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II. Abstract 
The effect of promotions can give a serious disturbance of the logistics processes. To minimize this 
effect a model can be developed which predicts the effect of promotion on the demand of the 
promoted items. This master thesis describes the background, development and results of a forecast 
model of office promotion items. For the forecast model were considered 64 factors in regression model 
as input for predicting the demand of promotion items. After analysis 46 factors remained as significant. 
During the development of the forecast tool only the items of paper category are taken into account. 
After the analysis of the paper category the forecast tool is also used on other product categories. This 
resulted in the conclusion that in all the product office categories at least 69 % of the variation by 
promotion items can be explained where the MSE and MAD values in comparing with the average sales 
of the product categories vary very high between 34 % and 136 %. The developed forecast model is 
appropriate for daily use at Office Depot and will improve the accuracy of forecasted the demand of 
promotion items.     
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



V 
 

III. Management summary  
This master thesis is the result of six-month research as end project of my study at Office Depot in 
Venlo. Office Depot is one of the largest suppliers of office items around the world. The company is 
started in 1986 in the United States and expanded rapidly the following years to the rest of the world. 
This study has focused on improving the forecast accuracy of promotion items. At the moment there are 
relative high inventory quantities on promotion items in the distribution centers which result in higher 
inventory costs than are needed. One of the main reasons of the high inventory is absent a proper 
forecast tool for promotion items which results in leftovers or out-of-stocks.  
 
Problem statement 
Currently the value of the stock of leftovers is more than xxxxxx which finds its cause in too much 
ordering of these items. Based on interviews with employees, it is found that no or an inaccurate 
forecast is made for promotion items what leads to leftovers but also to too early out-of-stock of 
promotion items. Two root causes for the insufficient promotion forecast could be determined; low 
experience in creating a promotion and the effect that forecast promotion is only based on historical 
and personal expertise, based on sales experiences of previous promotion. At the moment the 
promotion forecast is based on qualitative forecast technique expertise and this is not accurate enough. 
After an analysis, the decision is made to assist Office Depot in finding more accurate forecast for their 
promotion items based on the promotional mix. The promotional mix consists of the four key marketing 
perspectives, the four Ps, product, price, promotion and place. This research gives new expertise in 
contribution to the literature, no difference promotion forecast tool has been made for office items, this 
promotion forecast tool focus on the mailing medium and the selling promotion items is only to 
business customers. Consequently, the following research question is formulated; “How to improve the 
forecast accuracy of promotion items at Office Depot?”  
 
In Office Depot every promotion is build up with a promotion scope. The promotion scope describes the 
promotion action for one item which is defined in five categories; promotion category, medium, 
customer, product and country. Continuously, a lot of promotions are done by Office Depot. In limited 
time of this project there is chosen to investigate and to focus on a selection of promotion scope. This 
promotion scope has the following characteristics; 

 Country; Germany 

 Medium; promotion books (A-book, Z-book, A-re-mail book and Z-re-mail book) 

 Product category; promotions items in the paper, ink and toner categories 

 Promotion category; price reduction and advertising of the product 

 Customer; all the customers who get the promotion books (the mail quantity of the book) 
 
To give answer on the research question, a research design is made to realize a more accurate 
promotion model.  
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Research design 
The studies of Cooper et al. (1999) and Divikar et al. (2005) show that the use of quantitative input in 
promotion forecast model gives more reliable forecast of demand of promotion items. Based on these 
literatures and the analysis in Office Depot the most appropriate forecast model is to use a regression 
model. A regression model consists of several independent factors which predict the effect of one 
dependent factor. The dependent factor in this research is the demand of the promotion item during 
the total promotion period. A selection of factors must be made which might be affecting this 
dependent factor. The independent factors in this model are selected based on four perspectives. These 
four perspectives are based on the key marketing perspectives, which consists of the promotion, place, 
price and product characteristics (Jobber & Lancaster, 2009; Cooper et al., 2009). Besides this, some 
extra factors are taken into account. These extra factors do not fall into one of the four perspectives as 
given above.  Table 1 shows all the independent factors which are taken into account for checking the 
significant effects in the forecast model.    
 

 
Table 1 overview independent factors in the forecast model  

Independent factors Description in the model based 

on the paper 

category

Product size The amount of the product (e.g. 500 pages or 250 pages) X
product difference The color of the ink (e.g. black) X
Normal purchase amount The average quantity of each order for the item X
Product type Which product category is analyzed X
Baseline sales The average sales in the last 8 weeks of the item (total sales) X

Pages of the book How many pages have the promotion book

Mail quantity of the book How many customers get the promotion book X
Response rate of book in previous year The percentage how many customers order from the total mail quantity 

from the same promotion book in previous year X
Folder type Which type of (promotion) book X

Previous promotion sales Sales in previous promotion period X
Promotion frequency How many times is the same item on promotion in last 3 months

Page in promotion book Where advertising the promotion in the book 

Size of advertising The size of the advertising in the promotion book X
Height of advertising The page position of the advertising in the promotion book X

Absolute discount depth Absolute difference between normal price and promotion price of an 

item

Relative discount depth Percentage price discount between normal price and promotion price of 

an item

Absolute non promotion price The absolute non promotion price of an item

Absolute promotion price Absolute promotion price

Product bulk promotion item Get the customer a lower price of the promotion item when order more 

Product bulk non promotion item Get the customer a lower price of the item when order more when no 

promotion is given  

Absolute maximum price discount by ordering more promotion items Maximum price difference of promotion item when order more in one 

time X
Absolute maximum price discount by ordering more non promotion 

items 

Maximum price difference of non promo item when order more in one 

time

Relative maximum price discount by ordering more promotion items Percentage maximum price difference of promotion item when order 

more in one time X
Relative maximum price discount by ordering more non promotion 

items

Percentage maximum price difference of promotion item when order 

more in one time 

Seasonal effect Play a role which month the promotion is started X
Holiday An holiday in the promotion period X
Summer holiday Falls the promotion period in the summer holiday

Product characteristics

Place characteristics

Promotion characteristics

Price characteristics

Other factors
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Research results  
The factors as presented above are part of a regression model which is tested on the significant effect of 
these factors on promotion items in the paper category. Some factors are dividend in several dummy 
factors, to compare different values of the factor has significant effect in the model, what the model 
increase from 27 factors to 64 metric factors for further research. Based on the results is concluded 
which factors have significant effect on the predicting of the demand. These factors are marked with an 
X in the last column of table 1. The total of number of significant factors in the model are 46 metric 
factors, which these metric factors consist of 15 factors in this forecast model. Next step is to compare 
the results of the paper category with the ink and toner categories. For each category is made a 
different forecast model. According to Ailawadi et al. (2006) and Narasimhan et al. (1996) for each office 
category a different forecast model is made because different reactions in each category on the forecast 
of promotion items are expected.   
 
Tests show that the performance of the different forecast models is quite good. For all forecast models 
is found adjusted R2 value between 0.692 and 0.803. This result shows that at least 69.2 % of the 
variance can be explained by the forecast model. Validation of the models show that the MAD values 
and MSE values in comparing with the average actual sales are higher in the validation part than in the 
model part, what means the performance of the validation is lower than in the model part in each 
category. Even the percentage values of standard deviation MSE in comparing with the average actual 
sales are quite high for each categories, the percentage is more than 103 % in the paper category and 
around 65 % in the ink and toner categories. These results indicate that the standard deviation of the 
model is relatively high. The value of MAD is around 37 % of the average actual sales in each category, 
what means the average forecast error deviation is 37 % of the average actual sales, this is not quite 
low. An explanation for this result can be the big deviation of sales of promotion items in each category. 
However the results in the validation part are applicable as forecast model, besides no forecast model is 
made before for promotion items at Office Depot.  
 
Analyzing the different parameters and weight of the selected factors in the model gives some 
interesting insights. Moreover, the most important factors which affect the promotion items are the 
factors baseline sales, mail quantity and previous promotion sales, what is supported by several studies. 
However no support is found for the factors price discount and even for promotion frequency in this 
research.  
 
Conclusion and recommendations 
In this research project a forecast model for promotions of office items is developed based on four key 
marketing perspectives. An accurate promotion forecast model is made with interesting results. The 
most important factors which affect the forecast are identified based. This model will help Office Depot 
to make more accurate forecasts for promotion items. This research gives also new insights in the 
factors that affect the demand of promotions items in books and office items. Furthermore this research 
shows that even for only business customers can make a promotion forecast tool for predicting the 
demand of promotion items.  
 
Office Depot is recommended to use this promotion forecast tool for all promotion items, as well as 
mediums, countries, promotion categories, product categories and different customer perspectives. 
Implementation will improve the forecast accuracy substantial. Using the tool will result in a lower 
chance of out-of-stock and leftovers of promotion items. The contribution of the tool is giving more 
insight in the expected demand of promotion items in office category. Besides in this research new 
insights are given for making a promotion forecast tool in the mail medium.    



VIII 
 

Contents 
I. Preface ................................................................................................................................................ III 

II. Abstract .............................................................................................................................................. IV 

III. Management summary ....................................................................................................................... V 

 

1. Introduction ........................................................................................................................................ 1 

1.1 Report structure ............................................................................................................................ 1 

1.2 Background of the company .......................................................................................................... 1 

1.3 Problem introduction ..................................................................................................................... 3 

1.4 Product structure ........................................................................................................................... 3 

1.5 Promotions at Office Depot ........................................................................................................... 4 

1.6 Overview literature ........................................................................................................................ 5 

1.7 Contribution to the literature ......................................................................................................... 9 

 

2 Project design ..................................................................................................................................... 10 

2.1 Analysis of promotions................................................................................................................. 10 

2.1.1 Promotion process ................................................................................................................ 10 

2.1.2 Promotion building at merchandise department ................................................................... 11 

2.2 Problem description ..................................................................................................................... 12 

2.3 Scope of the project ..................................................................................................................... 13 

2.3.1 Country selection .................................................................................................................. 13 

2.3.2 Medium selection ................................................................................................................. 13 

2.3.3 Product selection .................................................................................................................. 14 

2.3.4 Promotion category selection................................................................................................ 15 

2.3.5 Customer perspective selection ............................................................................................ 15 

2.3.6 Overview about the scope of the project ............................................................................... 15 

2.4 Analysis of promotions in the mail medium ................................................................................. 15 

2.5 Research questions ...................................................................................................................... 16 

2.6 Functional requirements .............................................................................................................. 17 

 



IX 
 

3 Research design .................................................................................................................................. 18 

3.1 Aggregation level of the research ................................................................................................. 18 

3.2 Scientific model ........................................................................................................................... 19 

3.3 Dependent factor......................................................................................................................... 20 

3.4 Independent factors .................................................................................................................... 21 

3.4.1 Product characteristics .......................................................................................................... 22 

3.4.2 Place characteristics .............................................................................................................. 23 

3.4.3 Promotion characteristics ..................................................................................................... 24 

3.4.4. Price characteristics ............................................................................................................. 24 

3.4.5 Other factors ......................................................................................................................... 25 

3.4.6 Difference between factors of paper category and ink and toner category ............................ 26 

3.4.7 Overview factors in the model .............................................................................................. 26 

 

4 Model ................................................................................................................................................. 28 

4.1 Factor assumptions ...................................................................................................................... 28 

4.2 Data gathering ............................................................................................................................. 28 

4.3 Missing data ................................................................................................................................ 29 

4.4 Outliers of the factors .................................................................................................................. 29 

4.5 Transformation of the factors ...................................................................................................... 30 

4.6 Creating dummy factors ............................................................................................................... 31 

4.6.1 General dummy factors ......................................................................................................... 32 

4.6.2 Paper category dummy factors.............................................................................................. 33 

4.6.3 Ink and toner category dummy factors .................................................................................. 33 

4.7 Multivariate outliers .................................................................................................................... 33 

4.8 The different datasets .................................................................................................................. 34 

4.9 Minimum sample size .................................................................................................................. 34 

4.10 Performance of the results ......................................................................................................... 34 

 

 



X 
 

5 Results of the model ........................................................................................................................... 36 

5.1 Method of regression analysis ..................................................................................................... 36 

5.2 Model results paper category ...................................................................................................... 36 

5.2.1 Assumptions regression model of the paper category ........................................................... 36 

5.2.2 Model results of the paper category ...................................................................................... 37 

5.2.3 Performance of model for paper category ............................................................................. 38 

5.2.4 Individual analysis in forecast model for paper category ....................................................... 38 

5.3 Model results of the other categories .......................................................................................... 41 

5.3.1 Assumptions regression model of the ink and toner categories ............................................. 41 

5.3.2 Model results of the ink and toner categories ....................................................................... 42 

5.3.3 Performance of model for ink and toner categories............................................................... 42 

5.3.4 Individual analysis in forecast model by ink and toner categories .......................................... 43 

5.4 Model results in comparison with literature and practice ............................................................. 47 

 

6 Implementation .................................................................................................................................. 49 

6.1 Changing the promotion process ................................................................................................. 49 

6.2 Consequences of the implementation .......................................................................................... 49 

6.3 Results of the implementation ..................................................................................................... 50 

 

7 Conclusion and recommendations ...................................................................................................... 52 

7.1 Conclusion ................................................................................................................................... 52 

7.2 Recommendations & limitations .................................................................................................. 54 

7.3 Contribution to literature ............................................................................................................. 55 

 

References ............................................................................................................................................ 56 

 

 

 

 



XI 
 

Appendix A: List of figures ..................................................................................................................... 59 

Appendix B: list of tables ....................................................................................................................... 60 

Appendix C: list of formulas ................................................................................................................... 61 

Appendix D: Assumptions ...................................................................................................................... 62 

Appendix E: Product hierarchy............................................................................................................... 63 

Appendix F: Forecasting framework....................................................................................................... 64 

Appendix G:  Description of the variables in literature review ................................................................ 65 

Appendix H: Scan*Pro model ................................................................................................................. 69 

Appendix I: Overview all causes by the research problem ...................................................................... 70 

Appendix J: Sales in DACH-BNLX region ................................................................................................. 72 

Appendix K: Analysis of promotion book in Germany ............................................................................. 73 

Appendix L: Average sales in promotion book........................................................................................ 74 

Appendix M: description about all the factors which left out of the forecast model ............................... 75 

Appendix N: Sales per week for seasonal effects.................................................................................... 77 

Appendix O: Outliers of the factors ........................................................................................................ 78 

Appendix P: Normality test for the factors ............................................................................................. 84 

Appendix Q: Overview all factors in the model ...................................................................................... 86 

Appendix R: Assumptions of the regression model of paper category .................................................... 87 

Appendix S: Assumptions of the regression model of ink and toner categories ...................................... 93 

Appendix T: Deviation between actual and predicted sales .................................................................. 101 

 

 

 

 

 

 

 



1 
 

1. Introduction  
This document is the result of my master thesis project executed at Office Depot in Venlo, the 
Netherlands. Nowadays, companies are always searching to improve and optimize their business 
processes. Promotion forecasting is one of the main topics in business. This study is focused on more 
accurate forecasting promotion items at Office Depot to improve its forecasting and inventory to 
minimize operating costs by promotions.   

1.1 Report structure 
The report structure of the master thesis project is based on regulative cycles by Van Strien (1997). The 
cycle has five basic process steps: (1) problem definition, (2) analysis and diagnose, (3) plan of action, (4) 
intervention and (5) evaluation. However, the intervention and evaluation will be not executed in the 
research project. Note that the main focus of this project is on the analysis and diagnosis and plan of 
action steps of the regulative cycle. The report starts with chapter 1, introduction, where the research 
project will be introduced. In Chapter 2, the problem definition is given. This is where the problem will 
be described in detail, which is the first step of the regulative cycle. In chapter 3, the research design will 
be defined and in chapter 4 the model of the project will be presented. Both chapters 3 and 4 describe 
the analysis and diagnose of the project. In chapter 5, the results of the model will be described. Chapter 
6 describes how the model results can be implemented. Chapter 7 contains the conclusion and 
recommendations resulting from the research. The last three chapters describe the plan of action as a 
solution to the problem and the associated change plan (Van Aken et al., 2007). In figure 1 the outline of 
the master thesis report is shown, which shows how the regulative cycle is included in the chapters.    
 

Chapter 1: 

Introduction

Chapter 6: 

Implementation

(3) plan of action

Chapter 7:

Conclusion and 

recommendations

(3) plan of action

Chapter 2: 

Project design

(1) problem 

definition

Chapter 3: 

Research design

(2) analysis & 

diagnose

Chapter 4:

Model

(2) analysis & 

diagnose

Chapter 5: 

Results of the 

model

(3) plan of action
 

 
Figure 1 report structure based on the regulative cycle by Van Strien (1997) 

This chapter contains with introducing of the research problem. It leads to defining the problem 
description in the next chapter. The next section contains basic information of the company. After that, 
the problem situation will be discussed. In the next two sections the product structure and the different 
promotions at Office Depot will be described. The chapter will be concluded by a literature review of the 
comparing problem situation and the contribution to literature by this research project. 

1.2 Background of the company  
Office Depot is an American company that is one of the world’s largest sellers of office products. The 
headquarters are in Boca Raton, Florida, United States of America.  Office Depot is divided into three 
segments; North America Retail Division, North American Business Solutions Division and International 
Division. The North America Retail Division is responsible for selling all merchandise in the stores in the 
U.S. and Puerto Rico. The North American Business Solutions division sells nationally branded, private 
brand office supplies and services to business-to-business (B2B) through dedicated sales forces, catalogs 
and e-commerce. The international division is responsible for all the world wide sales forces to 
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consumers and B2B outside U.S. and Puerto Rico. The international division is divided in three regions; 
Europe and Middle East, Latin America and Asia. The majority turnover of the international division is 
realized in Europe and Middle East division. 
   
The company was founded in 1986 and opened its first store in Lauderdale Lakes at Florida in United 
States of America. Two years later it grew expressive in the amount of 25 stores in seven different 
states. In 1994, Office Depot started to explore the international market with stores in Israel and 
Colombia. In the year of 1998 Office Depot merged with Viking Office Products, a leading direct 
marketer of office products in Europe and Australia. From that moment the Company’s International 
Division operated under the names ‘Office Depot and Viking brand’. Guilbert is part of further 
expansion. This company is specialized in the contract start-up business, and they have been fully 
integrated into the operations of Office Depot. From this point, several other takeovers have taken place 
to expand worldwide.  Nowadays, Office Depot is one of the largest suppliers of office products in the 
world.  
 
The total turnover of Office Depot was US $ 11.5 billion in the year 2011, which is a 1 % decrease of total 
turnover compared to the year 2010. The total net earnings were US $ 95 million in year 2010 where 
North American Retail division is responsible for 42.4 % of the total sales and the division profit of US $ 
134.8 million in the year 2011. Respectively North American Business Solution Division and International 
Division are each responsible for 28.4 % and 29.2 % of the total sales by Office Depot and division profits 
are US $ 145.1 million and US $ 92.9 million of the year 2011 (Annual report, 2011). 

 
Office Depot is one of the market leaders in selling office products. They operate in over 50 countries 
and sell through multiple channels consisting of stores, contract sales, telephone, e-commerce and mail. 
The company has over 1600 worldwide retail stores and more than 40.000 associates on the world. The 
Office Depot’s common stock is listed on the New York Stock Exchange under the symbol ODP.  
 
