerholiday -.142 .040 -.067 -3.518 .000

Phycho logicalpriceIsodd -.048 .018 -.037 -2.640 .008

PromoM _2for -.107 .036 -.052 -3.006 .003

Centered_Temperature .003 .003 .019 .904 .366

Nationalholiday -.070 .046 -.023 -1.522 .128

PromoM _M ultibuy -.136 .056 -.060 -2.436 .015

Promotionwithsimilarbrandatnationalretailerweekx -.007 .023 -.004 -.295 .768

TVsupport .061 .037 .025 1.658 .097

Inter_COOPVolumedisplay -.449 .054 -.166 -8.341 .000

Inter_EM TEVolumedisplay -.496 .055 -.181 -8.988 .000

Inter_AutumnCampina -.022 .069 -.006 -.319 .750

Inter_WinterCampina .239 .104 .034 2.297 .022

Inter_M ulibuyCenteredshelf .288 .073 .108 3.955 .000

Inter_FristiCentered_Temperature .008 .020 .006 .416 .677

(Constant) 1.379 .100 13.798 .000

The Prais-Winsten estimation method is used.

Unstandardized Coefficients

t Sig

R egressio n C o eff icients
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Table 54 Retailer Hoogvliet instead of LN_Baseline in complete model with interactions (1.ai) 
without previous lift factor 
 

 

Standardized 

Coefficients

B Std. Error Beta

Relativepricediscount 1.295 .114 .180 11.391 .000

LN_#Productsinpromotion -.105 .020 -.084 -5.279 .000

Volumedisplay .547 .021 .413 25.556 .000

Centered_LG10_M in.shelflifeatretailerdc .176 .027 .115 6.576 .000

LG10_Growthsellingstores 2.044 .130 .223 15.675 .000

Retailer_COOP .006 .043 .003 .142 .887

PlaceL_Front .175 .033 .086 5.351 .000

Category_JuicesCooled .088 .039 .040 2.230 .026

Display .251 .026 .139 9.817 .000

LG10_Purchasefrequencyofproduct -1.757 .079 -.322 -22.117 .000

PromoM _2ndhalfprice -.300 .043 -.103 -7.020 .000

Retailer_EM TE .527 .048 .232 11.074 .000

@#Promotionsproductpreviousyear .040 .004 .135 9.046 .000

PlaceL_Back .125 .039 .047 3.175 .002

Comparablepromotionatnationalretailerweekx .101 .024 .064 4.187 .000

Brand_Boerenland -.205 .061 -.049 -3.343 .001

Retailer_Hoogvliet .014 .029 .009 .486 .627

Otherspecialday -.070 .050 -.019 -1.390 .165

Season_Autumn -.073 .039 -.040 -1.880 .060

Season_Winter -.054 .048 -.023 -1.127 .260

Brand_Campina -.161 .049 -.066 -3.283 .001

Brand_Fristi .123 .093 .018 1.321 .187

Summerholiday -.139 .040 -.066 -3.521 .000

Phycho logicalpriceIsodd -.043 .018 -.033 -2.388 .017

PromoM _2for -.133 .035 -.065 -3.789 .000

Centered_Temperature .002 .003 .015 .692 .489

Nationalholiday -.095 .045 -.031 -2.096 .036

PromoM _M ultibuy -.130 .055 -.058 -2.356 .019

Promotionwithsimilarbrandatnationalretailerweekx -.003 .023 -.002 -.149 .882

TVsupport .056 .037 .023 1.487 .137

Inter_COOPVolumedisplay -.436 .053 -.161 -8.166 .000

Inter_EM TEVolumedisplay -.475 .054 -.174 -8.726 .000

Inter_AutumnCampina -.029 .068 -.008 -.427 .669

Inter_WinterCampina .225 .103 .033 2.193 .028

Inter_M ulibuyCenteredshelf .297 .072 .111 4.109 .000

Inter_FristiCentered_Temperature .011 .020 .008 .575 .565

(Constant) 1.187 .073 16.210 .000

The Prais-Winsten estimation method is used.

Unstandardized Coefficients

t Sig

R egressio n C o eff ic ients
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Table 55 Complete model with interactions (1.ai) without relative price discount without previous lift 
factor including promomechanism_2plus1 
 

 

  