1.2.1 International division Europe and Middle East  
The international division Europe and Middle East is active in 39 countries with total sales of more than 
US $ 3 billion. The headquarter of Office Depot Europe and Middle East division is in Venlo, the 
Netherlands. Company-owned operations, joint ventures, licensing and franchise agreements, alliances, 
retail partnerships and strategic partnerships are used to sell office products in this division. Also, there 
are more than 100 Office Depot stores located in France and Sweden. The Europe and Middle East 
division consists of seven regions; DACHBNLX, UK & Ireland, Eastern Europe, Southern Europe, Sweden, 
France and Middle East. Each region is responsible for its own sales policy in its region. The European 
headquarter only has an advice and regulation role for these regions. Each region consists of several 
countries. For example, the region DACHBNLX consists of the countries Germany, Austria, Switzerland, 
Belgium, The Netherlands and Luxembourg. In this region, every country has its own plan to generate 
more sales and promotion in each particular country on local level. The focus of further research is on 
the region DACHNBLX.  
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1.3 Problem introduction 
In the international division of Office Depot the department Supply Chain Europe is responsible for all 
the activities of the supply and logistic processes in Office Depot. One of the main activities of the 
department is doing stock level analyses on the total inventory of products in the 22 distribution centers 
across Europe. The goal is to create cost-efficiency in the supply chain and inventory processes. At the 
moment, relative high inventory quantity on promotion items lay in stock in distribution centers, which 
results in higher inventory costs than necessary. The main reason of these high inventories is the fact 
that forecast of promotions is barely used in the company. On the other side, due to low forecast of 
promotions, items being out-of-stock is even a bigger issue at Office Depot. Office Depot guarantees 
99.5 % of the products will be delivered in maximum of one work day.  This guaranty results in a higher 
inventory of office products to prevent running out-of-stock. Concluding, the high leftovers of 
promotions and too many time out-of-stocks by promotions are the two results of the inaccurate 
promotion forecast. An accurate forecast of the promotions can optimize the inventory of promotion 
items and it can guarantee delivery of all the products in one day, which is beneficial for customers as 
well as business in general. The problem statement is the inaccurate promotion forecast at Office Depot 
and will be described in more detail in the next chapter.      
 
Promotions are important to attract customers to buy office items at Office Depot. The general idea of 
Office Depot is to trigger the customer with promotions to order more products, even “general” items 
that are not in any promotion. However, Office Depot does not know which factors affect the 
promotions that customers would like to see, which leads to an inaccurate promotion process. The goal 
of Office Depot is to improve the inaccurate promotion process to optimize the effectiveness and 
efficiency of a promotion, where effective promotion is the level of success of the promotion compared 
to the initial promotion goal and promotion efficient is the comparison of the investment of the 
promotion with the expected results of promotion (return of investment, ROI). This research will be a 
start for improving the promotion process. The main goal of this research will be focusing on improving 
the inaccurate promotion forecast and to research by which effects the promotion demand is affected. 
In the next chapter the problem description will be defined in more detail.  

1.4 Product structure 
The international division of Europe and the Middle East in the region DACHBNLX operates with two 
own brands: Viking and Office Depot. The difference between the two brands is the focus of different 
customers groups. The brand Office Depot focuses on selling to large companies, where the brand 
Viking focuses on selling to small medium business (SMB). Generally, the major companies are 
customers with turnover of more than xxxxxx in office products each year or companies with more than 
xx employees, otherwise the customer falls in the category small medium business. The major 
businesses are responsible for more than XX % of the total sales in the international division. In further 
research the focus will be on the SMB, because promotions are done only for these customers. General, 
all the promotions are done under the brand Viking. 
 
Generally, Office Depot sells over 10.000 different office products in each country. The product diversity 
is big. From pencils to chairs, computers to coffee, all different products are related to use in the office. 
The total office products are captured in a product hierarchy of six levels to specify each unique office 
product. The six levels in the hierarchy from top-down approach are categories, groups, department, 
class, subclass and product.  An overview is given in Appendix E: Product hierarchy  
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1.5 Promotions at Office Depot  
Generating sales and profit with selling office products and services is the main goal of doing promotions 
(Blattberg et al., 1995). For Office Depot, generating sales and profits are the main reason to do 
promotions. But another important reason is to generate more customers’ traffic to Office Depot. 
Expected is, that customers who buy a promotion item will also buy one or more items they need. 
Promotions can create even more brand awareness which stimulates customers to re-buy office items 
again (Kraft & Mantrala, 2006). Within Office Depot promotions are formulated as related buy stimulus 
by using interesting items or different pricing of items to influence customer spending. The time span of 
a promotion varies from 0 to 2 months.  
 
Within Office Depot, main focuses are price promotions as well as non-price promotions. Currently, four 
main promotion instruments are used;   

1. Price reduction, an item is selling temporal for lower price than the regular price.  
2. Loyalty campaign, customers can collect points with the loyalty campaign, after saving points 

the customer can buy a free item with the points. However the loyalty campaign has very small 
effect on generating extra sales and they are no problem mess in this promotion instrument.  

3. Premiums, when customers buy a particular item or order over a certain amount, Office Depot 
will give a free item to this customer. 

4. Product advertising, the goal is to get the attention of the consumer for the item.  
 

All four promotion categories can be combined for one certain item to generate more sales of the item.  
 
Office Depot sells through four multiple mediums to customers in DACHBNLX, by mail, e-commerce, 
telephone and on contract;  

1. Mail, customers receive catalogues by mail and letters to order from the catalogues’ office 
items.  

2. E-commerce, which consists of e-mails, the company website and an online order system where 
customers can purchase the item they like.   

3. Telephone, the call-center calls customers about promotions, offering them premiums and price 
reductions. 

4. Contract, this channel is based on a contract that is made between customers and Office Depot 
to order products. General, this medium is used by companies that require large quantities of 
office items.  

 
Each medium has its own promotion instruments to do promotions that are used in Office Depot. An 
overview is given in table 2.  
 

 
Table 2 promotion instruments in each medium   

In Office Depot every promotion has a promotion scope which describes the focus of each promotion. 
The promotion scope consists of five factors;  

price reduction loyalty campaign premiums product advertising

mail X X X

e-commerce X X X

telephone X X

contract X X

promotion instrument

medium
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1. Promotion category, is the promotion instrument for a product promotion and the promotion 
instrument will be defined in more detail, for example price reduction with 50 % price discount 
or premium with free pencil.   

2. Medium, this is the output to the customer, for example mail or e-commerce.  
3. Customer factor, which customers are contacted for the promotion.  
4. Product shows which products are in the promotion.  
5. Country is the area where the promotion is done.  

 
All the factors are affected indirectly by the finance department. The finance department regulates the 
budget of each promotion scope. By comparing the budget to the promotion scope factors, the 
promotion scope will be defined. An overview of the promotion scope is given in the next figure.   
 

Promotion 

scope

Country Medium

CustomerProduct 

Promotion 

category

Finance

 
Figure 2 the five factors of the promotion scope in every promotion 

1.6 Overview literature 
After the introduction of the problem description, this section will give a short introduction of the 
available literature for promotion forecast tools and effects of promotion for using research by Office 
Depot (Van Deijck,2012a). First, a short description will be given of forecast tools that can be used for 
forecasting promotion. Afterwards, the difference between regular items and promotion items will be 
discussed and which major effects can be reached by the promotion. This section ends with an overview 
is shown of the different promotion forecast tools.  
 
According to Silver et al. (1998) every item has a certain demand pattern which can be seen as time 
series of separate values. For effective production planning, scheduling and inventory management is 
important to get the right stock level on the demand at a certain moment (in the future). No company 
wants to be out-of-stock for a certain period resulting from an inventory that was lacking. On the other 
hand, companies want to limit stock levels to avoid unsalable products or stock leftovers take up to 
optimize limiting the inventory cost. For these reasons, Office Depot wants to predict the demand of 
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promotion items. Forecast tools can be used to realize the forecast of items. In general, forecasting can 
be based on informed judgment or predicting the demand on the demand results from the past 
(extrapolation) (Silver et al., 1998). Afterwards, the resulted forecast can be compared with the actual 
demand to find the errors from forecasting for further improvements of the forecast tool. This overall 
framework of forecasting items is given in more detail in appendix F.  
 
According to Jobber & Lancaster (2009) forecast techniques can be distinguish into two groups; 
qualitative forecast technique and quantitative forecast technique. Qualitative forecast techniques are 
focused on opinions. Quantitative forecast techniques are based on objective and mathematical 
techniques. Quantitative forecast techniques are experienced to be more objective and more popular 
than qualitative forecasting techniques (Jobber & Lancaster, 2009). Quantitative forecast techniques can 
be divided into two types; time series analysis, in which the only depending variable is time. The second 
type is causal forecast technique, where the relationship between a measurable independent variable 
and forecasted dependent variable is used to forecast the demand of item.   
 
Promotion items are items that are part of the regular assortment that temporarily can be offered at a 
reduced price or as extra visibility for generating more sales of the item (Blattberg et al., 1995). 
Promotions can be divided into two categories, price promotions and non-price promotions. Price 
promotions are temporary price discounts for the customer and non-price promotions are focus on 
attention of the product (Kraft & Mantrala, 2006). Office Depot focuses on price promotions as well as 
non-price promotions.  
 
Promotion items are different from regular items for forecasting the demand of the particular item, 
because promoting the item exists temporarily with no continuous process. Therefore, normal 
forecasting tools cannot be used for forecasting the promotion demand of the promotion items. Usually, 
promotions result in extra sales of the promotion item. However retailers don’t know which quantity to 
order for upcoming promotion, because retailers do not know the expected demand of the promotion 
(Cooper et al., 1999). Even at supermarkets, 15 % of the promotion volume is out-of-stock (Cooper et al., 
1999). The temporary characteristic of the promotion makes it difficult to forecast based on 
extrapolation of time series (Van Donselaar et al., 2005). Other factors, e.g. advertising and price-
reduction, affect the demand of the promotion item in the promotion period. From these perspectives, 
a regular forecast tool cannot be used for forecasting promotion items and special promotion forecast 
tool must be created.  
 
The description of major factors in promotion forecast tool is an actual topic in several studies. In 
relation to this research project four studies are selected; Ailawadi et al. (2006),  
Narasimhan et al. (1996), Ramanthan & Muyldermans (2010) and Walters & Bommer (1996), which 
describe the major factors for the promotion forecast tool.  
 
All the factors for the promotion forecast tools can be categorized in four main groups. The 
characteristics, by which the demand of the promotion item is affected, are called the promotional mix. 
The four main groups are;  

1. Product characteristics, are all the effects which affects the demand of the promotion, for 
example brand type or product size.  

2. Promotion characteristics, are the characteristics how the item is promoted to customers, for 
example advertising and how many items are on promotion.  

3. Price characteristics, are all the effects depending on the price of the item. 
4. Place characteristics, which vary of the location where the item are sold.  



7 
 

All these characteristics are the main basis of the effects on the demand on a promotion item (Jobber & 
Lancaster, 2009; Cooper et al., 1999).  
 
In the study of Ailawadi et al. (2006) each promotion consists of four other main types of promotion 
characteristics that effect the demand in the promotion forecast tool; promotion characteristics, brand 
characteristics, category characteristics and store characteristics. In each characteristic, several factors 
are given that might affect the demand of a promotion item. According to Narasimhan et al. (1996) the 
relationship between product category factors and promotional elasticity of average item are found 
within the category. The promotional elasticity is the percentage of changing demand divided by the 
percentage of changing price. However not every category factor has impact on the promotional 
elasticity. The study of Ramanthan & Muyldermans (2010) describes the different factors that play a role 
in the demand of different bottle sizes of soft drinks in promotion. According to Ramanthan & 
Muyldermans (2010) factors are categorized in four major categories; promotional factors, special days, 
seasonal factors and customer preference that fluctuates the demand of soft drinks promotion. The 
study found a relationship between the different package size and the demand of the promotion item. 
Walters & Bommer (1996) came up with finding relationship between product-related factors, 
promotion-related factors and category-level elasticity when promotions are groceries. Concluding from 
Walters & Bommer (1996), the brand price and item category elasticity significantly influence each other 
negatively, which results in low price items by promotion creating higher overall category sales. Even 
promotion items with less stockpile lead to more category sales (Raju, 1992). Items with higher brand 
awareness create cannibalization on items with lower brand awareness in the same product category; 
however it leads to increasing of overall sales in category of the promotion items. From the studies can 
be concluded that different effects have impact on promotion items depending on promotional mix 
characteristics. An overview of all the major effects factors that are considered in the different studies 
are given in table 3. A more detailed description of each factor is given in appendix G.  
 

 
Table 3 overview about the major factors of each study 

 
 
 

Ailawadi et al. (2006) Narasimhan et al. (1996) Ramanthan & Muyldermans (2010) Walters & Bommer (1996)
promotion characteristics category penetration promotional factors product related factors 

discount depth average interpurchase time promotion type brand market share

featured promotions price size of promotion brand price

percentage of items in one category on promotions market share of private label brands duration of promotion product bulk

brand characteristics number of brands in the category price discount shelf space

unit share susceptibility to impulse buying special days brand type

relative advertising susceptibility to consumer stockpiling festivals promotion related factors

relative price holidays frequency of price promotion

promotion frequency seasonal factors magnitude of price promotion

category characteristics temperature variability of price promotion

penetration week in year product displays and price promotion

purchase frequency customer preference

purchase amount products ranks

promotion frequency new/established

average discount depth

distribution

storability

impulse purchase ability

advertising

herfindahl index

number of brands

store characteristics

store square footage

location

competition
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Several promotion forecasting tools are available in the literature. An overview of the most related 
promotion forecast tool to this research will be discussed in this part. These are the promotion forecast 
tools: PROMOTER (Abraham, 1987), PromoCast (Cooper et al., 1999), CHAN4CAST (Divikar et al., 2005) 
and Scan*Pro (Van Heerde et al., 2002). Basically, promotion forecast tools determine which factors 
have affected the promotion sales. But the most important goal of promotion forecast tools are 
forecasting the expected demand during the promotion (Van Heerde et al., 2002). PROMOTER is a 
decision support system for evaluating the promotion response. PROMOTER compares the difference 
between baseline sales and sales during a promotion period. This tool only shows the differences in 
sales and does not show which factors are affected on the sales during the promotion. This was one of 
the first promotion forecast tools to predict the very basic sales of promotion items.  
 
PromoCast (Cooper et al., 1999) forecasts the sales of each promotion item on store level per promotion 
period. The dependent variable is the natural log of the number of items sold in a promotion. This is 
based on 67 different factors, from three aspects. At first, the promotional mix; product, place, 
promotion and price and secondly, the historical sales of the item. Thirdly, the store specific information 
shows where the difference between products on store level will be determined. PromoCast uses a 
multiple regression model to forecast the dependent factors based on the total 67 different factors. The 
forecast accuracy of the PromoCast is checked by comparing the output of the model with the historical 
average sales output. In the study Cooper et al. (1999) the base-time-lift method is used to define the 
sales output by promotion items. The base-time-lift method describes the sales increases in multiple 
during the promotion period compared to the sales without promotion of the same item (the baseline 
sales).  
 
Scan*Pro forecast tool (Van Heerde et al., 2002) focuses on making a forecast of sales on supply chain 
level. The forecast depends on the input from advertising factor, display factor and price factor. The 
output of the forecast will be the unit sales for a brand in a store for certain week. At first, this model 
looks very basic with summation of the independent factors from the given information; the formula of 
the model is given in more detail in the appendix H. The original Scan*Pro can be build out with chain-
specific parameters on store level, chain level and market level for a more accurate model of a specific 
item (Van Heerde et al., 2002; Foekens et al., 1994). Furthermore, dynamic promotion effects can be 
added to the model for forecasting demand effects before and after promotion effect (Van Heerde et 
al., 2002). The goal of the Scan*Pro is to start with a simple model to forecast promotions to, later on, 
build it out with several factors for more accurate model.    
 
A total different forecast model is CHAN4CAST. CHAN4CAST is a basic forecast tool for predicting the 
sales of consumer-packaged goods (Divikar et al., 2005). The model focuses on making a forecast for the 
weekly sales of an item by making linear and log-linear transformation of each factor. Each factor 
predicts the effects of each factor on the promotion sales of a particular item in multiple regression 
models. CHAN4CAST is a general promotion forecast tool for different channels and regions, for example 
drug or military channels. The difference between CHAN4CAST and other forecast tools is the focus on 
different channels and regions where the product is sold, where PromoCast only focus on grocery 
stores. Furthermore, CHAN4CAST can be used with extra additional factors as a promotion forecast tool 
for predicting the sales of promotion items, where other forecast tools can only focus on forecasting 
non-promotion items or promotion items. Furthermore, CHAN4CAST determines the volume sales for a 
total channel or region for a particular item, where Scan*Pro and PromoCast focus on store-level 
demand. Another difference between the tools is the different output of each promotion forecast tool. 
CHAN4CAST, Scan*Pro and PROMOTER forecast the absolute sales, where PromoCast is determined the 
uplift of the sales of promotion item. Thus, depending on which level the demand is forecasted the most 
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appropriate method can be defined. For predicting the demand of promotion items on store level the  
most advanced method is PromoCast as the forecast for demand of promotion items must be made for 
higher level than store-level, the CHAN4CAST and Scan*Pro are the most appropriate method. The 
forecast tool PROMOTER is only useful when the difference between the normal sales and the 
promotion sales must be determined.     

1.7 Contribution to the literature 
The literature overview shows a summary of the promotion forecast tools and the major effects in a 
promotion forecast tool. However, this master thesis project contributes to the literature and gives 
difference insight to the already existing literature. The following points will be discovered in this 
project;   
 

1. No promotion forecast tool has been made for office items. The literature contains a lot of 
information about promotion forecast tool with food items and products in groceries, e.g. 
PromoCast (Cooper et al., 1999), Scan*Pro (Van Heerde et al., 2002) and CHAN4CAST (Divikar, 
2005), but no promotion forecast tool has been made for items in the office sector. Each 
product category reacts differently to promotion effects according to the studies Narasimhan 
(1996) and Ailawadi (2006). This research project will investigate which factors are affected by 
the promotion items in office items. The focus in the research project will be forecasting the 
promotion of office items based on the theoretical knowledge from promotions in other product 
categories.  

 
2. Promotion forecast tool for the mailing medium. In the theory, a lot of information can be 

found on promotion forecast tools why customers came to the store to buy the product. 
However, by Office Depot in the region DACH-BNLX there are no stores for customers. No 
promotion forecast tool has been made yet for demand from mail channel in this perspective. 
General all the characteristics that affect the demand of promotion items are defined in four 
categories in the promotional mix (promotion, product, price and place characteristics) (Jobber 
& Lancaster, 2009; Cooper et al., 1999). However, the place characteristics will be different, 
because instead of stores, another medium is used in this research. The focus will be on the 
medium mail, which will be discussed in more detail in the next chapter. In the study Anderson 
& Simester (2004) long-run effects are found of promotions depth on new and established 
customers by selling through the mail medium. However the focus in this research is about the 
short-run effects on promotions and the effects during the promotion.  

 
3. Selling promotion items only to business customers. In Office Depot in DACHBNLX all the 

customers are business customers. However, all the current promotion forecast tools focus on 
sales to consumers and not to businesses. Companies can react differently to promotions than 
customers. No theory is found about forecast promotion items by selling business to business. 
This project investigates if the same promotion factors by customer selling affect promotion 
sales by business to business selling and if different effects are found by promotion selling 
between consumers and business.  
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2 Project design 
This chapter presents the project design, where the problem definition of this research project will be 
defined. The project design is based on both quantitative as qualitative information from employees at 
Office Depot and information systems at Office Depot. The chapter starts with a   general analysis about 
the current promotions policy at Office Depot. In the next section the problem description is defined, 
after which the scope of the project will be defined. With the scope of the project defined, a short 
analysis about the scope of project will be given and the research questions will be defined. The chapter 
concludes with functional requirements which must be followed for further research in the project.  
 