Standardized 

Coefficients

B Std. Error Beta

LN_#Productsinpromotion -.050 .021 -.040 -2.423 .015

Volumedisplay .531 .022 .406 24.363 .000

Centered_LG10_M in.shelflifeatretailerdc .190 .031 .122 6.211 .000

LG10_Growthsellingstores 2.126 .146 .235 14.576 .000

Retailer_COOP -.053 .043 -.026 -1.255 .210

PlaceL_Front .244 .034 .117 7.242 .000

Category_JuicesCooled .151 .041 .066 3.651 .000

Display .244 .026 .137 9.337 .000

LG10_Purchasefrequencyofproduct -1.950 .086 -.361 -22.609 .000

PromoM _2ndhalfprice -.340 .046 -.113 -7.427 .000

Retailer_EM TE .551 .047 .239 11.658 .000

@#Promotionsproductpreviousyear .048 .005 .161 10.582 .000

PlaceL_Back .187 .042 .069 4.509 .000

Comparablepromotionatnationalretailerweekx .115 .025 .071 4.526 .000

Brand_Boerenland -.131 .063 -.032 -2.081 .038

LN_Baseline .005 .009 .011 .556 .578

Otherspecialday -.068 .054 -.017 -1.256 .209

Season_Autumn -.093 .042 -.049 -2.228 .026

Season_Winter -.081 .052 -.032 -1.550 .121

Brand_Campina -.158 .051 -.064 -3.076 .002

Brand_Fristi -.016 .095 -.002 -.167 .868

Summerholiday -.146 .043 -.066 -3.404 .001

Phycho logicalpriceIsodd -.045 .019 -.035 -2.406 .016

PromoM _2for -.205 .037 -.098 -5.599 .000

Centered_Temperature .002 .003 .012 .547 .584

Nationalholiday -.104 .049 -.033 -2.131 .033

PromoM _M ultibuy -.088 .057 -.039 -1.547 .122

Promotionwithsimilarbrandatnationalretailerweekx -.012 .024 -.008 -.501 .617

TVsupport .017 .038 .007 .435 .664

Inter_COOPVolumedisplay -.441 .054 -.162 -8.109 .000

Inter_EM TEVolumedisplay -.439 .056 -.160 -7.862 .000

Inter_AutumnCampina -.035 .072 -.009 -.495 .620

Inter_WinterCampina .259 .107 .037 2.425 .015

Inter_M ulibuyCenteredshelf .364 .076 .134 4.779 .000

Inter_FristiCentered_Temperature .032 .020 .022 1.593 .111

PromoM _2plus1 .016 .060 .004 .259 .796

(Constant) 1.362 .093 14.651 .000

R egressio n C o eff icients

Unstandardized Coefficients

t Sig

The Prais-Winsten estimation method is used.
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Table 56 Absolute price discount instead of relative price discount in complete model with 
interactions (1.ai) without previous lift factor 
 

 

Standardized 

Coefficients

B Std. Error Beta

Abso lutediscount .570 .062 .135 9.171 .000

LN_#Productsinpromotion -.085 .020 -.068 -4.263 .000

Volumedisplay .541 .021 .411 25.202 .000

Centered_LG10_M in.shelflifeatretailerdc .196 .027 .127 7.128 .000

LG10_Growthsellingstores 2.075 .144 .227 14.418 .000

Retailer_COOP -.022 .042 -.010 -.519 .604

PlaceL_Front .229 .032 .111 7.093 .000

Category_JuicesCooled .067 .041 .030 1.642 .101

Display .244 .026 .136 9.462 .000

LG10_Purchasefrequencyofproduct -1.810 .087 -.333 -20.895 .000

PromoM _2ndhalfprice -.332 .043 -.113 -7.636 .000

Retailer_EM TE .539 .046 .236 11.696 .000

@#Promotionsproductpreviousyear .043 .004 .145 9.692 .000

PlaceL_Back .167 .040 .062 4.183 .000

Comparablepromotionatnationalretailerweekx .111 .024 .070 4.541 .000

Brand_Boerenland -.175 .062 -.042 -2.829 .005

LN_Baseline .010 .009 .020 1.062 .288

Otherspecialday -.068 .052 -.018 -1.318 .188

Season_Autumn -.073 .040 -.039 -1.828 .068

Season_Winter -.056 .049 -.023 -1.144 .253

Brand_Campina -.170 .050 -.070 -3.416 .001

Brand_Fristi .060 .094 .009 .643 .520

Summerholiday -.137 .041 -.064 -3.365 .001

Phycho logicalpriceIsodd -.041 .018 -.032 -2.263 .024

PromoM _2for -.160 .036 -.077 -4.482 .000

Centered_Temperature .002 .003 .015 .723 .469

Nationalholiday -.091 .046 -.030 -1.962 .050

PromoM _M ultibuy -.069 .056 -.031 -1.239 .215

Promotionwithsimilarbrandatnationalretailerweekx -.004 .023 -.002 -.170 .865

TVsupport .028 .037 .011 .762 .446

Inter_COOPVolumedisplay -.433 .054 -.160 -8.083 .000

Inter_EM TEVolumedisplay -.461 .055 -.168 -8.381 .000

Inter_AutumnCampina -.037 .069 -.010 -.528 .598

Inter_WinterCampina .247 .104 .036 2.378 .017

Inter_M ulibuyCenteredshelf .295 .073 .110 4.050 .000

Inter_FristiCentered_Temperature .018 .020 .012 .892 .372

(Constant) 1.199 .092 13.076 .000

The Prais-Winsten estimation method is used.

Sig

Unstandardized Coefficients

t

R egressio n C o eff ic ients
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Table 57 Difference with competitor sales price instead of relative price discount in complete model 
with interactions (1.ai) without previous lift factor3 

  
                                                      
3 The regression coefficient of difference with competitor sales price is negative since in the dataset, the formula 
promotion price at retailer X –competitor sales price is used. This indicates that a negative sign results in an 
increase of the lift factor. 