2.1 Analysis of promotions   
This section consists of two parts. The first part is the analysis of promotion processes at Office Depot. 
The second part is the promotion policy building by the merchandise department.  

2.1.1 Promotion process  

The promotion process for forming a promotion at Office Depot is the same for each promotion scope. 
The promotion procedure starts by the marketing department of a country. The marketing department 
creates an idea for a new promotion based on previous promotions and expertise of the products. This 
step is called the initiate promotion. It is a basic idea of the promotion. The marketing department 
receives advise from the BI (Business Intelligence department, which is responsible for collecting all the 
data on sales output and analysis of the sales within the company) of the previous promotions and 
historical data to form this initiate promotion.  

The next step is to provide data analysis about the promotion; the marketing department discusses with 
the BI department about the expectations of the initiate promotion. The BI department has an advising 
role to the marketing department about what they can expect for the initiate promotion. When the final 
definition and specifications of the promotion are made, the promotion scope, the merchandise 
department is responsible for building the promotion from a basic idea of the promotion scope to 
concrete output, e.g. a promotion in particular page in a promotion book. This step, building promotion, 
takes most of the time in the total promotion process. The last step is deploying the promotion to touch 
point, where the promotion goes on the market. For the last step, the marketing department is 
responsible for the promotion reaching the customer. An overview of the promotion process is given in 
figure 3. The duration of the total promotion process fluctuates, depending on the promotion scope of 
each promotion and the initiation of the promotion by the marketing department. Some promotions 
ideas can be defined for next year and each medium has different preparation time when the output of 
the medium is possible on the market. For example, the total promotion process of the mail medium 
takes over three months but in the e-commerce the total promotion process has a time schedule of one 
month, this exists of the initiate promotion up until the promotion reaches the market.  As mentioned 
earlier, most of the time is used by building the promotion by the merchandise department. This step 
will be discussed in more detail in the next section.  
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Figure 3 promotion procedure at Office Depot 

2.1.2 Promotion building at merchandise department 

The merchandise department is responsible for building the promotion. Depending on the medium, a 
different process must be used for concrete output. In the medium e-commerce, one month before the 
release of the promotion, the merchandise department starts making the promotion for the internet. 
These four weeks are required to design the promotion in the right way for the customer from the input 
in the marketing department. For example, the description of the promotion must be defined how the 
promotion is showed on the internet. The total duration of designing the promotions on the web are 
made is about four weeks and two weeks before the promotion starts, the creative service department 
makes the design output for the internet medium, which all the promotions have satisfied on the Office 
Depot template. The creative service department is responsible for developing the design of each 
output to the customer in medium mail and e-commerce. When the promotion is built, the marketing 
department decides how the output will be defined to customers. For example, which customer 
receives the mail or which promotion is visible one day on the web.  

The medium mail has a total process of thirteen weeks for building promotion in the merchandise 
department. The process starts with four weeks of designing how items and promotions are done in the 
mail. After that, in three weeks the total design of the mail is made by the creative service department.  
Then seven weeks of preparation is left for the promotion build and the merchandise department 
discusses with the creative service department what must be changed in the mail for better mail output 
to customers. For example, is another description required or are bigger letters for particular item 
necessary. Then, the creative service department makes the final design of the mail in one week and 
sends this to the printing-office. The printing-office prints all the mails for sending to customers in four 
weeks. When all the mails are printed, the marketing department is responsible for which customers 
receive the mail.  
 
The merchandise department also makes promotions for the telephone medium; this is only short 
process, because same promotions in the e-commerce and mail are done in the telephone. However, in 
the telephone medium only the employees must know the promotions at the moment. This will be done 
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by sending information bulletin to the employees in the call-center, which building promotions in the 
telephone medium short.  
 
The promotion build for the medium contract is done for each specific customer. Each specific customer 
requires another promotion and each promotion process for contract medium has different durations. 
The merchandise department confers with the marketing department for the promotion process in the 
contract medium.   

2.2 Problem description  
The merchandise department is responsible for communication with the inventory department where 
promotions are done when the promotion is build. Now, the merchandise department forecasts the 
sales of each promotion item and this expectation will be handed to the inventory department to order 
enough items for promotion. However, at the moment not enough information about the sales and 
inventory is given to accurately forecast the promotion item by the merchandise department. In 
practice, the merchandise department makes most of the time no promotion forecast of promotion 
items because the gap of information about the promotion items. Besides when the merchandise 
department makes forecast of promotion the accuracy is not quite well. This results in ordering too low 
extra order or extra orders at all, which leads to higher risks of becoming out-of-stock. On the other 
hand it is possible that the merchandise department has expectations that are too high of some 
promotion items, which means too many will be ordered, which results in stocking more inventory of 
the promotion items than is necessary. There is an urgent need of improvement concerning Office 
Depot.  
   
At the moment xxxxxxxx overstock of promotion items lays in the international division of Office Depot, 
through ordering too many promotion items. However, some promotions items also have a low stock 
during the promotion, which results in running out-of-stock. The forecasting of promotion items is too 
inaccurate at the moment. The supply chain department wants to improve this process for the 
merchandise department, for more accurate forecasting of promotion items for lower operating costs at 
Office Depot.  
 
The general problem description is inaccurate quantity promotion forecasting in Office Depot.  
   
All the different causes of inaccurate quantity promotion forecasting in Office Depot are classified. All 
these elements are covered in the cause-and-effect diagram based on format of Ishikawa (1990), this is 
given in the appendix I with a more detailed description of each cause that is given in the cause-and-
effect diagram. From all the causes a selection has to be made which causes will be considered more in 
depth within the project. Not all the causes can be selected and not all causes can be changed that 
easily, because the time is limited in this project. The following is a selection from the cause-and-effect 
diagram which shows which root causes will be investigated in more detail in this project for 
improvement of the inaccurate forecast of promotion items;   
 

 Low experience creating promotions, at the moment the merchandise department is unfamiliar 
with results of extra sales, because the merchandise department does not know which effects 
influence the demand of promotion items.  

 Forecast promotion is based only on historical data and personal expertise, historical data and 
personal expertise are now the guideline for predicting the demand of promotion items. But 
most of the time there is no historical data known of previous promotion, because there is no 
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information logged by the merchandise department considering previous promotions. A more 
accurate analysis is needed to improve forecasting promotion items.  

 
Comparing the selected causes to the literature, the studies of Cooper et al. (1999), Divikar et al. (2005) 
and Van Heerde et al. (2002) find that using data in promotion forecast tool improve the forecasting of 
promotion items. Furthermore in the studies  Ailawadi et al. (2006), Narasimhan et al. (1996), 
Ramanthan & Muyldermans (2010) and Walters & Bommer (1996) different factors that affect the 
demand of promotion items are found. Further research will be done for which promotion forecast tools 
can be used and which promotion factors are affected in promoting office items.   

2.3 Scope of the project 
Previous section shows the root causes of the problems at Office Depot. A scope for the project is 
defined for project design of this research. This scope of the project is made because the time span of 
the master thesis project and to focus on the root causes to improve the accuracy of forecasting 
promotion items. The scope of the research project will be given in more detail by the promotion scope 
as given in section 1.5. Each category of the promotion scope (country, medium, product, promotion 
category and customer) is described in one sub-section. The scope of this project is defined in 
consultation with my supervisor and from quantitative as qualitative information at Office Depot as the 
most critical part for improvement of the problem as given in the previous section.   

2.3.1 Country selection 
As earlier mentioned in section 1.5, the focus of the research project is on the region DACHBNLX, which 
consist of six countries, namely Belgium, Luxemburg, The Netherlands, Germany, Austria and Swiss, 
where Luxemburg is combined with Belgium as one country operation. For further research a certain 
country has to be chosen to do specific research, because each country has different promotion items in 
promotion and each country sells different items. Moreover, it is impossible to compare the countries 
with each other, because the cultural differences involved by consumer buy behavior differ between 
countries. In the study of de Mooij & Hofstede (2011) most aspects of consumer behavior are culture-
bound by buying products are described. From this perspective one country was chosen to research. In 
the DACHBNLX region, the country Germany is responsible for over XX of the total sales and promotion 
sales, see appendix J for more sales about the DACHBNLX region. The most important reason to pick one 
country with high sales the promotion forecast is, because this country has most potential improving in 
forecasting promotion items. From this perspective, Germany was chosen for this research.   

2.3.2 Medium selection  

Office Depot sells office items through four mediums, as earlier mentioned in section 1.5. Out of these 
mediums, a selection has to be made.  Most of the promotions are done through mail and e-commerce. 
In the telephone medium promotions are done when customers order especially by telephone, 
however, these promotions are seldom and on an irregular basis. A remark must be made, that 
customer can order the same promotions by telephone as by mail and e-commerce. Office Depot does 
not register which sales are done by telephone, only through which medium the promotion was sold. In 
the contract medium, promotions are exclusive for each customer depending on each custom order. 
This means these promotions are different compared to other mediums where general promotions are 
done independent from customers. In e-commerce, a lot of promotions are done by e-mails to 
customers and on the websites of Office Depot. However, Office Depot has only been regulating from 
last year which promotions have been done in the e-commerce. No earlier information about previous 
promotions in e-commerce has been found. Furthermore, control of the e-commerce promotions is 
easier than that of the mail channel, due to shorter interaction time by promotion in e-commerce. More 
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promotions are done through the mail medium than through e-commerce. Besides for Office Depot the 
medium mail is most important medium for generating sales, because more than XX percent of the total 
sales by small medium business (SMB) came from this medium. Besides the medium mail creates brand 
awareness to customer for selling office items at Office Depot. Office Depot sends mails to customers on 
a regular basis. A total of 12 different mails are sent to customers in Germany, however only 2 
promotion books have been sent on a regular basis to customers in the last years. These promotion 
books generate the most sales from promotions in the mail channel and are most difficult to forecast, 
because of the long promotion building and the large impact on the promotion sales, because most of 
sales come still from the medium mail. The focus will only be on these two promotion books in further 
analysis and all other promotions in other books are out of scope. Special promotion mails sent to 
customer on a regular basis every month are called the A-book and Z-book. The A-book is a promotion 
mail with small catalogues with items that are given extra attention through advertising and/or price 
reduction. The Z-book is a small promotion mail with promotions items. The difference between the A-
book and Z-book is the size. The A-book is a large promotion book (around 66 pages) and Z-book is a 
much smaller promotion book on letter format (around 36 pages). Furthermore sometimes these books 
are sending twice to customers as re-mail for extra attention for the book, these books are called A re-
mail book and Z re-mail book. All the items as given in the promotion books are defined as promotion 
items, because of the extra attention for the item. From this perspective, the focus will be on these two 
promotion books in the mail channel, because these books offer the highest improvement potential to 
the problem as given in previous section. In the next part, promotions in these promotion books will be 
analyzed further.   

2.3.3 Product selection 
In Germany, over 10.000 different office items are sold to customers. Each promotion of every different 
item can have a different effect on the demand of the particular item (Ailawadi et al., 2006). In the 
literature, no experience on promotions of office items is found. A start will be made in this research 
project. The selection of product is based on product hierarchy that is given in Office Depot; the product 
hierarchy is mentioned earlier in section 1.4. At the moment, the problem lies at the inaccurate forecast 
on the item level. From this perspective, the lowest level of product hierarchy must be analyzed. 
However, not all promotions can be analyzed because every month over 1000 promotions are done 
through mail. Furthermore, each different product category can react different to promotion effects 
(Narasimhan et al., 1996; Ailawadi et al., 2006). From this perspective, research for promotions is best 
done in one product category. In Office Depot a total of six product categories are given; category 1 
“paper, desk accessories”, category 2 “Facility”, category 3 “general office supplies, writing instruments, 
filling”, category 4 “furniture”, category 5 “business machines, computer hardware, peripherals” and 
category 6 “computer accessories”. The focus will be one of these product categories. Focusing on the 
promotion books, the paper category shows the highest sales and highest shipping quantities; see more 
detailed description is given in appendix K. Besides the paper category applies as the purchase 
acceleration in Office Depot for generating more purchase of office items. From this perspective, the 
paper category is most fit as a research product group to analyze promotion items. Other categories of 
office products will be compared to the improvements of the research in the paper category (category 
1), because Office Depot wants a promotion forecast tool for all different promotion items. The product 
category ink and toner (category 6) will be analyzed after the paper category to check if this research 
can be applied to promotion items in other product categories too. Following the paper category, most 
sales from promotion books come from ink and toner category, as can be seen in appendix K.   
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2.3.4 Promotion category selection  
Office Depot has different promotion instruments that are used in the mail medium. In section 1.5 is 
found that mail medium uses promotion instruments premiums, price discount and advertising 
products. However not all promotion instruments can be considered, because the gap of information in 
the promotion instrument premiums of Office Depot. At premium promotions, it is unknown which free 
gift is given away next to the promotion item. This is important characteristic for further analysis of 
premium promotion (Ong, 1999). Besides, premiums are reacted on differently than price reduction and 
advertising products (D’Astous and Landreville, 2003). But the other promotion instruments have 
enough detailed information about the promotion item. From the analyzed information in Office Depot 
is decided the promotion instrument premiums will be out of scope and the focus will be on the 
promotion instruments price discount and advertising items in further research. 

2.3.5 Customer perspective selection  
The customer perspective in the mail medium is based on the mail quantity which consists on different 
customer segment groups. Each customer is defined in a customer segment group depending on 
previous purchases, first order date and how many orders have been done at Office Depot. The 
marketing department decides, depending on the budget of the promotion scope and which customer 
segment groups generates the most potential sales, which customer segment group receives the mail. 
This results in customer segment groups who order frequently receiving more mails. This means that 
customers, who order most, receive a promotion book every month, and customers who order less, only 
receive the promotion book once every two or three months. The focus in Office Depot is forecasting 
the promotion items based on mail quantity and not on the selected customer segment groups. From 
this perspective no further research will be done on the compilation of the customer segment groups, 
the mail quantity will be the customer selection in the scope of this project. Furthermore, all customers 
of Office Depot in DACH-BNLX are business customers. This means reactions to promotions could be 
different from consumers (Cooper et al., 1999; Divikar et al., 2005). In this region, Office Depot only 
focuses on selling to business to business.   

2.3.6 Overview about the scope of the project 

In the previous sub-sections the scope of the project was given; a short overview will be given below. 
The project will be focusing on the five categories of the promotion scope;  

 Country will be Germany.  

 Medium is the mail channel, where promotion books (A-book and Z-book) will be the main 
focus. 

 Product category, the main focus is on the promotion items in the paper category. Afterwards 
the same research will be done in the category ‘ink and toner’.  

 Promotion category, price reduction and advertisement the product will be the main focus. 
Other promotions styles will be out of scope.  

 The customer perspective is based on the mail quantity for each promotion book.  

2.4 Analysis of promotions in the mail medium 
In the previous section the project scope was created. A short analysis of this project scope will be 
defined, to make the promotion through the mail medium in Germany clearer. In this chapter, the focus 
lies on the four promotion books, which will be considered further in research.   
 
From the analysis in Office Depot is found, that sales of each promotion fluctuate every month. This is 
mainly explained by the different mail quantity of each promotion book, but even when the mail 
quantity of each book for each month is known, the average sales per customer is not the same, more 
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detailed information is given in appendix K. Possibly, seasons could affect the demand of office items. 
Seasons have some effect on the sales of office items, according to internal information at Office Depot.  
 
Other aspects are the promotion items in the promotion mails. In each promotion book different 
promotion items are shown. However, some items are regular in promotion. Some promotions are done 
through different mediums, which could affect the promotions in the mails. Customers can switch 
between items or buy the promotion through a different medium by Office Depot (Kraft & Mantrala, 
2006). However at Office Depot, it is unknown which previous promotions were done in the promotion 
book and which promotions were done in other mediums. But, several sales of items were found to be 
affected significantly by promotions in the A-book and Z-book, what means by doing promotion the 
sales increase significantly in this period than the period without promotion. This means it is important 
to be able to forecast the sales of items during the promotion period. In appendix K a more detailed 
overview is given of some promotion items on the regular sales quantity and promotion quantity.  The 
main problem of analyses on promotions done by mails, is that previous promotion are not yet analyzed 
and no detailed promotion description are saved from previous promotions, when, for example 50 % 
discount or 1 + 1 free promotion is given to a promotion item. However, the price reduction of each 
promotion item is registered at Office Depot as promotion information.   
 
In Office Depot there are six different product categories, which are mentioned earlier in section 1.4. In 
each category promotions are given in the promotion books. The category 1 “paper, labels”, category 3 
“filing, general office supplies, writing Instruments” and category 6 “printer supplies & computer 
accessories” generate the most sales from these promotion books, but the most sales came from the 
category 1 “paper, labels”, category 3 “filing, general office supplies, writing instruments”. 
 
Each promotion book has a lot of promotions every month. In the A-book, a total of over 1000 different 
items are promoted every month and in the Z-book has over 350 different promotion items. In general, 
most of the promotions items are done in the categories 3 “filing, general office supplies, writing 
Instruments” and category 6 “printer supplies & computer accessories”. Office Depot, the categories 1 
“paper, labels” and category 6 “printer supplies & computer accessories” contain most potential 
promotion items, because these promotion items are the sale drivers for Office Depot. Besides, when 
customers order promotion items from these two categories, its item’s value adds to higher purchase 
acceleration of office items by customers. From this perspective, the research is focused on these two 
categories.  

2.5 Research questions  
The research questions for this project are based on the previous sections, especially on the sections 
contribution to the literature and the scope of the project that is given. Currently, no factors that affect 
the demand of promotion items are known at Office Depot. In the study of Ailawadi et al. (2006), 
Narasimhan et al. (1996), Ramanthan & Muyldermans (2010) and Walters & Bommer (1996) different 
effects are found, that can influence the sales of promotions. These theoretical perspectives from these 
studies are used to find potential promotion factors by promotion items in Office Depot. Afterwards, an 
improvement for forecasting promotions will be suggested to create a promotion forecasting tool. In the 
study of Cooper et al. (1999) and Divikar et al. (2005) a promotion forecast tool is made, which takes the 
promotion factors that might affect the demand of the promotion in account. How applicable this will 
be for the promotions at Office Depot will be researched. Finally, the contribution of the forecasting 
model to forecasting accuracy and size of stock leftovers by promotion items will be researched.  
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Therefore, the research question for the master thesis project is defined as:  

How to improve the forecast accuracy of promotion items at Office Depot?  
 
Related to the research question are given several sub questions:   

 Which factors affect the demand of promotion items in the paper category? 

 Which factors should be taken into account when building the forecast model, to estimate the 
demand of promotion items?  

 What are the parameters and weights of the selected factors in the model to forecast the 
demand of the promotion items?  

 How applicable is the forecast model for promotion items in the category ink and toner when 
using the model with the same factors?  

 What is the contribution of the forecast model used regarding forecast accuracy and size of 
stock leftovers? 

2.6 Functional requirements 
The design of the model in the research project must be satisfied by the functional specifications for 
improvements of the selecting cause, the inaccurate forecasting of promotion items (van Aken et al., 
2007).  
 

 Simplicity of the final forecast model, the model must be easy to use by all employees and 
everybody has to be able to understand the model.  