Standardized 

Coefficients

B Std. Error Beta

Differencesalespricewithnationalcompetito r -.415 .060 -.103 -6.933 .000

LN_#Productsinpromotion -.072 .020 -.058 -3.583 .000

Volumedisplay .532 .022 .404 24.630 .000

Centered_LG10_M in.shelflifeatretailerdc .197 .028 .128 7.114 .000

LG10_Growthsellingstores 2.098 .145 .230 14.485 .000

Retailer_COOP -.017 .042 -.008 -.393 .694

PlaceL_Front .223 .033 .108 6.808 .000

Category_JuicesCooled .086 .041 .038 2.094 .036

Display .242 .026 .135 9.319 .000

LG10_Purchasefrequencyofproduct -1.868 .087 -.344 -21.553 .000

PromoM _2ndhalfprice -.331 .044 -.112 -7.549 .000

Retailer_EM TE .553 .046 .242 11.905 .000

@#Promotionsproductpreviousyear .045 .005 .152 10.068 .000

PlaceL_Back .166 .040 .062 4.105 .000

Comparablepromotionatnationalretailerweekx .108 .025 .068 4.385 .000

Brand_Boerenland -.160 .062 -.039 -2.575 .010

LN_Baseline .014 .009 .029 1.550 .121

Otherspecialday -.063 .052 -.016 -1.204 .229

Season_Autumn -.080 .040 -.043 -1.979 .048

Season_Winter -.066 .050 -.027 -1.324 .186

Brand_Campina -.176 .050 -.072 -3.493 .000

Brand_Fristi .032 .094 .005 .335 .737

Summerholiday -.139 .041 -.064 -3.373 .001

Phycho logicalpriceIsodd -.045 .018 -.035 -2.447 .014

PromoM _2for -.167 .036 -.081 -4.637 .000

Centered_Temperature .002 .003 .013 .619 .536

Nationalholiday -.098 .047 -.032 -2.098 .036

PromoM _M ultibuy -.099 .056 -.044 -1.769 .077

Promotionwithsimilarbrandatnationalretailerweek

x
-.007 .023 -.005 -.307 .759

TVsupport .039 .037 .016 1.043 .297

Inter_COOPVolumedisplay -.429 .054 -.158 -7.958 .000

Inter_EM TEVolumedisplay -.446 .055 -.163 -8.067 .000

Inter_AutumnCampina -.032 .070 -.008 -.452 .652

Inter_WinterCampina .233 .105 .034 2.227 .026

Inter_M ulibuyCenteredshelf .345 .073 .128 4.714 .000

Inter_FristiCentered_Temperature .024 .020 .017 1.206 .228

(Constant) 1.188 .094 12.616 .000

The Prais-Winsten estimation method is used.

Unstandardized Coefficients

t Sig

R egressio n C o eff icients
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Table 58 Psychological price is 9 instead of psychological price is ending odd in complete model with 
interactions (1.ai) without previous lift factor 
 

 

 

Standardized 

Coefficients

B Std. Error Beta

Relativepricediscount 1.294 .114 .180 11.371 .000

LN_#Productsinpromotion -.109 .020 -.087 -5.399 .000

Volumedisplay .547 .021 .413 25.561 .000

Centered_LG10_M in.shelflifeatretailerdc .175 .027 .115 6.472 .000

LG10_Growthsellingstores 2.088 .143 .228 14.581 .000

Retailer_COOP -.003 .041 -.001 -.067 .947

PlaceL_Front .183 .032 .090 5.709 .000

Category_JuicesCooled .095 .039 .043 2.423 .015

Display .248 .026 .137 9.660 .000

LG10_Purchasefrequencyofproduct -1.788 .086 -.328 -20.744 .000

PromoM _2ndhalfprice -.317 .043 -.108 -7.400 .000

Retailer_EM TE .515 .045 .227 11.326 .000

@#Promotionsproductpreviousyear .040 .004 .133 8.899 .000

PlaceL_Back .134 .039 .051 3.421 .001

Comparablepromotionatnationalretailerweekx .103 .024 .065 4.295 .000

Brand_Boerenland -.207 .061 -.050 -3.371 .001

LN_Baseline .009 .009 .018 .943 .346

Otherspecialday -.073 .050 -.019 -1.443 .149

Season_Autumn -.068 .039 -.037 -1.745 .081

Season_Winter -.050 .048 -.021 -1.049 .294

Brand_Campina -.159 .049 -.065 -3.246 .001

Brand_Fristi .135 .093 .020 1.449 .148

Summerholiday -.139 .040 -.066 -3.497 .000

Psycho logicalpriceIs9 -.029 .021 -.020 -1.339 .181

PromoM _2for -.131 .035 -.064 -3.702 .000

Centered_Temperature .003 .003 .018 .855 .393

Nationalholiday -.086 .045 -.029 -1.913 .056

PromoM _M ultibuy -.123 .055 -.055 -2.237 .025

Promotionwithsimilarbrandatnationalretailerweekx .001 .023 .000 .027 .978

TVsupport .047 .036 .019 1.291 .197

Inter_COOPVolumedisplay -.439 .053 -.162 -8.255 .000

Inter_EM TEVolumedisplay -.467 .054 -.171 -8.578 .000

Inter_AutumnCampina -.044 .068 -.012 -.641 .521

Inter_WinterCampina .231 .102 .033 2.254 .024

Inter_M ulibuyCenteredshelf .286 .072 .107 3.951 .000

Inter_FristiCentered_Temperature .012 .020 .008 .594 .553

(Constant) 1.133 .093 12.205 .000

The Prais-Winsten estimation method is used.