 The information regarding the forecast model must be provided in enough detail for the 
company. A forecast must be made on product level for accurate forecasting in the company. 
Forecasting in higher levels than product level is not accurate enough in Office Depot.   

 Provide clear guidelines using the model in practice. Use of the model for forecasting promotion 
items has to be clear for all employees, while preventing unambiguous use of the model for 
inaccurate forecasting of promotion items.   

 Set optimal parameters, the model can be fine-tuned by changing the parameters based on 
different items, product categories or even other factors that might play a role on forecasting 
promotion items.    

 The realization of the model must be changed as little as possible the procedure of making 
promotions in the present organization.  
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3 Research design  
The research design for the scientific model will be defined in this chapter. In this part, a start will be 
made to analyze and diagnose the steps of the regulative cycle from the problem definition, which was 
defined in the previous chapter. Firstly, the aggregation level of the research will be discussed. Next the 
scientific model of the research project will be defined. Finally the dependent and independent factors 
of the model will be defined.    
 

3.1 Aggregation level of the research 
In Office Depot items are divided in a product hierarchy to specify each unique item, as mentioned in 
section 1.4. Forecasting can be done on different levels in the product hierarchy.  For further research, 
the aggregation level of the forecasting model has to be defined to improve the problem description 
given in the previous chapter.  
 
According to the study of Pervin (1989), individuals within organizations are not only affected by 
measures of individual attributes but also by measure aspects of the environment. Researching these 
effects at Office Depot, the demand of items in the lowest level of the product hierarchy could be 
affected by individual effects and even by effects of higher levels (group effects). From this perspective, 
both factors on group levels as well as individual levels must be considered. In the study of Hofmann 
(1997) cases are described where more than one level of analyses exists as in this research perspective. 
For the product hierarchy of Office Depot, there are three main options to analyze data; disaggregating 
data (detailed model), aggregating data (generalization model) or combining disaggregated and 
aggregated data in the hierarchical model.  
 
Disaggregate data means each unit in a lower level will receive a score as being part of the higher level 
where this specific unit is nested. The drawback of using this method is the independence of observation 
assumptions that underlie in traditional statistical approaches, which not can be satisfied by 
disaggregating data (Bryk & Raudenbush, 1992). Ignoring multilevel structures by using this method 
leads to drawbacks; the independence of observations is violated and the standard error and statistical 
tests can be invalid, because the higher level units are based on the total number of lower level units.  
 
By aggregating data, the lower level units are aggregated in higher level (Hofmann, 1997). The 
drawbacks of using this method are that potential meaningful individual level variances in the outcome 
are ignored. The aggregated variables refer to higher level, but not directly to the lower levels. The loss 
of power and loss of information from the lower levels are drawbacks using data aggregation.  
 
Hierarchical linear models represent a possibility to deal with hierarchically nested data structures. This 
analysis overcomes the weakness of the disaggregated and aggregated approaches and includes both 
individual as well as group level factors. In this analysis, the partial interdependence of individuals within 
the same group is recognized (Hofmann, 1997). The model can be used explicitly both within and 
between group variances, which results in finding effects on multiple levels in the model. The influence 
of higher level on lower level outcomes can be found, while the appropriate level of analysis is 
maintained (Hofmann, 1997). The hierarchical linear model is the best way to use, since both 
disaggregated as aggregated data has been used. First, all involved data must be defined at Office 
Depot.    
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In consultation with the employees at Office Depot, having promotion forecasting on the lowest level of 
the product hierarchy is most important. This means forecasting on item level. More aggregated data is 
not acceptable, because forecasting on product category level is less important. The hierarchical linear 
model can be considered for further research. However, one category will be considered for further 
research, which is the paper category. This paper category has only five sub categories, which are too 
few group categories for any further analysis by using hierarchical linear model. The other office 
categories are used to compare to the results of the paper categories. No further group factors will be 
included into the model; this will be discussed later in this chapter by section 3.4 in more detail. Another 
option for further analysis is defining a hierarchical linear model where the group levels will be the 
promotion book and the individual level the different promotion items in each promotion book. A total 
of 77 promotion books are found in this research. A hierarchical linear analysis is possible with 
promotion books as group level. A short analysis about this hierarchical linear model will be made to 
explain the variation on the different demands of promotion items. The result was very low; less than <5 
% is explained by the different promotion books on the demand of promotion items in paper category. 
Besides, building a hierarchical linear model is complex when many influence factors are involved in the 
model. In this research, no effect factors of demand promotion items have been defined yet. First must 
be considered which factor has to be included into the model and afterwards a hierarchical linear 
analysis has to be used to define which group level factors and individual level factors are involved in 
this research. However, the time of this project is limited and a selection must be made on which 
aggregation level the research will be focused. After consideration with Office Depot, the most 
important level is on disaggregated level to define the affected factors by forecasting the demand of 
promotion items. The next step is creating a hierarchical linear model, but because the time is limited 
this research is not done in this project. This model would be nice follow-up research.  From these 
perspectives, the method disaggregated level will be used in further research.    

3.2 Scientific model 
For further analysis, a scientific model must be defined which meets the assumptions defined in the 
previous chapters and in previous section. In the literature, many authors focused on forecasting models 
to forecast the demand of a particular product by retailers, especially grocery stores (Cooper et al., Van 
Heerde et al., 2002). Jobber & Lancaster (2009) categorized forecasting models into two different 
families; qualitative and quantitative. Concluded from the study of Cooper et al. (1999), the most 
common promotional forecasting techniques within organizations are based on last like promotion. The 
exact same amount of the product is forecasted for the next promotion. This kind of promotion is based 
on judgmental promotion forecasting, which is a qualitative forecasting technique. Qualitative forecast 
technique is based on judgmental influences. Based on findings in the literature and the acquired 
information in the organization, a judgmental forecast policy may not be the most appropriate way to 
forecast promotional sales. The most appropriate way of forecasting promotional sales is the 
quantitative forecast technique. In Jobber & Lancaster (2009) the quantitative forecast model is 
distinguish in two categories; time series analysis, in which the only depending variable is time, and 
causal forecast techniques, which are forecasting models where the relationship between measurable 
independent variables and forecast dependent variables are used to forecast the sales of a product. 
According to Van Donselaar et al. (2005) the usage of time series in promotional forecasting is not 
recommended, because market knowledge of the product is required. Thus, it takes a lot of time to 
predict the sales of promotional items that way. However, in the current situation of Office Depot this 
requirement can’t be satisfied, because only few data of the same particular promotion items are found. 
This leaves just one forecasting technique to use to forecast the sales of the promotion items, the causal 
forecast techniques.  
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The causal forecasting technique is based on measuring one dependent variable depending on several 
independent variables. In the studies Divikar et al. (2005) and Cooper et al. (1999) a regression model is 
used to forecast the demand of the promotion item as a causal forecast technique. Based on the 
literature review, the project design and the requirements of Office Depot, this forecast technique is 
most suitable to use in further research. The regression model can be used to find factors that affect the 
promotion items and to forecast the demand of promotion item. Furthermore, the regression model is 
easy to use, as demanded by the functional requirements given in the previous chapter. To forecast the 
demand of promotions item, both a single linear regression and a multiple linear regression can be used. 
Single linear regression is of little importance here, because then only one independent factor is 
included in the model to find the output of dependent factor and probably more than one independent 
factor affected the output in this research (Field, 2005). From this perspective and the defining scope in 
the previous chapter, the most appropriate forecasting model to use is a multiple linear regression 
model to predict the demand of the promotion items in the research. 

3.3 Dependent factor 
Before all independent factors will be defined for the forecasting model, the dependent factor will be 
defined first. In Cooper et al. (1999), the use of lift a factor is mentioned as a dependent factor in the 
regression model. The lift factor is based on the promotional sales / baseline sales in a particular period. 
However, the baseline sales in Office Depot are not accuracy enough in this research, because multiple 
medium are taken into account in the total baseline sales of one particular item; other promotions in 
other mediums can affect the baseline sales, which results in an inaccuracy baseline for the lift factor in 
this research. Besides, Office Depot is more interested in forecasting the demand of promotion items in 
mail during the total promotion period. In the study of Van Heerde et al. (2002) unit sales of the brand, 
calculated per week, for each store separately are used as a dependent variable. At first, the SCAN*PRO 
model from Van Heerde et al. (2002) doesn’t look like a causal forecasting technique. However, in the 
study of Van Heerde et al. (2002) the SCAN*PRO is used as regression model to predict the demand of 
promotion items, which is a causal forecast technique. Even in the study of Divikar et al. (2005) a 
forecast model is used where the dependent factor is the absolute sales volume. The advantage of 
forecasting the absolute unit sales of items means only the sales of one item are forecasted. No 
transformation is needed for the output of the model. This means the output and the dependent factor 
are suitable for this research environment, because they are easy to use; which is given as one of the 
requirements for further research in section 2.6.  
 
The dependent factor in the research will be the total sales of the promotion items on Stock Keeping 
Unit (SKU) Level in the promotion books. Based on the requirements of Office Depot, this is the most 
appropriate dependent factor to forecast. The promotion period in the promotion books are 
approximately the same, around 40 working days, which is 8 weeks. The difference in duration of the 
promotion period depends on holidays during the promotion period. When a holiday occurs during the 
promotion period, the duration is one day shorter, because a holiday is not considered a working day. 
Sales of promotion items are expected to not equally spread over the promotion period, because over 
XX % of the sales take place in the first 15 days. In appendix L a detailed overview of the average sales 
per day of a promotion item is given. The reason for the sales boost in the first days of the promotion is 
because the mails are sent on the first day of the promotion. Customers are not reminded a second time 
by Office Depot. This creates the possibility that customers may forget about the promotion while it is 
still up or customers have already ordered enough for the next periods. Most important for Office Depot 
to know, is the total demand of a specific promotion in the total promotion period to anticipate on extra 
sales. Therefore, the dependent factor of the research project will be the sales of the promotion item 
during the total promotion period of the promotion book. However, considering the impact of the 
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demand of the promotion items to the baseline sales would be good. Although, the baseline sales for 
the medium mail are difficult to define, because the demand of items depends on when a (regular) book 
is sent and on which consumers get the book. A better comparison can be made by the baseline sales 
independent of the medium. This baseline is much higher for one medium, however it is still the most 
accurate baseline to use in this research. The dependent factor is defined as the total sales of the 
promotion item.  During the total promotion period of 8 weeks a comparison can show what the sales of 
the item in previous 8 weeks will be. An uplift can define how the sales of the total promotion period 
compared to the total sales of 8 weeks what the extra sales should be during the promotion. A total 
effect of the promotion item on the total period can be compared to the total sales of all the mediums.  

3.4 Independent factors 
Now all the factors that can influence the dependent factor will be defined in this part for an accurate 
forecasting model of promotion items. Each factor will be described in more detail and a selection 
between factors to be included in the forecast model will be made. All factors of the forecasting model 
are divided into five categories. The first four categories are based on the theory of the promotional mix; 
product characteristics, place characteristics, promotion characteristics and price characteristics, as 
earlier mentioned in section 1.6 in the overview literature. The fifth category consists of the remaining 
factors which do not fall in one of the categories of the promotion mix; these factors can also affect the 
demand of the promotion items. The factors are selected from the available literature compared to the 
situation in Office Depot that might affect the demand of the promotion items and from experience 
from Office Depot.  

Below each category the factors from four perspectives that might affect the demand of the promotion 
items, the dependent variable in the model will be given. A table is given in each section where each 
factor of the category the four perspectives is described. First, a short description of the factor will be 
given. Second, the reference of the factor will be given, where the factor from both theoretical 
perspective and practice perspective are chosen as factor that can affect the demand of promotion 
items. Theoretical perspective shows which literature is used in this factor as an independent factor to 
forecast the demand of promotion items. The practice perspective states that Office Depot has collected 
this information from promotion items in the past. Office Depot categorized this as a possible factor that 
could affect the demand of promotion items, according to expertise from the merchandise department 
and interviews. Thirdly, each factor will be defined to see whether it is measurable or not for practical 
situations in Office Depot. A factor is measurable, when the data can be collected by Office Depot for a 
promotion item in the paper category. Some factors might affect the demand of the promotion item, 
but these cannot be measured, due to lack of information at Office Depot. Fourthly, each factor is taken 
into account as an independent factor in the research model. Whether or not to take the factor into 
account in the model depends on the fact if it is measurable in Office Depot and what the importance of 
the factor is in the model from both a theoretical perspective and a practice perspective in consideration 
with Office Depot. After each table, a short detailed description of the factors that are taken into 
account is given. The factors that are not selected for the model are given in a more detailed description 
in appendix M. In general, these factors are not measurable in this research or the factors were not 
important enough to take into account for further research. After the five categories, the differences of 
factors between the paper and the ink and toner categories will be discussed. Some factors are defined 
specific for one category, because these factors do not apply to other office categories. In a later phase 
of the research, the forecasting model will be compared to the ink and toner category. However, some 
factors must be left out and other factors will have to be taken into account to compare the different 
categories. The section ends with an overview of all factors with their measurement and scale which 
taken into account for the forecast model. 
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3.4.1 Product characteristics  

 
Table 4 factors of product characteristics for forecast model 

 
In table 4, all the factors of the product category are given. For each factor in this category, item specific 
characteristics are defined which influence the demand of the promotion item.  From table 4 can be 
concluded that a total of four factors are taken into account for the forecasting model. These factors are 
product size, normal purchase amount, product type and baseline sales. In the studies of Walters & 
Bommer (1996) and Ramanthan & Muyldermans (2010) is shown that different sizes of the same item 
can affect the demand of a particular promotion item. In Office Depot is assumed that the different sizes 
of the item might affect the promotion sales on item level. In the paper category there are different 
pack sizes. From this perspective, the product size will be taken into account for further research. Office 
Depot sells to business to business, where most of time, orders are larger than one item each time. 
There are different reasons for this, e.g. time reducing or lower price (which will be given in more detail 
in the price category). Most customers order an average amount of a particular item. When an item is 
on promotion, this promotion could influence the fact that the customer could order more than usual 
(Ailawadi et al., 2006). From this perspective, the factor normal purchase amount will be considered for 
further research.  
 
Another factor that will be taken into account is the product type. In the paper category, different items 
are defined in sub categories depending on the type of paper; these sub categories were given earlier in 
section 4.1. This means there is a possibility that sales of promotion items depend on the type of paper. 
The last factor of the product category is the baseline sales. In the studies Divikar et al. (2005) and 
Cooper et al. (1999) is concluded, that the baseline sales for each item are important to forecast the 
promotion sales. The average sales of an item give an indication of the demand during the promotion. In 
this research, the baseline sales are defined as the average sales per week during eight weeks before the 
promotion starts. This assumption is made, because of the sales trend of each specific item. In Office 
Depot, the total sales quantity fluctuates during every year; a more detailed figure is given in appendix 

Product characteristics  

Factor Description Reference of the factor Measurable In model

Market share The share of an item in the total 

sales of a category

Theoretical perspective; Narashim et al. (1996), Ailawadi et al. 

(2006) and Walter & Bommer (1996)

Yes

Brand type Different brand Practice perspective of Office Depot and theoretical 

perspective; Ailawadi et al. (2006)

Yes

Purchase frequency The frequency which a item is 

bought  by customers 

practice perspective of Office Depot and theoretical 

perspective; Ailawadi et al. (2006) and Narashim et al. (1996)

No

Product size The amount of the item (e.g. 500 

pages or 250 pages)

Practice perspective of Office Depot and theoretical 

perspective; Walters & Bommer (1996) and Ramanthan & 

Muyldermans (2010)

Yes X

Product specifications Sort of item (e.g. color paper or 

white paper)

Practice perspective of Office Depot Yes

Normal purchase amount The average quantity of each 

order for the item 

Practice perspective of Office Depot and theoretical 

perspective; Ailawadi et al. (2006)

Yes X

Forecast promotion sales Forecast of the expected demand 

in the promotion period

Theoretical perspective; Cooper et al. (1999) No

Ability to stockpile The degree which a product 

category is easy to stockpile for 

customer

Theoretical perspective; Narashim et al. (1996), Ailawadi et al. 

(2006), Mace & Neslin (2004) and Raju (1992)

Yes

Brand awareness How customers are related to 

specific item

Theoretical perspective; Walters & Bommer (1996) and 

Ailawadi et al. (2006)

No

Product type Which product category is 

analyzed

Practice perspective of Office Depot Yes X

Baseline sales The average sales in the last 8 

weeks of the item (total sales)

Practice perspective of Office Depot and theoretical 

perspective; Cooper et al. (1999) and Divikar et al. (2005)

Yes X
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K. From this perspective, the average sales of the previous 8 weeks are taken into account to show the 
trend of the item.  

3.4.2 Place characteristics 

 
Table 5 factors of place characteristics for forecast model 

 
 In the category place characteristics, all factors that influence the demand of the promotion item 
depending on the place are included. In this research, the place characteristics are the mail medium 
where the promotion item is sold.  Unfortunately, literature has little information about promotions in 
mails. From this perspective, most factors have been found through research at Office Depot. The 
number of pages of the book will be taken into account as a factor, because the total pages of the 
promotion books fluctuate each month. The demand of promotion items could be higher when more 
promotions in one book are listed. From this perspective, the total pages of the promotion book will be 
taken into account in the model, because this factor might affect the promotion sales on item level. 
Another factor to be taken into account is the mail quantity of the book. Every promotion book is sent to 
a certain number of customers. This depends on the number of customers able to see the promotion, in 
order to buy the promotion. When more customers know about the promotion, chances are the 
demand of the promotion item will be higher. Another factor in the place category is the response rate 
on the book in the previous year. In Office Depot, the percentage of customers who order from the 
promotion book is calculated. Some promotion books sold a lot more than other promotion books. The 
response rate of the book can be affected by different things, e.g. seasonal effect or specific good 
promotions in the book. Office Depot uses the response rate from the same promotion book in the 
previous year to forecast how many customers order from the next promotion book. This factor might 
affect, even on item level, the sales of the promotion. From this perspective, this variable will be taken 
into account for further research. The last factor that will be taken into account in the model from the 
place category is the folder type. Office Depot sends different types of promotion book to customers. A 
total of four different type of promotion books will be taken into account, namely the promotion books 
A book, Z book and the re-mails of the A book and Z book. Depending on which promotion book is sent 
to a customer, because every promotion book type has different aspect, effects can be different of 
customers reacting on promotions. From this perspective, the kind of promotion book type used by the 
promotion item is taken into account.  
 

Place characteristics 

Factor Description Reference of the factor Measurable In model

Pages of the book How many pages have the 

promotion book

Practice perspective of Office Depot Yes X

Mail quantity of the book How many customers get the 

promotion book

Practice perspective of Office Depot Yes X

Country of the mail Which country is the promotion 

done

Practice perspective of Office Depot and theoretical 

perspective; Divikar et al. (2005)  and De Mooij & Hofstede 

(2011)

Yes

Selecting of the customers Which customers are selected for 

the promotion

Practice perspective of Office Depot No

How reacts each selected 

customer group

Which customer really react on 

the product

Practice perspective of Office Depot and No

Purchase amount on mail 

level

What is the average different 

items per ordering from the book 

Practice perspective of Office Depot and theoretical 

perspective; Narashim et al. (1996)and Ailawadi et al. (2006) 

No

Sales of promotion book What is the total sales of the 

promotion book

Practice perspective of Office Depot  Yes

Response rate of book in 

previous year

The percentage how many 

customers order from the total 

mail quantity from the same 

promotion book in previous year 

Practice perspective of Office Depot  Yes X

Folder type Which type of (promotion) book Practice perspective of Office Depot  Yes X
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3.4.3 Promotion characteristics 

 
Table 6 the factors of promotion characteristics for forecast model 

The promotion category describes how the factors of the item are promoted. From table 6, five factors 
are taken into account for the forecasting model for further research. These factors are previous 
promotion sales, promotion frequency, page amount in the promotion book, size of advertising and 
height of advertising. According to the studies Wansink (1994) and Cooper et al. (1999), advertising the 
promotion is important for the demand of the promotion item. From this perspective, the page in the 
promotion book where the promotion is done, the size of the advertising and height of advertising in the 
promotion book for each specific promotion are taken into account. Furthermore, studies Cooper et al. 
(1999), Walters & Bommer (1996) and Ailawadi et al. (2006) show that it is important to know the 
previous promotion demand and the frequency of promotions that are given. In Office Depot the 
previous promotion demand on item level and even the last month of the promotion given in the same 
promotion book is registered. In consideration with Office Depot, these factors are most relevant to take 
into account from the promotion category and these probably have effect on the demand of promotion 
items.   

3.4.4. Price characteristics  

In table 7, all the factors of the price category are given. With promotion items at Office Depot different 
price reductions are given. First, the price discount compared to the normal price, this are the factor 
relative discount depth and absolute discount depth, where the relative discount depth shows the price 
reduction in percentage and the absolute discount depth shows the absolute difference between 
normal prices and discount prices. Second, it is important to know the absolute normal price and the 
absolute promotion price as a factor for demand of the promotion item according to the studies Walters 
& Bommer (1996), Cooper et al (1999), Divikar et al. (2005) and Van Heerde et al. (2002).From this 
perspective, the absolute promotion price and non promotion price will be taken into account. Besides 
this, Office Depot gives a price discount per item when customers order more of the same item. The 
lower price by ordering more of the same item can boost the customer into ordering more of the same 
item and maybe even more when the item is on promotion. From this perspective, the maximum price 

Promotion characteristics  

Factor Description Reference of the factor Measurable In model

Previous promotion sales Sales in previous promotion 

period

Practice perspective of Office Depot and theoretical 

perspective; Cooper et al. (1999)

Yes X

Purchase amount on item 

level

What is the average quantity of 

ordering promotion item in the 

promotion book 

Practice perspective of Office Depot and theoretical 

perspective; Ailawadi et al. (2006)

Yes

Percentage of all  items in 

one category on 

promotion

percentage of all  items in one 

category are in promotion

Theoretical perspective; Ailawadi et al. (2006) and Narashim 

et al. (1996)

No

Promotion frequency How many times is the same item 

on promotion in last 3 months

Practice perspective of Office Depot and theoretical 

perspective; Ailawadi et al. (2006), Walters & Bommer (1996), 

Narasimhan et al. (1996) and Cooper et al. (1999)

Yes X

Penetration Response rate of the customers 

who bought the item from the 

book

Practice perspective of Office Depot and theoretical 

perspective; Ailawadi et al. (2006) and Narashim et al. (1996)

Yes

Extra promotion 

information

Extra information of the 

promotion action

Practice perspective of Office Depot and theoretical 

perspective; Ailawadi et al. (2006), Cooper et al. (1999) and 

Ramanthan & Muyldermans (2010)

No

Page in promotion book Where advertising the promotion 

in the book 

Practice perspective of Office Depot and theoretical 

perspective; Wansink (1994)

Yes X

Size of advertising The size of the advertising in the 

promotion book

Practice perspective of Office Depot and theoretical 

perspective; Ailawadi et al. (2006), Wansink (1994), Cooper et 

al. (1999) and Van Heerde et al. (2002)

Yes X

Height of advertising The page position of the 

advertising in the promotion 

book

Practice perspective of Office Depot and theoretical 

perspective; Cooper et al. (1999)

Yes X
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discount by ordering more is taken into account for further analysis. Even the factor of lower prices by 
ordering more during non promotion of the item will be taken into account, to see if this already affects 
sales of the item. This will be checked as a relative and as an absolute factor. Furthermore, some items 
are given different prices depending on the number of items ordered. The number of different prices 
may affect the demand of the promotion item. This will be checked by the number of different prices 
given to promotion items and the number of different prices of non-promoted items to check if any 
different prices affect the sales of promotion items.   

Table 7 factors of price characteristics for promotion model 

3.4.5 Other factors   

Table 8 factors of other category for the forecast model 

 
Beside the four categories of the promotion mix, there are some other factors to be taken into account 
for the forecasting model in this research. The dependent factor is the demand of the promotion item 
during the whole promotion period. The promotion length is around 40 days, depending on holidays 

Price characteristics  

Factor Description Reference of the factor Measurable In model

Absolute discount depth absolute difference between 

normal price and promotion 

price of an item

Practice perspective of Office Depot and theoretical 

perspective; Walters & Bommer (1996) and Cooper et al. 

(1999)

Yes X

Relative discount depth percentage price discount 

between normal price and 

promotion price of an item

Practice perspective of Office Depot and theoretical 

perspective; Ailawadi et al. (2006), Cooper et al. (1999) and 

Raju (1992)

Yes X

Relative price brand price, relative to the 

competing brands 

Practice perspective of Office Depot and theoretical 

perspective; Ailawadi et al. (2006) and Bolton (1989)

No

Absolute non promotion 

price

The absolute non promotion 

price of an item

Practice perspective of Office Depot and theoretical 

perspective; Walters & Bommer (1996)

Yes X

Absolute promotion price Absolute promotion price Practice perspective of Office Depot and theoretical 

perspective; Cooper et al. (1999), Divikar et al. (2005) and Van 

Heerde et al. (2002)

Yes X

Product bulk promotion 

item

Get the customer a lower price of 

the promotion item when order 

more 

Practice perspective of Office Depot and theoretical 

perspective; Walters & Bommer (1996)

Yes X

Product bulk non 

promotion item

Get the customer a lower price of 

the item when order more when 

no promotion is given  

Practice perspective of Office Depot Yes X

Absolute maximum price 

discount by ordering more 

promotion items 

maximum price difference of 

promotion item when order more 

in one time 

Practice perspective of Office Depot Yes X

Absolute maximum price 

discount by ordering more 

non promo items 

maximum price difference of non 

promo item when order more in 

one time

Practice perspective of Office Depot Yes X

Relative maximum price 

discount by ordering more 

promotion items 

percentage maximum price 

difference of promotion item 

when order more in one time 

Practice perspective of Office Depot and theoretical 

perspective; Narashim et al. (1996) and Walters & Bommer 

(1996)

Yes X

Relative maximum price 

discount by ordering more 

non promotion items

percentage maximum price 

difference of promotion item 

when order more in one time 

Practice perspective of Office Depot and theoretical 

perspective; Narashim et al. (1996) and Walters & Bommer 

(1996)

Yes X

Factor Description Reference of the factor Measurable In model

Promotion length How long is the promotion period Practice perspective of Office Depot and theoretical 

perspective; Ramanthan & Muyldermans (2010)

Yes

Seasonal effect Play a role which month the 

promotion is started

Practice perspective of Office Depot and theoretical 

perspective; Divikar et al. (2005) and Ramanthan & 

Muyldermans (2010)

Yes X

Holiday An holiday in the promotion 

period

Theoretical perspective; Cooper et al. (1999), Divikar et al. 

(2005) and Ramanthan & Muyldermans (2010)

Yes X

Summer holiday Falls the promotion period in the 

summer holiday
Practice perspective of Office Depot Yes X

Other factors
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during the promotion period. It is important to know if a holiday has to be taken into account, because 
this might change the demand of the promotion item. Furthermore, sales of office items are affected by 
seasonal effects; see appendix N. The duration of the promotion is quite long. 40 working days are eight 
weeks and, from this perspective, there is a chance of seasonal effect affecting the demand of 
promotion items. In the forecasting model, the month in which the promotion period starts is taken into 
account as a seasonal effect for the period when the promotion period is done. Next, the factor summer 
holiday will be account in the model, because the overall sales in paper category during the summer 
holidays are significant lower than during other months. This can affect the sales of promotion items.  In 
appendix N a more detailed overview of why seasonal effects and holidays are taken into account of the 
model is given.   
 
3.4.6 Difference between factors of paper category and ink and toner category  
The focus of the research is on promotion items in the paper category. However, the results of the data 
will be compared to data from the ink and toner category. Not all factors can be compared to data from 
ink and toner category, because not all these factors affect this category. It is important to define these 
product specific characteristics, because in each category different product specific characteristics can 
affect the demand of promotion items. In the ink and toner category no product type is given. Besides, 
the items in the ink and toner category are not sold in different product sizes. Instead, one specific 
factor for items in the ink and toner category is found. This factor is called the product difference factor, 
which means whether an item is sold with ink with one color, black or in multipack (where 3 or 4 colors 
are given). This factor will be taken in account in the forecast model of ink and toner category instead of 
the factors product size and product type. Furthermore, this factor is measurable in Office Depot and 
only has a practice perspective. In table 9 an overview about the different factors in each category is 
given. In table 10 an overview about the different factors in each category is given.      
 

 Table 9 factors of product category specific characteristics of the forecast model    

3.4.7 Overview factors in the model 

An overview of all the factors that will be taken into account, which are mentioned in the previous sub 
sections, is given in table 10. Next to each factor the measurement and scale is given. For further 
analysis it is important to know how each factor is measured and what the scale of each factor is for an 
appropriate multiple method of analysis (Hair et al., 2009). The measurement describes how the factor 
is figured in the perspective of Office Depot. A factor is defined as a percentage, value or in different 
groups. The scale defines the factors to be nonmetric or metric data, where metric data is defined as 
quantitative data and nonmetric data is defined as qualitative data. All the factors must be defined in a 
parameter, quantity measure characteristics of the population of the factor, for accurate analysis in 
multiple regressions. In the next chapter, all the nonmetric will be changed into dummy factors to fulfill 
to the requirement of parameter. Next to the factors that are defined as metric data, a more detailed 
analysis will be given in the next chapter.    

Product specific characteristics  

Factor Description Reference of the factor Measurable In model

Product size (only paper 

category)

The amount of the product (e.g. 

500 pages or 250 pages)

Practice perspective of Office Depot and theoretical 

perspective; Walters & Bommer (1996) and Ramanthan & 

Muyldermans (2010)

Yes X

Product type (only paper 

category)

Which product category is 

analyzed

Practice perspective of Office Depot Yes X

Product difference (only 

ink and toner categories)

Which ink is the produt item (e.g. 

black or one color)

Practice perspective of Office Depot Yes X
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Table 10 the measurement of each factor in the model 

Factor Measurement Scale

Promotion sales value metric

Product size (only paper category) 4 different product sizes (125, 250, 500, 2500 pages) nonmetric

Normal purchase amount value metric

product difference (only ink and 

toner category)

3 different product differences (color, black, multi color pack) nonmetric

Product type (only paper category) 5 different product types (everyday, business, green, color, 

tinted)

nonmetric

Baseline sales value metric

Pages of the book 4 different groups ( < 50 pages, 50 - 59 pages, 60 - 69 pages, > 

70 pages)

nonmetric

Mail quantity of the book value metric

Response rate of book in previous 

year

percentage metric

Folder type 4 different folder types (A book, Z book, A remail book, Z remail 

book

nonmetric

Previous promotion sales value metric

Promotion frequency 4 different types (0,1,2,3) in promotion in last three months nonmetric

Page in promotion book 4 different types (front, first pages, middle, back) nonmetric

Size of advertising 4 different types (<25 %, 25 - 50 %, 50 - 75 %, > 75 %) nonmetric

Height of advertising 4 positions (A,B,C,D) nonmetric

Absolute discount depth value metric

Relative discount depth percentage metric

Absolute non promotion price value metric

Absolute promotion price value metric

Product bulk promotion item maximum of 5 different price types (1,2,3,4,5) nonmetric

Product bulk non promotion item maximum of 4 different price types (1,2,3,4) nonmetric

Absolute maximum price discount 

by ordering more promotion items 

value metric

Absolute maximum price discount 

by ordering more non promotion 

items

value metric

Relative maximum price discount 

by ordering more promotion items 

percentage metric

Relative maximum price discount 

by ordering more non promotion 

items 

percentage metric

Seasonal effect 12 different months (1 -12) nonmetric

Holiday for each holiday check yes or no (0 or 1) a total of 14 holidays 

in germany

nonmetric

Summer holiday yes or no (0 or 1) nonmetric

Place characteristics 

Promotion characteristics 

Price characteristics 

Other factors

Product characteristics 

dependent factor
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4 Model 
In this chapter the design of the model will be defined. The first section describes the factor 
assumptions that are made for some factors in the model, followed up by section data gathering where 
all the promotions that are taken into account in the research will be defined. In the next part, the data 
will be analyzed for further research for making accurate regression model for forecasting promotion 
items. The chapter ends with the measurement tool of the performance of the model.  The focus in this 
chapter is on the data of the paper category. This category will be discussed in detail. However, the 
same set up will be used to check if the forecasting model can be used for the ink and toner category to 
compare the differences between the categories. The ink and toner category will be taken into account 
in a more general overview in the next subsections.   

According to Hair et al. (2009) and Field (2005) the data has to be explored to prepare for a multivariate 
analysis in the regression model. The data must be checked before and after the analysis by several 
assumptions and eventually the data has to be changed for an accurate multivariate analysis in the 
regression model. Before the regression analysis can be done, the normality of all value metric factors 
and the homoscedasticity of the dependent factor will be checked. This will be done in the section 
transformation of the variable. Besides, all the data will be verified to use as a multivariate analysis for 
all nonmetric factors. These factors must be changed into dummy variables to do a multivariate analysis 
in the regression model. This will be discussed in the section creating dummy factors.  

4.1 Factor assumptions  
In the previous chapter, all the factors that are taken into account for further research have been 
defined. The research is focused to make a promotion forecast in the week before the promotion period 
starts, because then all the most information about the promotion item is known and general the time 
to have this promotion the week before the promotion starts is short enough by these categories. 
However, some factors receive different remarks compared to others within the project scope, because 
some independent factors are not present before the promotion starts. For example, the previous 
promotion demand is not known, because the previous promotion period has not yet finished. For this 
situation an assumption for further analysis of factors has to be made, e.g. taking the second previous 
promotion demand. This means assumptions have to be made before model will be accurate for further 
research of the project.  All the assumptions used in this research are given in appendix A.  

4.2 Data gathering  
The focus of the research is on promotions of promotion items in the paper category in the promotion 
books in Germany. Afterwards, the promotions of the ink and toner category will be checked in the 
same books to compare these with the results of the paper category. For further analysis, all the 
promotions of the paper category and ink and toner category must be collected from the promotion 
books. A selection must be made from all promotions from the period April 2009 till December 2012 
from all the A-books, A-re-mail books, Z-books and Z-re-mail books that are sent to customers in 
Germany. This selection must be made, because since April 2009 the product hierarchy has been 
defined in its current form. Besides, the data from before April 2009 are more inaccurate to take into 
account, because customer preferences can change over the years which results in a different buy 
behavior (Kraft & Mantrala, 2006). From this perspective, all the promotions starting from April 2009 
until December 2012 are taken into account. In this period, a total of 6057 promotions are in the paper 
category. The ink category has a total of 12571 promotions and the toner category has a total of 10294 
promotions. Data gathering is done by the data information systems at Office Depot based on the 
selection of the variables in section 3.4. In the next sections the data will be analyzed in more detail for 
use in the forecast model.   
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4.3 Missing data  
In the data information systems of Office Depot, not all information of every promotion is found in the 
information systems. For each promotion, no double promotions have to be given in the data and for 
each promotion there has to be checked if the correct is given, because some prices of items are 
different than given in the promotion book. When these promotions are found, these will be left out of 
the total dataset for further analysis. An overview is given in table 11 for each category. Furthermore, 
each promotion will be checked for completeness of all factors that are given in the previous chapter. A 
promotion will be defined further in the report as an observation from the data. When an observation 
misses a value, it will be deleted. A maximum of 15 percent of total observations is allowed to be 
missing and the dataset has to be large enough for further analysis (Hair et al., 2010). Later in this 
chapter in the section minimum sample size will be checked of the total observations large enough for 
further analysis. Table 11 shows all factors of which not more than 15 percent of total observations are 
missing. The data for further research in the paper category is reduced from 6057 observations to 4364 
observations. The ink category is reduced from 12571 observations to 11940 observations and the toner 
category is reduced from 10294 to 9224 observations. 
   

 
Table 11 missing data in absolute values and percentages for each category 

4.4 Outliers of the factors 
The next step is to filter the outliers from the different data sets.  Outliers are a unique combination of 
characteristics identifiable as distinctly different from the other observations (Hair et al., 2010). These 
extreme data must be deleted, because outliers affected the total model too much.  
 
Outliers can be identified in three perspectives, based on the number of factors that must be 
considered. Univariate is the extreme value on one factor, bivariate is the extreme output by combining 
two factors and multivariate is the unusual combination of values of multiple factors (Hair et al., 2010). 
In this part, only the univariate outliers will be discussed for the dependent factor and independent 
factors. The multivariate outliers will be traced during the regression analysis and are excluded from the 
analysis. This will be discussed in more detail later in this chapter. The bivariate outliers will be left out 
of scope, because during the analysis of the multivariate outliers the bivariate outliers are detected, 
thus no further attention is need for bivariate outliers separately.   
 
The univariate outliers of the dependent factor will be found by checking the standardized data. For 
every observation of the dependent factor the standardized data will be checked. The standardized 
scores above 4 will be defined as extreme observation compared to the other observations in the 
dataset. The standardized scores above 4 are chosen, because of the large sample sizes in the different 
datasets. All the data with extreme observations above 4 will be left out of the further datasets in the 

Missing data of each category

observations % observations % observations %

number of observations 6253 12571 10294

double data 32 1% 1 0% 0 0%

wrong price is given 0 0% 116 1% 157 2%

factors

promotion sales 677 11% 0 0% 43 0%

absolute promotion price 724 12% 0 0% 0 0%

previous promotion sales 80 1% 447 4% 492 5%

baseline sales 17 0% 0 0% 0 0%

normal purchase amount 359 6% 67 1% 378 4%

total observations 4364 70% 11940 95% 9224 90%

paper ink toner
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research, because these extreme observations have too much impact on the total dataset (Hair et al., 
2010). From this perspective, a total 33 observations are excluded from the dataset of the paper 
category. In the old dataset with the outliers, the sales of promotion item in one period vary from 1 to 
116132. In the current dataset, the promotion sales vary from 1 to 17001. From this analysis is 
concluded that promotions with a high demand during the promotion are out of scope. For the dataset 
ink and toner the same process will be used to find the outliers for the dependent factor. This results in 
82 observations in ink category and 113 observations in the toner category being excluded.  
 
The independent metric factors must be checked on univariate outliers. However, only three factors are 
met on this assumption in this research. These three independent metric factors, namely normal 
purchase amount, baseline sales and previous promotion, sales will be considered in more detail. These 
factors are checked on extreme outliers with standardized scores above 4. Just like outliers at the 
independent factor, these data are excluded from the dataset. In appendix O a short overview is given of 
the extreme outliers of the independent factors for the three different datasets. From this analysis a 
total of 165 observations from the dataset in the paper category are excluded, see table 12, the 
excluded observations of the each independent factor. This makes the total dataset for further analysis 
4199 promotions. In the ink category are 11593 observations and in the toner category are 8889 
observations useful for further analysis; see table 12 for more detailed overview of numbers of excluded 
observations in the different datasets. In section 4.7 the observations will be checked on multivariate 
outliers when all the factors are transformed in metric factors for further regression analysis.  
 