Unstandardized Coefficients

t Sig

R egressio n C o eff ic ients
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Table 59 Model 1.ai with promotion mechanism multibuy (else SPO) only 

 

  

Standardized 

Coefficients

B Std. Error Beta

LN_Previousliftfactor .453 .014 .455 32.597 .000

Relativepricediscount 1.037 .093 .145 11.154 .000

LN_#Productsinpromotion -.123 .016 -.099 -7.608 .000

Volumedisplay .381 .019 .286 20.261 .000

Centered_LG10_M in.shelflifeatretailerdc .129 .021 .085 6.126 .000

LG10_Growthsellingstores 1.559 .121 .169 12.892 .000

Retailer_COOP .005 .035 .003 .154 .878

PlaceL_Front .204 .026 .101 7.774 .000

Category_JuicesCooled .137 .028 .063 4.947 .000

Display .170 .022 .093 7.787 .000

LG10_Purchasefrequencyofproduct -.914 .077 -.167 -11.889 .000

Retailer_EM TE .307 .039 .137 7.935 .000

@#Promotionsproductpreviousyear .021 .004 .070 5.515 .000

PlaceL_Back .151 .032 .058 4.662 .000

M ultibuy_elsethanSPO -.091 .020 -.061 -4.661 .000

Comparablepromotionatnationalretailerweekx .058 .020 .037 2.939 .003

Brand_Boerenland -.210 .051 -.050 -4.100 .000

LN_Baseline .012 .007 .026 1.697 .090

Otherspecialday -.071 .041 -.019 -1.709 .087

Season_Autumn -.076 .032 -.043 -2.381 .017

Season_Winter -.061 .039 -.027 -1.562 .118

Brand_Campina -.157 .041 -.065 -3.852 .000

Brand_Fristi .088 .079 .013 1.123 .262

Summerholiday -.127 .032 -.062 -3.924 .000

Phycho logicalpriceIsodd -.027 .015 -.021 -1.800 .072

Centered_Temperature .004 .002 .029 1.676 .094

Nationalholiday -.132 .037 -.045 -3.548 .000

Promotionwithsimilarbrandatnationalretailerweekx .037 .019 .024 2.011 .044

TVsupport .079 .030 .033 2.680 .007

Inter_COOPVolumedisplay -.269 .045 -.099 -5.975 .000

Inter_EM TEVolumedisplay -.318 .046 -.116 -6.860 .000

Inter_AutumnCampina .151 .057 .041 2.660 .008

Inter_WinterCampina .281 .086 .041 3.280 .001

Inter_FristiCentered_Temperature -.021 .017 -.014 -1.235 .217

(Constant) .537 .076 7.050 .000

The Prais-Winsten estimation method is used.

R egressio n C o eff ic ients

Unstandardized Coefficients

t Sig
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Table 60 Mona added to complete model with interactions (1.ai) without previous lift factor 

 

  

Standardized 

Coefficients

B Std. Error Beta

Relativepricediscount 1.611 .102 .225 15.722 .000

LN_#Productsinpromotion -.082 .017 -.068 -4.721 .000

Volumedisplay .523 .020 .377 26.272 .000

Centered_LG10_M in.shelflifeatretailerdc .380 .025 .265 15.117 .000

LG10_Growthsellingstores 2.285 .133 .237 17.126 .000

Retailer_COOP .016 .037 .008 .430 .667

PlaceL_Front .131 .026 .069 4.953 .000

Category_JuicesCoo led .176 .033 .086 5.400 .000

Display .262 .024 .137 10.843 .000

LG10_Purchasefrequencyofproduct -1.058 .088 -.189 -12.032 .000

PromoM _2ndhalfprice -.252 .035 -.094 -7.183 .000

Retailer_EM TE .514 .040 .239 12.847 .000

@#Promotionsproductpreviousyear .039 .004 .133 9.933 .000

PlaceL_Back .086 .032 .035 2.668 .008

Brand_M ona .546 .025 .345 21.579 .000

Comparablepromotionatnationalretailerweekx .057 .020 .039 2.881 .004

Brand_Boerenland -.020 .056 -.005 -.357 .721

LN_Baseline -.001 .008 -.003 -.171 .864

Otherspecialday -.055 .040 -.016 -1.383 .167

Season_Autumn -.098 .030 -.062 -3.251 .001

Season_Winter -.108 .037 -.053 -2.896 .004

Brand_Campina .080 .043 .034 1.863 .063

Brand_Fristi .110 .085 .016 1.296 .195

Summerholiday -.167 .031 -.092 -5.453 .000

PhychologicalpriceIsodd -.041 .016 -.032 -2.600 .009

PromoM _2for -.060 .029 -.032 -2.082 .037

Centered_Temperature .002 .002 .013 .709 .478

Nationalholiday -.116 .035 -.044 -3.295 .001

PromoM _M ultibuy -.025 .048 -.012 -.520 .603

Promotionwithsimilarbrandatnationalretailerweekx .011 .019 .008 .615 .539

TVsupport .021 .029 .009 .721 .471

Inter_COOPVolumedisplay -.463 .049 -.172 -9.427 .000

Inter_EM TEVolumedisplay -.436 .050 -.161 -8.706 .000

Inter_AutumnCampina .002 .058 .001 .033 .973

Inter_WinterCampina .278 .089 .041 3.136 .002

Inter_M ulibuyCenteredshelf .257 .061 .102 4.184 .000

Inter_FristiCentered_Temperature -.005 .018 -.004 -.297 .766

(Constant) .761 .082 9.328 .000

The Prais-Winsten estimation method is used.

Unstandardized Coefficients

t Sig

R egressio n C o eff icients
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Table 61 Results of validation set complete model (1.ai) with and without Mona4 

  

Table 62 Results of validation complete model (1.ai) with and without interaction Campina - sports 
events 

  

                                                      
4 Note that the regression coefficients presented in Table 60 are without variable previous lift factor while the 
results in this Table are based on the model (1.ai) including previous lift factor 

Model Description RMSE LF

RMSE 

LF/Avr LF RMSE PQ

RMSE 

PQ/Avr 

PQ MAPE MAD

MAD/Avr 

PQ Bias

#Cases 

validation Avr PQ Avr LF

1.ai Complete incl. interactions 1.93 0.35 11,109 0.51 26.68% 4,410 0.20 0.87% 1087 21,775 5.49

1.ai+adj 

Complete incl. interactions + 

Mona 1.93 0.35 11,376 0.52 25.76% 4,475 0.21 8.91% 1087 21,775 5.49

Dataset Validation Prais Winsten

Model Description RMSE LF

RMSE 

LF/Avr LF RMSE PQ

RMSE 

PQ/Avr 

PQ MAPE MAD

MAD/Avr 

PQ Bias

#Cases 

validation Avr PQ Avr LF

1.ai Complete incl. interactions 1.93 0.35 11,109 0.51 26.68% 4,410 0.20 0.87% 1087 21,775 5.49

1.ai+adj 

Complete incl. interactions + 

interactions 

CampinaSportsevent 2.06 11,241 0.52 25.68% 4,668 0.21 13.49% 1087 21,775 5.49

Dataset Validation Prais Winsten
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Appendix 14 – Albert Heijn Dairy # Second placements vs %Volume sold 

in stores with display 

In this section, the difference in model performance is shown for the Albert Heijn set by adding the 
number of bacarellas, i.e. the number of second placements, instead of the variable percentage volume 
generally sold in stores with display. 
 
Table 63 Model results including # second placements ("#Banca") 
 

 
 

 
  

R R Square

Adjusted R 

Square

Std. Error of 

the Estimate

Durbin-

Watson

.925 .856 .850 .211 2.035

M o del F it  Summary

The Prais-Winsten estimation method is used.

Standardized 

Coefficients

B Std. Error Beta

LN_Previousliftfactor .322 .022 .332 14.523 .000

#Banca .001 .000 .421 18.197 .000

LG10_Growthsellingstores 2.195 .293 .135 7.501 .000

@#Promotionsproductpreviousyear .053 .005 .256 11.809 .000

Promotionwithsimilarbrandatnationalretailerweekx1 .186 .025 .147 7.285 .000

Category_DairyDrinksAmbient .281 .042 .129 6.683 .000

PromoM _2ndhalfprice -.231 .036 -.155 -6.473 .000

Display .184 .032 .111 5.802 .000

LN_Baseline -.106 .018 -.146 -5.861 .000

Otherspecialday -.242 .051 -.087 -4.770 .000

Summerholiday -.246 .038 -.130 -6.404 .000

Volume -.511 .046 -.245 -11.059 .000

Absolutediscount .501 .123 .077 4.077 .000

Nationalholiday -.221 .053 -.080 -4.145 .000

TVsupport .127 .037 .086 3.445 .001

Savingcampaign -.182 .035 -.132 -5.270 .000

Themeweek -.089 .035 -.050 -2.584 .010

SizeL_Page .161 .046 .101 3.525 .000

SizeL_Small .167 .061 .053 2.758 .006

PlaceL_Front -.173 .060 -.067 -2.871 .004

(Constant) 1.347 .169 7.986 .000

t Sig

The Prais-Winsten estimation method is used.

Unstandardized Coefficients

R egressio n C o eff icients
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Table 64 Model results including %Volume sold in stores with display 
 

 
 

 
 

  

R R Square
Adjusted R 

Square
Std. Error of 
the Estimate

Durbin-
Watson

,912 ,832 ,825 ,232 2,018

Model Fit Summary

The Prais-Winsten estimation method is used.

Standardized 

Coefficients

B Std. Error Beta

LN_Previousliftfactor .334 .024 .342 13.679 .000

Volumedisplay .505 .036 .344 13.845 .000

LG10_Growthsellingstores 2.703 .317 .164 8.514 .000

@#Promotionsproductpreviousyear .050 .005 .241 10.161 .000

Promotionwithsimilarbrandatnationalretailerweekx1 .196 .028 .156 7.100 .000

Category_DairyDrinksAmbient .273 .046 .124 5.928 .000

PromoM _2ndhalfprice -.204 .038 -.138 -5.299 .000

Display .166 .035 .100 4.773 .000

LN_Baseline -.059 .019 -.080 -3.044 .002

Otherspecialday -.229 .054 -.083 -4.206 .000

Summerholiday -.241 .041 -.129 -5.841 .000

Volume -.476 .051 -.228 -9.391 .000

Abso lutediscount .438 .135 .067 3.251 .001

Nationalholiday -.222 .057 -.081 -3.883 .000

TVsupport .173 .040 .117 4.354 .000

Savingcampaign -.195 .037 -.143 -5.254 .000

Themeweek -.121 .037 -.068 -3.267 .001

SizeL_Page .129 .049 .081 2.615 .009

SizeL_Small .157 .065 .051 2.405 .017

PlaceL_Front -.207 .065 -.081 -3.204 .001

(Constant) .948 .180 5.254 .000

The Prais-Winsten estimation method is used.