 
Table 12 the excluded data of extreme outliers in the different datasets 

4.5 Transformation of the factors  
As one of the assumptions for the accurate multivariate analysis, the regression analysis must be 
satisfied to normally distribute the dependent factor and the independent factors. According to Field 
(2005) and Hair et al. (2010) the factors must be normality. When this is not met, the variable must be 
transformed to the normality. First, the normality of the dependent factor will be checked. After that 
the independent factors will be checked on normality. The normality of a factor can be found with the 
Kolmogorov-Smirnov and Shapiro-Wilk tests to check the significance of these tests. However, when the 
sample size is over 200 observations, the Kolmogorov-Smirnov and Shapiro-Wilk tests are not accurate 
enough to check the normality of one factor. With a large sample size, Field (2005) and Hair et al. (2010) 
recommend to check the shape of the distribution visually for normality of a factor. When no normality 
of the variable is found, the variable must be configured to normality distribution. The transformation of 
the variable depends on the Kolmogorov-Smirnov and Shapiro-Wilk tests. When the positive skewed is 
found, the square root, logarithm and inverse information are the best transformations, but when the 
negative skewed is found, squared and cubed terms are the best transformation coding (Hair et al., 
2010). However, when the sample size is over 200 observations, this is less important than the normality 
of independent factors. In appendix P the normality of the dependent factor is shown in a histogram. 
Based on the data plot, the dependent factor for paper category will be transformed for the most 

category paper ink toner

dependent factor

promotion sales 33 82 113

independent factor

normal purchase amount 43 25 34

baseline sales 82 148 100

previous promotion sales 7 92 88

total 165 347 335
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accurate normality plot. In the current dataset the dependent variable is transformed into a lognormal 
algorithm (LN algorithm) for the best normality of the variable, this LN algorithm for normality will be 
used for further analysis (see table 13). The same steps are used for the dependent factors in the ink and 
toner category. From this perspective, a lognormal algorithm is used for the dependent factor of the ink 
category and a square algorithm for the dependent factor in the dataset of the toner category.  
 
Besides the dependent factor, the independent factors must also be checked on normality distribution. 
The normality of independent factors will be checked in the same way as the dependent factor. First, for 
each variable the normality is checked by a histogram. When no normality distribution plot is found for 
the variable, the independent variable will be transformed in another algorithm, which fulfills the 
normality requirement of multivariate analyses. In table 13 is given the transformation algorithm of 
each independent factor, which is changed in the dataset for further research. For a more detailed 
analysis, in appendix P a histogram of each transformed factor in the three different datasets is given.  
 

 
Table 13 transformation of the factors in the different datasets 

4.6 Creating dummy factors  
Before the regression model will be made, all the variables must be defined as metric factors for further 
analysis in the regression model (Hair et al., 2009). In section 3.4 several factors are given as nonmetric 
factors. These factors can be changed into the metric factors. All the nonmetric factors will be defined in 
various categories where each category has a different value, see table 10 in previous chapter which 
factors has a nonmetric scale. Factors with only two categories can be transformed in one single factor 
with zeros and ones. One category is defined as zero and the other category is the value one. For factors 
with more than two categories, dummy factors will be created. Dummy factors are a method where 
representing groups have a value for the amount of groups or categories where the value starts from 0 
until the amount of groups with less, because one group is the reference group with the value 0 (Field, 
2005). For each nonmetric factor as given in section 3.4 dummy factors will be made for further 
regression analyses. Below the dummy factors for each nonmetric factor are defined for the paper 
category. For the ink and toner category the same dummy factors are defined, however, some factors 
have less or more categories in the nonmetric factors than the paper category. Furthermore, only two 
nonmetric factors are defined in the paper category, because of the category specified factors. The 
factors product size and product type will be discussed in section 4.6.2. Instead of these two specific 
factors in the ink and toner category, a dummy factor is made for the product difference. This dummy 
factor will be discussed in more detail in subsection 4.6.3. First, all the dummy factors for the paper 
category will be given in the next subsection. 

transformation algorithm for each factor  paper ink toner

promotion sales lognormal algorithm lognormal algorithm square transformation

normal purchase amount 1 / x algorithm 1 / x algorithm no transformation

baseline sales lognormal algorithm lognormal algorithm lognormal algorithm

previous promotion sales log10 algorithm lognormal algorithm no transformation

absolute non promotion price 1 / x algorithm log 10 algorithm squareroot algorithm

absolute price 1 / x algorithm log 10 algoriithm squareroot algorithm

absolute maximum price discount by order more 

promotion items square algorithm no transformation no transformation 

absolute maximum price discount by order more 

non promotion items square algorithm no transformation no transformation 
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4.6.1 General dummy factors 

First, the factor pages of the book will be transformed in four different groups depending on the number 
of pages in the promotion book. The pages vary from 36 pages (mainly in Z promotion books) up to 74 
pages in promotion books. For a better analysis of the count of pages, the factor is transformed into four 
main groups depending on the number of pages of the promotion book. The groups are <50 pages, 50 – 
59 pages, 60 – 69 pages, >69 pages. Therefore, three dummy factors will be created and one reference 
group, where the reference group is >69 pages in the promotion book and the other categories are 
dummy factors.   
 
Secondly, the factor product type is categorized in more than two categories. For this factor dummy 
factors are also created. Product type has a total of four categories promotion books; A-book, Z-book, A 
re-mail book and Z re-mail book. For this factor the reference group is the Z re-mail book and the other 
three books are the dummy factors.   
 
Thirdly, the nonmetric factor promotion frequency will be considered. This factor varies from 0 to 3, 
because in the previous 3 months the amount of times the same item is used in the same promotion 
book as promotion item is checked.  The time perspective of 3 months is chosen under considering with 
Office Depot that number of promotions longer than 3 months do not have impact on predicting the 
demand of the next promotion items. A dummy factor is created for each value, where the reference 
group is given as value 0 and the other values (1, 2, and 3) are the dummy factors.   
 
For the factor page in promotion book there are three categories. The three categories are first pages in 
the book, middle in the book and back in the book. The observations in the front page are left out of 
further research, because these observations are deleted in previous sections of the analysis. For the 
factor two dummy variables and one reference group will be made, where the reference group will be 
the back page.   
 
The factor size of advertising determines the advertising size of the promotion on one page in 
percentages. The factor is defined in four categories depending on the size of each promotion 
advertised. The advertising size groups are 0 – 25%, 25 – 50%, 50 – 75% and 75 – 100% of one page. For 
the first three categories dummy factors are created and the last category is the reference group.   
Next, the factor height of advertising will be transformed into a dummy variable. The height of 
advertising is categorized in four groups. The categories A, B and C are the dummy factors and the last 
group (D) will be the reference group.   
 
For the factor product bulk promotion item five categories are found varying from the values 1 to 5. For 
the first four groups (1 until 4), dummy factors are created and the last group (5) will be the reference 
group of each variable. However, for the product bulk non promotion item only four categories are 
found varying from the values 2 to 5. For the first three groups (2 until 4) dummy factors are created 
and the last group (5) is the reference group.  
 
For the factor seasonal effect dummy factors are created for each month. Each month is considered 
different category and these will be the dummy factors. One expectation will be made for the last 
month. The last month will be the reference category. For this factor, eleven dummy factors are created 
for further analysis.    
 
The factor holiday contains fourteen holidays, which can occur during a working day. From this 
perspective, fourteen dummy factors will be made. For each holiday one. The holidays are: nieuwjaar, 
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carnaval, goede vrijdag, 2e paasdag, dag van arbeid, hemelvaart, 2e pinksterdag, hemelvaart, 2e 
pinksterdag, sacramentsdag, maria hemelvaartsdag, dag der eenheid, allerheiligen, kerstavond, 1e 
kerstdag and 2e kerstdag. The reference group will be a day when there is no holiday. For each 
observation will be considered if the holiday is in its promotion period or not.   
 
The last factor is checking the promotion falls during the summer holiday. The summer holiday factor is 
defined as the promotion length falls between July 15th and August 15th. If the promotion is during this 
period the dummy factor value is one, otherwise the factor is zero.  

4.6.2 Paper category dummy factors  

The two specific nonmetric factors for the paper category are product size and product specifications. 
These two factors will be defined as dummy factors below.  
 
The product size has a total of four different values; 125 pages, 250 pages, 500 pages and 2500 pages. 
For the product size three dummy factors will be created and one reference group. The dummy factors 
will be for 125 pages, 250 pages and 2500 pages, with the reference group 500 pages.  
 
A total of five different sub categories are found for the product specifications by the paper category. 
For the first four categories a dummy coding is created and the last category is used as the reference 
group. The first four categories are business, color, everyday and green paper categories and the 
reference group will be the tinted paper.  

4.6.3 Ink and toner category dummy factors 

Instead of the two specific dummy factors in the paper category, only one specific nonmetric dummy 
factor for the ink and toner category is found. This nonmetric factor is the product difference category. 
There are three product difference categories found, namely one color, black and multicolor pack. From 
this perspective, two dummy factors are made for the categories one color and black. The reference 
group will be the multi color pack. A remark must be made, that these factors will only be used in the 
regression analysis of the ink and toner category.   
 
All the factors are defined in metric form and can be used in further multivariate analysis. The total 
factors (including all the dummy factors) given in the paper, ink and toner category are respectively 70, 
65 and 63 independent factors for the model. An overview of all the factors and the number of dummy 
factors in the paper, ink and toner category are given in appendix Q.  

4.7 Multivariate outliers 
Before the regression model results can be given, the multivariate outliers must be checked, which is 
mentioned earlier in this chapter in the section outliers. Now the model are defined the multivariate 
outliers can be analyzed and these will be deleted in further analysis. These outliers are checked by 
determining the Mahalanobis distance for each observation in combination of all the factors in the 
model. The Mahalanobis distance will be detected with the chi-squared test to check the Mahalanobis 
distance probability is 0.001 or less for all the observations, when the distance probability reaches this 
probability or lower by an observation, and then it is a multivariate outlier (Hair et al., 2009). From this 
perspective, for the total dataset a total of 88 observations with a probability of 0.001 or lower are 
found in the paper category. These outliers will be deleted from the total dataset for further analysis. 
This changes the total number of observations for further analysis in the paper category from 4199 to 
4111 observations. For the categories ink and toner the same way of multivariate outliers must be 
considered, which results in a total of 185 outliers in the ink category and 231 outliers in the toner 
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category. The total dataset of ink category is 11408 observations and 8658 observations in the toner 
category.  

4.8 The different datasets 
To test the regression model on reliability, the different datasets must be divided into two datasets to 
verify the data. One part of the dataset must be used as a sample size to make the model where the 
second part of the dataset will validate the model that has been created from the first part. The total 
dataset starts from the promotions in April 2009 until December 2012. A test sample size around 35 % 
of the total dataset is created as a validation for the model, where other parts of observations are used 
to create the model, these are all promotions from April 2009 until June 2011, where the promotions 
from July 2011 until December 2012 are used for the validation part, see the table below.   
 

 
Table 14 the number of cases in the model part and in the validation part  

4.9 Minimum sample size 
Before the model will be made, the dataset for the model must be checked to make sure that enough 
observations in the model are given for a reliable regression model. In Field (2005), the most common 
rule of selecting the minimum sample size is that for each factor at least 15 observations of data must 
be given. However these rules are very pervasive and oversimplified. Green (1991) gives two rules of 
thumb for the minimum acceptable sample size. The first is based on testing the overall fit of the 
regression model. The minimum sample size will be 50 + 8k observations, where k is the number of 
individual factors. The second rule is to test the individual factors within the model, the minimum 
sample size has to be at least 104 + k observations. However these rules are oversimplified. Another rule 
is given in Miles and Shevlin (2001), where the minimum sample size depends on the size of the effect 
and the size of the statistical power to detect these effects are taken into account. In further analysis is 
chosen the rule of Field (2005) for each predictor at least 15 cases of data are given. This rule is chosen, 
because its simplicity and many factors that are taken into account in this rule increase the most, so the 
other rules are met when this rule is satisfied. From the paper category 70 factors of the model are 
taken into account, where at least 70 * 15 = 1050 observations must be taken into account. In the ink 
and toner category respectively 65 * 15 = 975 and 63 * 15 = 945 observations are needed for a 
regression analysis. From the previous section can be concluded that all the dataset for the model meet 
the assumption of the minimum sample size (see table 14). The three datasets can be used for a 
regression analysis.  

4.10 Performance of the results  
Before results of the model will be given, the measurement tools to analyze the model will be defined to 
check the results of the model. The measurement tools determine the accuracy of the practice model. In 
this research four general measurement tools will be used to analyze the results.   
 
In the regression analysis, the performance of the model is found by the coefficient of determination 
(R2) and the adjusted R2. R2 gives the measure of the proportion of the variance of the dependent factor 
which is explained by the independent factors. The higher the value of R2, the better the model is able to 
predict the dependent variable. However, R2 depends on how many factors are in the model which 
results in an automatically higher R2 value. From this perspective, the adjusted R2 will be more relevant 

dataset total number of observations number of observations in model number of observations in validation in model in validation

paper 4111 2751 1360 67% 33%

ink 11408 7343 4065 64% 36%

toner 8658 5264 3394 61% 39%
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to check the performance of the model, since this measurement tool does not depend on how many 
factors are in the model (Hair et al., 2009). However, this measurement tools can only be used for the 
model and not for the validation phase, because the validation phase is only used to test the regression 
analysis for the practice. The formula of R2 and adjusted R2 are given below:  

2 regression

total

SS
R

SS
         Formula 1  

 2 2 1
1 1

1

N
adjusted R R

N M

 
    

  
      Formula 2 

Where N = number of observations and M = number of independent factors. 
 
For the validation phase, two measurement tools are given to check the performance of the regression 
model with the validation dataset. The MSE (mean square error) and MAD (mean absolute deviation) 
will be used to check the performance of the regression analysis. The MSE checks the difference 
between the forecasted sales and actual sales and is directly related to standard deviation of the errors 
of forecast sales. The MAD gives the absolute difference between the forecasted sales and actual sales, 
but has less practical importance, because the absolute difference gives no indication on the 
performance of the errors of forecasted sales (Silver et al., 1998). The MAPE (mean absolute percentage 
error) calculates the percentage difference between the forecasted sales and the actual sales. However, 
this measurement tool is not appropriate when the demand values of promotion items are low. For 
example, if the predicted demand value is 2 and actual demand value is 1, the absolute forecast error 
will be 1, but the MAPE value will be 100 %. But for a predicted demand value of 101 and the actual 
demand is 100, then the MAPE value is 1 %, with the same absolute forecast error of 1 (Silver et al., 
1998). In the different categories of this research many promotion items has a low actual demand. By 16 
% of the paper category, 66 % of the ink category and 94 % toner category of the total observations in 
the model a lower actual demand of 26 are found. The MAPE will not take into account, because these 
high percentages of low demand promotion items are given. The MSE and MAD values will be compared 
with the actual average demand of each dataset to check the average size of the forecast errors. With 
the MSE value the standard deviation of each dataset are determined, as extra performance measure. 
The formula of MSE and MAD and standard deviations are given below:  
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Standard deviation of MSE = MSE       Formula 5 

Where n = number of observations. 
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5 Results of the model  
This chapter the results from the different regression analyses that perform as the promotion forecast 
tools. First the method of regression analysis will be discussed. Next the model results of the paper 
category are discussed to see which factors affect the sales of promotion items. Afterwards, this model 
will be used to analyze the ink and toner categories. The chapter finishes with a comparison between 
the different model results including practice input and the literature input by this research.    
 

5.1 Method of regression analysis 
Before the regression analysis for the paper category and other office categories is made, the method of 
regression model must be defined to make forecasting model. A distinguish is made between enter 
versus stepwise regression, to be used for further analysis. In the research, no theory is found of any 
importance scale of which factors influence the forecast more than other factors. The enter regression 
model focuses on the importance of each factor known before the analysis. The stepwise regression 
method checks which factor must be added or deleted for each stage of the model for making a more 
accurate model. The method finishes when no more significant effects are found from the independent 
factors (Hair et al., 2009). According to this theory, the best method to use for further analysis is 
stepwise. Besides, the stepwise regression method has to be used because the forward addition and 
backward elimination method are not used even. As soon as a factor is added or deleted in these 
methods, the action cannot be reversed in a later stage of calculation, where predictors have a 
significant effect (Field, 2005). Instead, the stepwise regression method is able to include this.  
 
All the regression methods for further research will be made with the use of SPSS. In the research, 
significant effects will be defined as probability of the obtaining factor of the test static at chances less 
than 0.05 that are found in the model (Field, 2005).  
 

5.2 Model results paper category  
In this section, the model results of the paper category are presented. First, all assumptions of the 
regression will be checked if the conditions of the analyses are met. Next, the model results will be 
discussed and the performance of the model will be described with the validation part (out-of-sample 
analysis). The section finish with the individual analysis of significant effects on the paper category and 
which significant effects are to be taken into account for the promotion forecast tool.    

5.2.1 Assumptions regression model of the paper category 
Before the regression analysis is done, the regression analysis must be checked on eight assumptions 
have to be met for doing accurate regression analysis. In the previous chapter the dataset of the paper 
category met the assumptions of the multivariate analyses by this research, however even these 
regression assumptions must be checked because a regression analysis is done. If one of the 
assumptions is not met, the dataset will be configured to meet this assumption for further regression 
analyses.  According to Field (2005) the assumptions of a regression model are; 
 

1. Factor type 
2. Non-zero variance 
3. No perfect multicollinearity 
4. Homoscedasticity 
5. Independent errors 
6. Normally distributed errors 
7. Independence of each variable 
8. Linearity 
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All the assumptions are checked and are given in appendix R. In this part, only the assumptions that are 
not met will be discussed and what the alteration in the dataset will be for the regression analysis. In the 
dataset of the paper category seven assumptions are found to be met and only one assumption must be 
changed, the assumption non-zero variance is not met in this dataset. For six predictors a zero-variance 
is found and these will be left out of scope. These factors are product size with value 125, page in the 
promotion book with value first pages, the size of advertising with value 50 -75 %, product bulk 
promotion items with values 2 and 3 and product bulk non promotion item with value 2. These factors 
have zero variance, because the multivariate outliers of the observations of these values fall as extreme 
outliers. For further analysis, these factors must take in account for an accurate regression analysis. This 
reduces the total factors for further analysis in the regression from 70 to 64.  
 
5.2.2 Model results of the paper category 
After the dataset meets all the assumptions to do a regression analysis, a regression model is made to 
forecast promotion items in the paper category. The results of the model in the paper category are given 
in table 15. Results that are most marked will be discussed in this sub section. The R2 value is 0.897 of 
the model, where a higher R2 value to 1 means a better model is predicted. A better performance of the 
results is the adjusted R2, the adjusted R2 gives more explanations of high numbers of factors in this 
model. The value in this model is 0.803, which is rather high. Concluding, this model can predict factors 
over 80 % of the total forecast by using these factors as predictors. The standard deviation can be found 
with the square root of MSE, which gives a high standard deviation of a value of 145.26 by MSE. 
However, a lot of observations are taken into account with high diversity of demand promotion items, 
from 0 until 17001. This can explain the high standard deviation. The comparison between the average 
actual sales and standard deviation of MSE and MAD value are given as percentage of average actual 
sales, the MSE value is 103.06 % and MAD value is 34.60 %. The MSE percentage is quite high, which 
explains even the high standard deviation of the demand of the promotion item. The MAD percentage 
shows the average absolute difference between the forecasted sales and actual sales and looks 
acceptable. The average up-lift factor is 6.20 % of the baseline sales of each item. Only 22 of 64 factors 
significantly affect the forecast model. The results show that the regression analysis has good results to 
forecast promotion items in the paper category. This model will be tested for other office categories to 
see if it is applicable for other categories too.  
 