Unstandardized Coefficients

t Sig

R egressio n C o eff icients



Page 148 
 

Appendix 15 – Interactions 

In this appendix, an overview of the interactions tested can be found. Many possible interactions can 
be obtained based on theoretical foundation and analysis of the results of the sub models. However, 
the number of interactions tested is limited as can be concluded from Table 65 that presents the 
interactions tested. 
 
The significance of the interactions listed in Table 65 is individually tested in all models with main 
effects only. Based on these results, all significant interactions are together added to the model. This 
resulted in the insignificance of some interactions which can be explained by the fact that the variance 
explained is already (better) explained by another variable in the model. In addition, due to multi 
collinearity issues some interactions are removed. While doing this, the variable kept in the model is 
the one through which most variance is explained. This has resulted in the models including 
interactions. It should be noted that the main effect is always kept in the model when it is part of the 
interaction as it increases interpretability.  
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Table 65 Result of adding each interaction separately to the complete model 

  
 
  

Combinations of interactions tested  

Variable 1 Variable 2

Brand_Boerenland Temperature*

Brand_Campina Temperature*

Brand_Chocomel Temperature*

Brand_Coolbest Temperature*

Brand_Dubbelfrisss Temperature*

Brand_Fristi Temperature*

Brand_Mona Temperature*

Retailer_COOP Volumedisplay*

Retailer_EMTE Volumedisplay*

Retailer_Hoogvliet Volumedisplay*

Retailer_Plus Volumedisplay*

Retailer_COOP Promopressure brand at retailer*

Retailer_EMTE Promopressure brand at retailer*

Retailer_Hoogvliet Promopressure brand at retailer*

Retailer_Plus Promopressure brand at retailer*

Retailer_COOP Brand_Mona

Retailer_EMTE Brand_Mona

Retailer_Hoogvliet Brand_Mona

Retailer_Plus Brand_Mona

Brand_Mona Season_Winter

Brand_Mona Season_Autumn

Brand_Mona Season_Summer

Brand_Chocomel Season_Winter

Brand_Chocomel Season_Autumn

Brand_Chocomel Season_Summer

Brand_Boerenland Season_Winter

Brand_Boerenland Season_Autumn

Brand_Boerenland Season_Summer

Brand_Campina Season_Winter

Brand_Campina Season_Autumn

Brand_Campina Season_Summer

Brand_Coolbest Season_Winter

Brand_Coolbest Season_Autumn

Brand_Coolbest Season_Summer

Brand_Dubbelfrisss Season_Winter

Brand_Dubbelfrisss Season_Autumn

Brand_Dubbelfrisss Season_Summer

Brand_Fristi Season_Winter

Brand_Fristi Season_Autumn

Brand_Fristi Season_Summer

Retailer_COOP Themeweek

Retailer_EMTE Themeweek

Retailer_Hoogvliet Themeweek

Retailer_Plus Themeweek

Themeweek Psycholigical price odd

LG10_Min. Shelf life* PromoM_Multibuuy

Brand_Mona SizeL_Page

Brand_Campina Sportsevent

*Those variables are included mean centered in the models where 

problems with multicollineairty occurred
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Appendix 16 – Brand Mona & Seasonality 

It can be concluded from the sub model of Mona Table 32 of Appendix 7 that seasons are important in 
predicting the lift factor. Within the company, it is perceived that Mona is sold better during drizzling 
weather. This is further investigated based on the observation that compared to the reference season 
spring. All seasons seem have a negative effect compared to spring for the lift factor. Drizzling 
weather is mainly expected in autumn and winter season. When the perception of the company is 
right, a lower lift factor is possible when the base in these periods is higher. In terms of absolute sales, 
the claim can still be right.  
 
To approximate the baseline sales, the total sales per week are used while promotion weeks are 
excluded from analysis. Figure 27, Figure 28 and Figure 29 show the sales base pattern over the years 
based on shopper demand. Generally, season winter starts at week 51 and ends week 12, spring is 
from week 1 32 to 25, summer from week 25 to 38 and autumn from week 38 to 51. 
 
It can be concluded that no clear increase in the baseline sales is visible during the seasons autumn 
and winter that could explain the negative sign for these seasons in the model. Based on the current 
results, no evidence is found for the claim that Mona is sold during these periods. 
 

 
Figure 27 Total sales per week EMTE, missing data is visible in promotion weeks 
 

 
Figure 28 Total sales per week Hoogvliet, missing data is visible in promotion weeks 
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Figure 29 Total sales per week Plus, missing data is visible in promotion weeks 
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Appendix 17 – Robustness 

In this Appendix, the results related to the robustness of the model are presented. 
 