 
Table 15 model results of the forecast model for the paper category  

results model of each category paper

number of observations 2751

average actual sales (in units) XXX

average predicted sales (in units) XXX

number of factors 46

minmum sample size 690

R^2 0.897

adjusted-R^2 0.803

significance of the model 0.000

MSE 21101

MAD 48.71

standard deviation of MSE (MSE^0.5) 145.26

percentage st. dev. MSE of average actual sales 103.06%

percentage MAD of average actual sales 34.60%

number of significant factors 22

average VIF 2.211

Durbin-Watson test 2.005

average up-lift factor 6.20%
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5.2.3 Performance of model for paper category  

In the previous sub section all the results of the model were described. In this section the performance 
of the model between the dataset of the model part and the validation part of the paper category will 
be discussed as given in table 16. These results are differing slightly. The average actual sales is lower in 
the validation model, however the difference between the actual sales and predicted sales is lower in 
the validation part than in the forecast model. According to these results, the performance between the 
difference between actual sales and predicted sales is smaller. However, the percentage values of MSE 
and MAD are higher in the validation part. This indicates that the performance of the model significantly 
drops in the validation and the average forecast error are higher in the validation part. However the 
difference between the model part and validation part can’t be too high. The MSE percentage value 
increases more than 50 % in the validation part in comparing with the model part and the MAD 
percentage value difference is 59 % between the two parts.  
 

 
Table 16 performance of model in comparing validation model of the paper category 

The percentages of MSE in the analysis are quite high. Low MSE and MAD percentage values indicate a 
higher performance in the model. The MSE is directly related to the standard deviation of the model. As 
given in the previous section, the standard deviation in the model part is 145.26, where this increases to 
190.84 in the validation part. An analysis in the tables below is made about the different performances 
by small and big actual promotion sales in the forecast model. Tables 17 and 18 show that promotion 
items with sales higher than 999 of actual observations are resulted in lower percentage values of MSE 
and MAD than the promotion items with lower sales. These results conclude that the model forecasts 
with high demand of promotion items perform better than values with low demand. Besides the 
performance, in all cases in the model part compared to the validation part the numbers decrease. The 
performance of promotion items with sales lower than 1000 decreases relative more than promotion 
items with smaller sales.   
 

 
Table 17 performance in model part of paper category depending on sales 

 
Table 18 performance in validation part of paper category depending on sales 

 
5.2.4 Individual analysis in forecast model for paper category 
In the regression analysis used for the promotion forecast tool in the paper category, a total of 64 
factors are used to predict the sales of promotion items in promotion books. However, the sub section 
5.2.2 describes only 22 factors have a significant effect on the model. This part will discuss the significant 
factors shortly. In table 19 an overview of all the factors and their effect in the forecast model is given. 
This model is created to find which factors have to be taken into account for the model as a promotion 

paper category model validation

number of observations 2751 1360

average actual sales (in units) XXX XXX

average predicted sales (in units) XXX XXX

difference between averages 19.42 7.70

standard deviation of MSE (MSE^0.5) 145.26 190.84

percentage st. dev. MSE of average actual sales 103.06% 155.34%

percentage MAD of average actual sales 34.60% 55.16%

model paper category number of cases average actual sales percentage st. dev. MSE percentage MAD 

promotion sales >= 1000 64 XXX 38.55% 30.69%

promotion sales <1000 2687 XXX 86.17% 36.54%

validation paper category number of cases average actual sales percentage st. dev. MSE percentage MAD 

promotion sales >= 1000 27 XXX 58.43% 45.73%

promotion sales <1000 1333 XXX 150.55% 58.43%
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forecasting tool for other office categories. In table 19 the factors that are significant enough are given 
with their b-factor value (unstandardized coefficient) and beta value (standardized coefficient), as the 
weight for each significant factor. A green color is given to all factors that are not significant in the 
model. The factors that are left out by one of the assumptions of the regression analysis as given in sub 
section 5.2.1 will be marked red in table 19. For each group of factors, as defined in the project scope, a 
description of the ones that affect the promotion sales in the paper category will be given. Later in this 
chapter the expected results will be compared to the results of the model.   
 
Product characteristics   
In the paper category, five factors are found that significantly affect the forecasting model. For the 
factors product size and product type dummy factors are made for further analysis. The results in the 
table 19 describe that the product size and product type have a significant effect on the forecasting 
model, depending on the value. The factors normal purchase amount and baseline sales also affect the 
forecast model significantly. The beta value of the factor baseline sales is one of the biggest values of all 
the factors. This means that the baseline sales affect the forecasting model as one of the most.  
 
Place characteristics  
In the category place characteristics, three factors have a significant impact on the forecasting of 
promotions. The number of pages in the book does not matter, but the mail quantity and the response 
rate during the previous year are important to accurately forecast the sales of promotion items. The 
factor folder type only has one dummy factor that has a significant effect, where the reference group 
can describe the effect of the entire promotion type book. Thus, for just one book a significant 
difference is found.  
 
Promotion characteristics 
In the category promotion characteristics three factors are found that impact the forecast model. The 
factor previous promotion sales has the highest beta value, which means it has the most relative impact 
when this value would be changed in the model. Furthermore, only one dummy factor for the dummy 
factors size of advertising and height of advertising is found important and other values in the factor 
have no significant effect. These results depend on the reference group, however the result show that 
this factor has a significant effect in the model. However, for the factor promotion frequency no 
significant dummy factor is found. Thus meaning this factor has no significant input for the forecast 
model.   
 
Price characteristics  
In the category price characteristics, only two factors have a significant effect on the forecast model. 
These factors are absolute and relative maximum price discount when ordering more promotion items. 
All the other factors in the price category have no significant effect on forecasting promotion items in 
the paper category.   
 
Other factors 
Several dummy factors for the factors seasonal effect and holiday are made. According to table 19, 
several dummy factors have a significant effect on the forecast model. In the forecast model it is 
important to know the starting month the promotion and which holidays occur during the promotion 
period. However, no significant effect is found when the promotion period runs during the summer 
holiday.  
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Table 19 the B-factor and beta values of each factor in the model 

 
Concluding, a total of 22 significant factors are found. Some factors are divided in several dummy factors 
when depending on the value, a significant effect can be found. The factors with a higher beta value 
affect more the demand of promotion item than the other factors in the model. In this research the six 
most important factors are baseline sales, folder type with value A remail, previous promotion sales, 
absolute and relative maximum price discount by ordering more promotion items and seasonal effect 
with month June. For further regression analysis, only the significant factors and factors that consist of 
dummy factors where at least one dummy factor has a significant effect in the model are taken into 
account. This makes a total of 46 factors are taken into account in the forecast model in the paper 
category.    

independent factors  B Beta independent factors  B Beta

Constant 1.51 product bulk promotion item with value 2

product characteristics product bulk promotion item with value 3 n.e. n.e.

productsize with value 125 product bulk promotion item with value 4 n.e. n.e.

productsize with value 250 -0.20 -0.06 product bulk non promotion item with value 2

productsize with value 2500 0.75 0.09 product bulk non promotion item with value 3 n.e. n.e.

normal purchase amount -0.37 -0.04 product bulk non promotion item with value 4 n.e. n.e.

product type with value business paper n.e. n.e.

absolute maximum price discount by ordering 

more promotion items -0.63 -0.11

product type with value color paper n.e. n.e.

absolute maximum price discount by ordering 

more non promotion items n.e. n.e.

product type with value everyday paper n.e. n.e.

relative maximum price discount by ordering 

more promotion item 3.97 0.12

product type with value green paper -0.20 -0.03

relative maximum price discount by ordering 

more non promotion item n.e. n.e.

baseline sales 0.26 0.26 other factors

place characteristics seasonal effect with month January -0.49 -0.07

pages of the book with value <50 pages n.e. n.e. seasonal effect with month February n.e. n.e.

pages of the book with value 50 - 59 pages n.e. n.e. seasonal effect with month March n.e. n.e.

pages of the book with value 60 - 69pages n.e. n.e. seasonal effect with month April n.e. n.e.

mail quantity 1.11E-06 0.07 seasonal effect with month May -0.17 -0.04

response rate of book in previous year -15.22 -0.08 seasonal effect with month June -0.56 -0.11

folder type with value A book n.e. n.e. seasonal effect with month July -0.18 -0.03

folder type with value A remail -0.69 -0.18 seasonal effect with month August n.e. n.e.

folder type with value Z book n.e. n.e. seasonal effect with month September n.e. n.e.

promotion characteristics seasonal effect with month October n.e. n.e.

previous promotion sales 1.20 0.51 seasonal effect with month November n.e. n.e.

promotion frequency with value 1 n.e. n.e. holiday nieuwjaar n.e. n.e.

promotion frequency with value 2 n.e. n.e. holiday carnaval n.e. n.e.

promotion frequency with value 3 n.e. n.e. holiday goede vrijdag n.e. n.e.

page in promotion book with value first pages holiday 2e paasdag n.e. n.e.

size of advertising with value <25 % -0.34 -0.04 holiday dag van arbeid 0.29 0.04

size of advertising with value 25-50 % n.e. n.e. holiday hemelvaart n.e. n.e.

size of advertising with value 50-75 % holiday 2e pinksterdag -0.22 -0.06

height of advertising with value A 0.16 0.05 holiday scramentsdag n.e. n.e.

height of advertising with value B n.e. n.e. holiday maria hemelvaartsdag n.e. n.e.

height of advertising with value C n.e. n.e. holiday dag der eenheid -0.24 -0.05

price characteristics holiday allerheiligen n.e. n.e.

absolute discount depth n.e. n.e. holiday kerstavond -0.29 -0.07

relative discount depth n.e. n.e. holiday 1e kerstdag n.e. n.e.

absolute non promotion price n.e. n.e. holiday 2e kerstdag -0.66 -0.04

absolute promotion price n.e. n.e. summer holiday n.e. n.e.

product bulk promotion item with value 1

factor is not taken into account of the model = 

factor is not significant in the model = n.e.
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5.3 Model results of the other categories 
In previous section the significant factors are found for the paper category in promotion forecast tool.  
The promotion items in the paper category are only a part of the total promotion items at Office Depot. 
A consideration must be made that this promotion forecast tool as made in previous section can be used 
by other office categories, e.g. ink and toner categories. This promotion forecast tool will be made for 
the promotion items in ink and toner categories, a remark must be made that some factors are quite the 
same in the ink and toner categories than in the paper category. In the paper category some factors are 
changed in dummy factors for further analysis where in the ink and toner category more or less dummy 
factors are needed for the same factor, this is earlier mentioned in chapter 5. This creates a total of 43 
factors are in account of the promotion forecast model by ink and toner categories. From this 
perspective a other number of dummy factors are take in account of the forecast model for the ink and 
toner categories in comparing with the paper category. Besides in the paper category are take two 
category specific factors in account of regression analysis.  

This section starts even as in previous section with checking the assumption of doing regression analysis 
by the ink and toner categories. The assumptions of the regression analysis in the paper category are 
not checked because this has checked already in previous section. When the assumptions are checked 
the model results are given for the ink and toner categories for the total model, the validation part and 
the individual effects in the model. The model results from the ink and toner category will be compared 
with the results of the paper category from previous section.    

5.3.1 Assumptions regression model of the ink and toner categories 

Even as by the paper category, the ink and toner category must be checked on the eight assumptions for 
doing regression analysis as given in section 6.2.1 by the paper category. The detailed description of 
checking the assumptions in the ink and toner categories are given in appendix P. In this part only the 
assumptions are given of each category where the model is changed for the regression analysis.  
 
In the dataset of the ink category is found that six regression assumptions are met in the dataset and 
only two assumptions must be changed. In the assumption non-zero variance is found two predictors a 
zero-variance. The factors are the dummy factor the size of advertising with value 0 -25 % and dummy 
factor height of advertising with value C. These factors will be left out of further research. Furthermore, 
in the assumption no perfect multicollinearity is found perfect multicollinearity between some factors, 
for accurate regression analysis, the dataset must be changed that no perfect multicollinearity is found. 
After analysis which model get no perfect multicollinearity, the factors holiday with value kerstavond 
and folder type with value A book are left out in further research, after this factors left out all the 
assumption are met. The model reduces from starting 43 factors to 39 factors to take in account of 
further research.   
 
By the dataset of the toner category are even six regression assumptions are met in this regression 
analysis. For two assumptions the dataset for the model must be transformed. First, for the assumption 
non-zero variance one factor is found with a zero variance. For accurate regression model this factor will 
be left out of the model, the factor is dummy factor folder type with value Z book. The assumption no 
perfect multicollinearity is not met in this model, because in the dataset is found several factor with too 
high VIF value. For improving the VIF values is left out one of the factor. After analyzing the dataset the 
best solution for improving this assumption is the dummy factor seasonal effect with value April left out 
for further analysis in the regression model. When these alliterations are made all the assumptions are 
met for doing regression analysis. The total model reduces with these changes from 43 factors to 41 
factors.     
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5.3.2 Model results of the ink and toner categories  

In this part, the model results of the ink and toner categories are given. In table 20 the model results for 
these two categories are given and the model results of the paper category are given for comparison the 
results of each category. The R2 value is lower in the ink and toner categories than in the paper category. 
The adjusted R2 value is even lower in the ink and toner categories than the paper category. Despite the 
decrease of maximum 12 % compared to the paper category, over 69 % can still be explained with this 
forecasting model. The performance of this promotion forecast tool is lower in these categories; 
however the adjusted R2 and the R2 values still perform quite well. The percentage standard deviation of 
MSE comparing to average actual sales for the ink and toner category are much lower than in the paper 
category, which means this performance is better in these categories. These results describe that the 
standard deviation of each category is lower. The percentage of MAD compared to the average actual 
sales in different categories is approximately the same, which means that the average difference 
between the actual and predicted sales of promotion items is relatively the same. The average up-lift 
factor in the ink and toner categories is lower than in the paper category, what means a relative higher 
demand of promotion items in paper category than in the other categories. Besides more significant 
factors are found in the ink category, where in the toner category there are less significant factors in the 
forecast model. This result shows that more factors are explained in the ink results and fewer factors are 
explained in the toner results than in the results of the paper category.   
 

 
Table 20 model results of the forecast model for the paper category 

5.3.3 Performance of model for ink and toner categories 

In this part the performance the validation part of the ink and toner categories are compared to the 
paper category. According to table 21, the results between the model part and the validation part differ. 
The MAD and MSE values for each category are higher in the validation part than in the model part, the 
performance will significantly drop in the validation part. In the ink category, the percentage MAD in 
comparing with the average actual sales increases 10.8 % from the model to the validation part, where 
the toner category increases 27.4 %. In the paper category this was 38.9 %. This shows that the 
regression models in the ink and toner categories perform better than in the paper category compared 
to the validation part. Looking at the differences between the average actual sales and the predicted 
sales in the model part, this is lower than the validation part in the ink and toner categories. This shows 
the average difference is bigger in the validation part than in the model part. From these results can be 

results model of each category paper ink toner

number of observations 2751 7343 5264

average actual sales (in units) XXX XXX XXX

average predicted sales (in units) XXX XXX XXX

number of factors 46 39 41

minmum sample size 690 585 615

R^2 0.897 0.883 0.832

adjusted-R^2 0.803 0.779 0.692

significance of the model 0.000 0.000 0.000

MSE 21101 326 26

MAD 48.71 9.69 3.10

standard deviation of MSE (MSE^0.5) 145.26 18.06 5.10

percentage st. dev. MSE of average actual sales 103.06% 63.37% 67.82%

percentage MAD of average actual sales 34.60% 34.50% 41.22%

number of significant factors 22 27 18

average VIF 2.211 3.108 3.287

Durbin-Watson test 2.005 1.681 1.732

average up-lift factor 6.20% 5.12% 3.86%
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concluded that the regression model is not stable. The validation part of the ink and toner categories is 
better than that of the paper category in the MSE and MAD percentage values. At the moment no 
promotion forecast are made to compare this values in Office Depot. However, the performance is still 
quite good for a first promotion forecast tool at Office Depot.    
 

 
Table 21 performance results of each category 

 

5.3.4 Individual analysis in forecast model by ink and toner categories 
All the factors that affect the forecast model for sales of promotion items are selected from the paper 
category. All these factors are included to check if the forecast model can be used for other office 
categories, only the product category specific factors are changed by each specific category, as 
mentioned in section 3.4.6 which shows the differences between the paper, ink and toner categories. In 
the literature, several factors in promotion forecast tools are found to analyze the demand of promotion 
items. In this section, a comparison will be made between the literature part and the results from the 
different factors that are used in the model, which are given in table 20. In the current research, for 
each category of the promotional mix several factors are described that affect the promotion sales of 
the paper category. For each category of the promotion mix, the literature and the practice perspective 
will be compared to the results found in previous sub sections.  
 
Product characteristics 
From the category product characteristics the factors product size, product difference and product type 
are taken into account as significant effects in the forecast model. According to Ramanthan & 
Muyldermans (2010), the differences between the product items affect the sales of the promotion. This 
research meets this theory in the office items. Furthermore, the baseline sales in this regression model 
is one of the most affecting factors in the regression model, because it has one of the highest 
standardized coefficients in each category in the models. This is supported by the studies Cooper et al. 
(1999), Divikar et al. (2005). However, in the study Cooper et al. (1999) a difference is made between 
slow movers and fast movers, no distinguish is made in this research model. This may explain the higher 
average MSE and MAD values for promotion items with actual sales higher than 999 during promotion 
period. It is remarkable that depending on each different category, the factor normal purchase amount 
has affected the promotion sales. The study Ailawadi et al. (2006) expects a positive impact on this 
factor. However at office items this effect is negative in the paper category, positive in the ink category 
and shows no effect in the toner category.  
 
 

model of each category paper ink toner

number of observations 2751 7343 5264

average actual sales (in units) XXX XXX XXX

average predicted sales (in units) XXX XXX XXX

standard deviation of MSE (MSE^0.5) 145.26 18.06 5.10

percentage st. dev. MSE of average actual sales 103.06% 63.37% 67.82%

percentage MAD of average actual sales 34.60% 34.50% 41.22%

validation of each category paper ink toner

number of observations 1360 4065 3394

average actual sales (in units) XXX XXX XXX

average predicted sales (in units) XXX XXX XXX

standard deviation (MSE^0.5) 190.84 20.00 6.71

percentage st. dev. MSE of average actual sales 135.40% 70.18% 89.22%

percentage MAD of average actual sales 48.07% 38.24% 52.53%
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Place characteristics  
 In the category place characteristics, only factors where no literature is found are taken into account of 
the model, because the place of selling by mail in this research is different in comparing to other studies. 
However according to Office Depot’s expectations it is remarkable that the factor response rate from 
the previous year only significantly affects the paper category and does not affect by the other 
categories. This factor even impacts the demand of the promotion item negatively. This means a high 
response rate in the previous year reduces the demand of the promotion item, which is very 
remarkable. The factor folder type depends on the values of the factor of the promotion sales is higher 
or lower or no significant effect on this particular promotion book. For the factor mail quantity of the 
book, the amount of customers receiving the mail is important. This significant effect shows that when 
more customers see the promotion, more sales are generated for the promotion item. However, the 
number of pages in a promotion book does not influence the amount of sales from the promotion items. 
This is only at the promotion forecast tool focused on sales on item level and not on book level.       
 