Table 66 Regression coefficients reduced complexity model 1x 

 
 
 
Table 67 Regression coefficients reduced complexity model 2x 

 

Standardized 

Coefficients

B Std. Error Beta

LN_Previousliftfactor .504 .014 .507 35.850 .000

Relativepricediscount 1.165 .092 .162 12.619 .000

Volumedisplay .439 .019 .342 23.142 .000

LG10_Growthsellingstores 1.359 .114 .153 11.905 .000

Retailer_COOP .028 .037 .013 .762 .446

LG10_Purchasefrequencyofproduct -.877 .074 -.164 -11.893 .000

Retailer_EM TE .237 .039 .100 6.007 .000

Inter_COOPVolumedisplay -.266 .047 -.097 -5.647 .000

Inter_EM TEVolumedisplay -.290 .047 -.105 -6.106 .000

(Constant) .421 .041 10.303 .000

The Prais-Winsten estimation method is used.

R egressio n C o eff icients

Unstandardized Coefficients

t Sig

Standardized 

Coefficients

B Std. Error Beta

LN_Previousliftfactor .444 .014 .446 31.694 .000

Relativepricediscount 1.058 .095 .147 11.175 .000

LN_#Productsinpromotion -.110 .017 -.088 -6.614 .000

Volumedisplay .388 .019 .294 20.725 .000

Centered_LG10_M in.shelflifeatretailerdc .078 .022 .051 3.552 .000

LG10_Growthsellingstores 1.459 .111 .160 13.090 .000

Retailer_COOP -.018 .035 -.009 -.525 .600

PlaceL_Front .181 .025 .088 7.282 .000

Category_JuicesCooled .040 .027 .018 1.485 .138

Display .163 .022 .090 7.413 .000

LG10_Purchasefrequencyofproduct -.898 .073 -.165 -12.278 .000

PromoM _2ndhalfprice -.176 .035 -.060 -4.963 .000

Retailer_EM TE .315 .039 .138 8.113 .000

@#Promotionsproductpreviousyear .021 .004 .071 5.729 .000

Brand_Boerenland -.230 .052 -.056 -4.423 .000

Brand_Campina -.072 .030 -.030 -2.412 .016

Summerholiday -.055 .024 -.026 -2.336 .020

PromoM _M ultibuy -.139 .046 -.062 -3.007 .003

Inter_COOPVolumedisplay -.300 .046 -.111 -6.572 .000

Inter_EM TEVolumedisplay -.331 .047 -.121 -7.104 .000

Inter_M ulibuyCenteredshelf .245 .059 .091 4.131 .000

(Constant) .593 .057 10.450 .000

The Prais-Winsten estimation method is used.

R egressio n C o ef f icients

Unstandardized Coefficients

t Sig
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Table 68 Regression coefficients reduced complexity model 3x 

  

Standardized 

Coefficients

B Std. Error Beta

LN_Previousliftfactor .446 .014 .449 32.032 .000

Relativepricediscount 1.051 .095 .146 11.061 .000

LN_#Productsinpromotion -.096 .016 -.076 -5.963 .000

Volumedisplay .384 .019 .292 20.572 .000

Centered_LG10_M in.shelflifeatretailerdc .097 .021 .063 4.539 .000

LG10_Growthsellingstores 1.467 .111 .161 13.162 .000

Retailer_COOP -.009 .035 -.004 -.264 .792

PlaceL_Front .178 .025 .086 7.124 .000

Display .162 .022 .090 7.389 .000

LG10_Purchasefrequencyofproduct -.887 .073 -.164 -12.132 .000

PromoM _2ndhalfprice -.185 .035 -.062 -5.215 .000

Retailer_EM TE .329 .038 .143 8.552 .000

@#Promotionsproductpreviousyear .023 .004 .077 6.365 .000

Brand_Boerenland -.192 .050 -.046 -3.825 .000

PromoM _M ultibuy -.147 .046 -.065 -3.156 .002

Inter_COOPVolumedisplay -.296 .045 -.109 -6.508 .000

Inter_EM TEVolumedisplay -.333 .046 -.121 -7.231 .000

Inter_M ulibuyCenteredshelf .229 .060 .085 3.844 .000

(Constant) .534 .055 9.788 .000

The Prais-Winsten estimation method is used.

R egressio n C o eff ic ients

Unstandardized Coefficients

t Sig
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Appendix 18 – Relationship shopper demand and retailer orders 

The results related to the relationship between shopper demand and retailer orders are presented. 
 
Table 69 Re-estimated complete model (1.ai) based on retailer order set (18.ai) 

 

Standardized 

Coefficients

B Std. Error Beta

LN_PrevlifRetail .399 .015 .407 25.862 .000

Relativepricediscount .396 .101 .058 3.908 .000

LN_#Productsinpromotion -.070 .018 -.060 -4.009 .000

Volumedisplay .350 .020 .273 17.506 .000

Centered_LG10_M in.shelflifeatretailerdc .145 .024 .104 6.092 .000

LG10_Growthsellingstores 1.315 .131 .149 10.064 .000

Retailer_COOP -.056 .037 -.030 -1.531 .126

PlaceL_Front .071 .027 .038 2.594 .010

Category_JuicesCooled .150 .033 .075 4.492 .000

Display .135 .024 .075 5.665 .000

LG10_Purchasefrequencyofproduct -.885 .081 -.169 -10.967 .000

PromoM _2ndhalfprice -.190 .036 -.071 -5.249 .000

Retailer_EM TE .422 .041 .201 10.328 .000

@#Promotionsproductpreviousyear .022 .004 .078 5.511 .000

PlaceL_Back .080 .034 .033 2.397 .017

Comparablepromotionatnationalretailerweekx .047 .020 .033 2.328 .020

Brand_Boerenland -.174 .055 -.044 -3.182 .001

LN_Baseline -.028 .008 -.061 -3.526 .000

Otherspecialday -.035 .041 -.011 -.854 .393

Season_Autumn -.011 .032 -.007 -.352 .725

Season_Winter -.019 .039 -.009 -.476 .634

Brand_Campina -.151 .042 -.067 -3.570 .000

Brand_Fristi -.189 .089 -.027 -2.121 .034

Summerholiday -.091 .033 -.049 -2.797 .005

Phycho logicalpriceIsodd -.027 .016 -.023 -1.741 .082

PromoM _2for -.130 .030 -.070 -4.349 .000

Centered_Temperature .002 .002 .014 .704 .482

Nationalholiday -.032 .037 -.012 -.868 .386

PromoM _M ultibuy -.039 .050 -.019 -.783 .434

Promotionwithsimilarbrandatnationalretailerweekx -.009 .019 -.006 -.459 .646

TVsupport .090 .030 .041 2.970 .003

Inter_COOPVolumedisplay -.185 .048 -.073 -3.839 .000

Inter_EM TEVolumedisplay -.355 .049 -.135 -7.176 .000

Inter_AutumnCampina .032 .059 .009 .538 .590

Inter_WinterCampina .107 .089 .017 1.210 .227

Inter_M ulibuyCenteredshelf .154 .064 .063 2.414 .016

Inter_FristiCentered_Temperature .055 .018 .039 3.100 .002

(Constant) 1.166 .086 13.625 .000

The Prais-Winsten estimation method is used.

R egressio n C o eff icients

Unstandardized Coefficients

t Sig



Page 155 
 

Table 70 Regression coefficients new regression model retailer orders (19.ai) 

 

Standardized 

Coefficients

B Std. Error Beta

LN_PrevlifRetail .324 .016 .330 20.559 .000

Centered_Volumedisplay .390 .021 .297 18.775 .000

LG10_Purchasefrequencyofproduct -.647 .084 -.122 -7.666 .000

Relativepricediscount .625 .098 .092 6.389 .000

LN_#Productsinpromotion -.049 .017 -.042 -2.924 .003

LG10_Growthsellingstores 1.511 .129 .166 11.675 .000

@#Promotionsproductpreviousyear .027 .004 .100 7.700 .000

PromoM _2ndhalfprice -.152 .033 -.060 -4.598 .000

LG10_#M M -.053 .016 -.038 -3.228 .001

LN_Baseline -.025 .007 -.056 -3.536 .000

PromoM _M ultibuy .128 .036 .064 3.575 .000

Display .147 .023 .080 6.362 .000

Brand_Coolbest .299 .031 .157 9.715 .000

Summerholiday -.076 .035 -.044 -2.139 .033

TVsupport .097 .028 .046 3.495 .000

PromoM _2for -.101 .027 -.057 -3.666 .000

PlaceL_Front .059 .025 .033 2.386 .017

PlaceL_Back .083 .030 .036 2.807 .005

Comparablepromotionatnationalretailerweekx .022 .018 .016 1.224 .221

PromoM _2plus1 .117 .045 .036 2.635 .008

Holidayperiod .030 .028 .020 1.066 .286

Savingcampaign .035 .019 .025 1.852 .064

Brand_DubbelFrisss .298 .038 .159 7.776 .000

Brand_M ona .354 .028 .237 12.754 .000

Centered_Temperature -.001 .002 -.009 -.497 .619

Retailer_COOP -.106 .027 -.058 -3.996 .000

Retailer_Plus .073 .027 .046 2.763 .006

Season_Autumn -.016 .021 -.011 -.772 .440

Brand_Chocomel .445 .036 .157 12.240 .000

Brand_Boerenland -.137 .057 -.034 -2.383 .017

Retailer_EM TE .268 .028 .131 9.657 .000

Brand_Fristi .254 .086 .036 2.968 .003

Inter_FristiCentered_Temperature .048 .017 .033 2.862 .004

Inter_M onaCentered_Temperature .006 .003 .028 2.120 .034

Inter_EM TECentered_Volumedisplay -.422 .048 -.115 -8.846 .000

Inter_PlusCentered_Volumedisplay -.261 .051 -.065 -5.122 .000

Inter_COOPCentered_Volumedisplay -.227 .047 -.061 -4.839 .000

Inter_M onaCOOP -.213 .057 -.052 -3.712 .000

Inter_M onaPlus -.140 .041 -.063 -3.430 .001

Inter_AutumnBoerenland .140 .099 .019 1.404 .160

(Constant) 1.081 .079 13.754 .000

The Prais-Winsten estimation method is used.

R egressio n C o eff icients

Unstandardized Coefficients

t Sig