Promotion characteristics  
In each category, the factor previous promotion sales have a significant positive effect in the forecast 
model. In the study Cooper et al. (1999) the average sales from previous promotions on store level and 
chain-wide level are taken into account, where in this forecasting model only the last previous 
promotion on item level is used. However, this research supports the previous promotion sales on item 
level in the promotion book to have a significant effect on sales of promotion items in the model.  
 
The factor size of advertising is given in dummy factors in the forecast model. The factor has significant 
effect or not, depending on the value of the dummy factor. It is remarkable that this factor has negative 
impact on the sales of the promotion item. Furthermore, the reference group for the factor is 
advertising with size of 75 – 100 % on one page in promotion book, where smaller sizes of advertising 
have a negative effect as predictor. In the studies Wansink (1994) and Ailawadi et al. (2006) a positive 
impact by advertising the product is found. This concludes that smaller advertising can have a negative 
impact on the demand of the promotion items. The size of the effect depends on the product category.    
 
The last factor in the promotion category is the height of advertising, which consists of several dummy 
factors in the current model. From table 22 can be concluded that a significant impact in the forecasting 
of the promotion item is found depending on the value of the dummy factor. However, this result is not 
found for each dummy factor and furthermore the factor has either a positive or negative effect 
depending on the product category. According to the study Cooper et al. (1999) this factor can affect the 
promotion forecast tool. This research is partially supported by this study, because not all different 
heights of advertising have a significant effect.  
 
Price characteristics  
In the starting model of the paper category 12 price category factors are taken into account, however 
only two factors have a significant effect in the model. No support is found for the discount depth or 
price, which means no support is found that the discount price or regular price of office items affect the 
buying behavior of the customer. The only two important factors are the absolute and relative 
maximum price discount when ordering more promotion items. For customers, only the lower price 
when ordering more of the item during the promotion one the same time is important, from the 
perspective of the paper category. According to the study Narashim et al. (1996), ordering more of the 
same promotion item for lower prices lead to customers stockpiling more of the item, if it is possible to 
stockpile the particular product. All categories that are taken into account in the forecast model show 
that lower prices, when ordering more items on the same time, have a significant impact on the demand 



45 
 

of the promotion item. Depending on the category, this significant effect is either positive or negative. 
However, only the relative factor of the maximum price discount by ordering more promotion items is 
important in all categories, where the absolute value is important for the paper category. The study of 
Narashim et al. (1996) supports this effect, but this effect is either positive or negative depending on the 
office category.    
 
Other factors  
A lot of dummy factors are made to check the factors seasonal effect and holiday. For each holiday and 
each month a dummy factor is made in the current research model expect for one group, which is 
defined as reference group for each independent factor. According to the study Ramanthan & 
Muyldermans (2010) the seasonal effect and holiday play a role of the sales of promotion items during 
the promotion period. Furthermore, the studies of Cooper et al. (1999) and Divikar et al. (2005) show 
that holiday have a positive effect on the sales of promotion items in the grocery sector. However, from 
results in the previous sections is concluded that the effect on the demand is either positive or negative 
depending on the month and holiday. This results explains that the factor seasonal effect with value 
December and factor with no holiday is the reference group in the model.  This research supports that 
the seasonal effect and holidays have a significant effect on the demand of the promotion items on 
office categories. However, different seasonal effect and holidays influence the sales of the promotion 
item for each different office product category. No influence is found for the summer holiday. Thus, no 
general support is found for lower sales by the summer holiday.  
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Table 22 the weights of each significant factor by paper, ink and toner category 

Paper Ink Toner

independent factors  B Beta  B Beta  B Beta

Constant 1.51 -1.56 -0.22

product characteristics

productsize with value 125

productsize with value 250 -0.20 -0.06

productsize with value 2500 0.75 0.09

normal purchase amount -0.37 -0.04 0.44 0.04 n.e. n.e.

product difference with value black n.e. n.e. n.e. n.e.

product difference with value one color -0.15 -0.06 n.e. n.e.

product type with value business paper n.e. n.e.

product type with value color paper n.e. n.e.

product type with value everyday paper n.e. n.e.

product type with value green paper -0.20 -0.03

baseline sales 0.26 0.26 0.62 0.58 0.57 0.48

place characteristics

mail quantity 1.11E-06 0.07 2.10E-06 0.16 1.70E-06 0.12

response rate of book in previous year -15.21 -0.08 n.e. n.e. n.e. n.e.

folder type with value A book n.e. n.e. n.e. n.e.

folder type with value A remail -0.69 -0.18 -0.48 -0.16 -0.48 -0.16

folder type with value Z book n.e. n.e. -0.08 -0.02

promotion characteristics

previous promotion sales 1.20 0.51 0.35 0.34 0.05 0.38

size of advertising with value <25 % -0.34 -0.04 n.e. n.e.

size of advertising with value 25-50 % n.e. n.e. n.e. n.e. n.e. n.e.

size of advertising with value 50-75 % -0.29 -0.05 n.e. n.e.

height of advertising with value A 0.16 0.05 -0.04 -0.01 0.19 0.03

height of advertising with value B n.e. n.e. n.e. n.e. n.e. n.e.

height of advertising with value C n.e. n.e. n.e. n.e.

price characteristics

absolute maximum price discount by ordering 

more promotion items -0.63 -0.11 0.12 0.06 -0.04 -0.06

relative maximum price discount by ordering 

more promotion item 3.97 0.12 n.e. n.e. n.e. n.e.

other factors

seasonal effect with month January -0.49 -0.07 -0.12 -0.02 n.e. n.e.

seasonal effect with month February n.e. n.e. n.e. n.e. n.e. n.e.

seasonal effect with month March n.e. n.e. 0.33 0.07 0.41 0.09

seasonal effect with month April n.e. n.e. 0.78 0.15

seasonal effect with month May -0.17 -0.03 0.54 0.12 -0.32 -0.07

seasonal effect with month June -0.56 -0.11 n.e. n.e. n.e. n.e.

seasonal effect with month July -0.18 -0.03 0.16 0.03 0.28 0.06

seasonal effect with month August n.e. n.e. n.e. n.e. n.e. n.e.

seasonal effect with month September n.e. n.e. n.e. n.e. 0.32 0.07

seasonal effect with month October n.e. n.e. 0.53 0.12 1.11 0.25

seasonal effect with month November n.e. n.e. 0.14 0.03 -0.38 -0.07

holiday nieuwjaar n.e. n.e. 0.22 0.04 -0.29 -0.05

holiday carnaval n.e. n.e. -0.08 -0.02 n.e. n.e.

holiday goede vrijdag n.e. n.e. -0.18 -0.05 -0.19 -0.05

holiday 2e paasdag n.e. n.e. n.e. n.e. n.e. n.e.

holiday dag van arbeid 0.29 0.04 -0.19 -0.01 n.e. n.e.

holiday hemelvaart n.e. n.e. -0.35 -0.10 -0.14 -0.04

holiday 2e pinksterdag -0.22 -0.06 -0.34 -0.10 n.e. n.e.

holiday scramentsdag n.e. n.e. n.e. n.e. 0.35 0.10

holiday maria hemelvaartsdag n.e. n.e. n.e. n.e. n.e. n.e.

holiday dag der eenheid -0.24 -0.05 0.08 0.02 n.e. n.e.

holiday allerheiligen n.e. n.e. -0.35 -0.09 -0.8 -0.20

holiday kerstavond -0.29 -0.07 0.28 0.08

holiday 1e kerstdag n.e. n.e. -0.34 -0.07 n.e. n.e.

holiday 2e kerstdag -0.66 -0.04 -0.6 -0.03 n.e. n.e.

factor is not taken into account of the model = 

factor is not significant in the model = n.e.
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5.4 Model results in comparison with literature and practice 
The results of the model will be compared to the current performance at Office Depot. Even though no 
current performance is found by forecasting promotion items, this promotion forecast tool is the start of 
forecasting of promotion items in Office Depot. The performance must be checked to see if the results 
are applicable and if there is a good contribution of the forecast model for promotion items. Therefore, 
the finding results are checked with literature from other promotion forecast tool that are made before. 
 
In the literature, several promotion forecast tools are used as a regression analysis to predict the sales 
of promotion items on several factors. The studies have adjusted R2 value as a model output of the 
promotion forecast tool. In the study Peters (2012), adjusted R2 values between 0.665 and 0.843 are 
found in forecasting promotion items in perishables items and the study of Van Dinter (2011) adjusted 
R2 value of 0.378 in promotion items in groceries stories are found.  These studies were focused on 
finding the up-lift factor of the promotion items compared to the average sales of the item. In the study 
of De Schrijver (2009), adjusted R2 values between 0.367 and 0.563 in promotion items of batteries and 
cameras are found. In this study the relationship between lognormal value of the absolute sales of 
promotion items and the lognormal value of the normal sales of the same item is determined. In all of 
these studies, the aggregation level is the total demand of all stores where the promotion is given. In 
this research, the model results have adjusted R2 values between 0.692 and 0.803 by predicting office 
promotion items. However, in this research no stores are given but the selling medium is mail and the 
customers are business customers, where in the other studies the customers are consumers. 
Furthermore, the focus determines the absolute demand of the promotion items. Compared to the 
other studies, the results of this research of the adjusted R2 are quite good, but in the other studies 
different outputs to define the effect of promotion items are used, which makes comparison between 
the different regression models on their performance quite difficult. According to Field (2005), a 
regression model with higher adjusted R2 value describes more of the variance accounted in the model, 
where 1 is the highest value and 0 the lowest value. From this perspective, the adjusted R2 values in this 
project are quite good. In the model results the percentage values of MSE and MAD compared to the 
average actual sales are given. The percentage values of MSE are quite high in the different categories. 
The percentage values of MAD are much lower; around 37 % in the different categories. This result 
shows that the average absolute forecast error is around 37 % of the average actual sales, this is not 
quite low but applicable at Office Depot, because no previous results about MAD values are found at 
Office Depot. The MSE values are directly related to the standard deviation (Silver et al., 1998). In the 
model, results of the percentage value of standard deviation of MSE divided by the average actual sales 
are given. This percentage value is over 100 % in the paper category, what means the MSE value is quite 
high and the standard deviation is even higher in this category. In the other categories these percentage 
values are lower but still quite high; around 66 %. This result describes that the standard deviation of 
the demand of promotion items is quite high. This can be related to the fact that many promotion items 
are taken into account in the research. No distinction is made between promotion items with a low 
demand and a high demand by promotions.   
 
From the literature perspective, the model results seem applicable for Office Depot. At the moment, no 
promotion forecasts are done in Office Depot and any contribution of the forecasting model to improve 
sales is desired in Office Depot. Furthermore, the deviation between the actual sales and the predicted 
sales of promotion items can be determined as the deviation of the forecast errors. In appendix T, an 
overview of the deviation in the different categories is given. For each category the percentage of total 
observations by a given forecast error margin are determined. This determination shows which 
maximum acceptable deviation of the percentage of observations falls in this margin. This information 
can be showed how accuracy the model will be. The deviation can be given in relative value and 
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absolute value. The absolute value is the difference between the value forecast demand promotion item 
and the value actual demand promotion item. The relative value is the percentage absolute value 
dividend by the actual demand of the promotion item. In figure 4 the relative deviation for each 
category is shown depending on the percentage of total observation in each category and table 23 
shows the absolute deviation depending on the percentage of total observations in each category. The 
contribution of these results is the chance of stock leftovers and out of stock can be calculated when 
only ordering the exactly forecast sales of the promotion within the maximum acceptable margin.  With 
these results Office Depot can define with their maximum acceptable margin of forecast errors will be in 
relative or absolute deviation.  
 

 
Figure 4 the relative deviations of total observations per category 

 

 
Table 23 the absolute deviations of total observations per category  
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deviation observations deviation observations deviation observations

0 0% 0 0% 0 0%

10 37% 2,5 32% 0,5 14%

20 54% 5 51% 1 27%

30 68% 7,5 62% 1,5 37%

40 74% 10 69% 2 46%

50 78% 12,5 74% 2,5 54%

60 80% 15 79% 3 61%

70 82% 17,5 82% 3,5 66%

80 84% 20 84% 4 71%

90 86% 22,5 87% 4,5 74%

100 87% 25 89% 5 77%

paper ink toner
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6 Implementation  
This chapter describes how the promotion forecast model can be implemented in the current situation 
of Office Depot. At the moment, Office Depot wants to implement this project in practice. This section 
will show how to implement the forecasting model as developed in the previous section. By doing this, a 
promotion forecast model is made which fulfills the requirements defined by Office Depot, as earlier 
mentioned in section 2.6 as functional requirements. According to the previous chapter, promotion 
forecast tool can be used to predict promotion in the paper, ink and toner categories. Implementation 
of this plan is no part of this project, but the plan of action will be given on how this promotion forecast 
tool can be implemented in the practical perspective of Office Depot. This part starts with analyzing for 
which part of the promotion process this promotion forecast tool can be used and which steps of the 
promotion process will be changed. Afterwards, the consequences of the implementation and results of 
implementation of the promotion forecast tool will be given.  
 

6.1 Changing the promotion process  
The promotion process is given in detail in the section 2.1. In general there are five steps of the 
promotion process; initiate promotion, provide data analysis promotion, setup definition & create specs 
promotion, promotion build and deploy promotion to touch point. In the step promotion build the 
promotion must be forecasted depending on the previous steps by the merchandise department. 
However, in general, no promotion forecast tool is used at the moment. For this step, this research can 
be used to forecast promotion items. However, the merchandise department is not responsible for 
providing this data. The local BI (Business Intelligence) department must provide all these data, so the 
merchandise department must use this input to make the promotion forecast tool. All the data is 
collected from historical data from previous promotions and from actual information of the item. The 
promotion process must be changed to implement the promotion forecasting tool. The BI department 
must register the results from the deployment step of the promotion to the touch point from previous 
promotions. In the promotion process, a link from the step deploy promotion to touch point to the step 
provide data analysis promotion must be added in the promotion processes to create this plan. Even a 
direct link between the steps provides data analysis promotion to the step promotion build must be 
created for giving the data from the BI department to the merchandise department. This change of the 
promotion process creates a loop in the total promotion process to improve and to update previous 
promotions to use this information in the next promotions for a most accurate promotion forecast tool 
to use. In figure 5 on the next page, these changing step and extra links of the promotion process are 
shown in red.  
 

6.2 Consequences of the implementation  
The use of the promotion forecast tool has some consequences for the promotion process. First of all, 
the merchandise department must make a promotion process. Second, the promotion forecast tool is 
designed under the practical requirements that are given in section 2.6. Third, the BI department must 
spend time gathering all the data of each promotion in the promotion books. Fourth, the employees 
must be trained to use the promotion forecast tool to forecast the promotion items and the 
merchandise department need some extra time for forecasting the demand of each promotion item. 
 
Furthermore, the implemented model must be updated to predict the next promotions accurate 
enough. Before each forecast of promotion item is made, the last known previous sales of promotion 
item and the baseline sales of previous 8 weeks must be determined. Besides, the model must be 
maintained that in the future it will still be accurate. For this regression model, the best way would be to 
make an update of the weights of the significant factors to have an accurate forecast model. To check 
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this yearly-basis, the model will be relevant on the recent promotions in the last years. This model is 
based on the promotion items from 2009 until 2012. A promotion forecast tool with data of four years 
seems enough to be used in further situations. Based on the high number of promotions in the model 
during the four years and promotions from more than four years are less reliable to take into account, 
because customers are different now than back then.    
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Figure 5 the changed promotion process at Office Depot  

 
6.3 Results of the implementation  
The model has several advantages when implemented at Office Depot. The promotion forecast tool 
determines the demand of promotion items which results in improving solutions to the root causes of 
the problems; 
 

 Low experience creating promotions. After implementation, the merchandise department gets 
more experience in how to create promotions and knows which factors affect the demand of 
promotion items.  

 Forecast promotion is based only on historical data and personal expertise. The promotion 
forecast tool is based on several factors that find significant effects to predict the sales of the 
promotion item and not only on historical data and personal expertise as before is done, if 
already a forecast has been made for the demand of promotion items. This gives a more 
accurate forecast for promotion items than the current situation.  
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The promotion forecast tool also has some other improvements for the supply chain department.  
 

 Higher accuracy of promotion items, by using the promotion forecast tool, the model can 
forecast the sales of promotion items more accurately. This results in more optimal ordering of 
promotion items by the inventory department.     

 More reliable model, this promotion forecast tool is based on objective facts from previous 
promotions and actual information of the items. This makes the model more reliable for use to 
forecast the demand of promotion items.   

 Reducing stock leftovers and out-of-stock, the promotion forecast tool predicts the expected 
demand of the promotion items. This model shows insight on the demand of the promotion 
items given in previous section in each category. At least 69 % of the promotion sales can be 
determined. Furthermore the standard deviation of the forecast model is defined, for insight of 
the forecast errors in the model. This determination gives more insight how accurate the 
promotion forecast tool is for predicting the sales of promotion items during the promotion 
period. With this result one can order more precise the promotions items depending on the 
expected demand for reducing the chances of stock leftovers and out-of-stock by office 
promotion items.   
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7 Conclusion and recommendations  
This last chapter describes the conclusion and recommendations of the total project. First, the 
conclusion of the general findings of the research will be given. This is followed up by recommendations 
and limitations for further research compared to this research. The chapter is concluded with the 
contribution of the research to the literature.   

7.1 Conclusion 
In this master thesis project, a promotion forecast tool to predict the demand of the promotion items 
has been developed. The promotion forecast tool has been created to improve the inaccurate quantity 
promotion forecasting in Office Depot. Different selling mediums at Office Depot have been analyzed, 
interviews with employees of Office Depot have been held and quantitative and qualitative information 
about promotions in Office Depot has been gathered. This resulted in the conclusion that the main 
question of this project is: How to improve the forecast accuracy of promotion items at Office Depot?  
 
At the moment, forecasts for promotion items are done by a qualitative forecast technique, which 
means this consists of opinions and judgmental input but in general no demand forecast of promotion 
items are made. Currently, this research shows that using a regression analysis as promotion forecast 
tool for office items is applicable based on the principles from the studies Divikar et al. (2005) and 
Cooper et al. (1999) to use a regression model to forecast promotion items. The paper category shows 
that over 80 % of variation of the promotion item can be explained by using this promotion forecast tool 
for promotion items in promotion books.  
 
The promotion forecast tool is defined by using several factors from practical perspective as well as from 
theoretical perspective. A consideration is made which factors are taken into account in the model. As a 
start, the dependent factor was defined for the sales of the promotion item during the total promotion 
period of the promotion book based on the input from the study of Divikar et al. (2005). Next, all the 
possible indicators to predict the promotion sales are defined. In this research can be classified four 
main characteristics; product, place, price and promotion to predict the promotion items in the paper, 
ink and toner categories (Cooper et al., 1999; Jobber & Lancaster, 2009).  
 
After analysis of the product characteristics is found that, depending on which product category is 
analyzed, some specific factors have an effect on the promotion sales (Ramanthan & Muyldermans, 
2010). A consideration must be made that for the factors baseline sales and normal purchase amount is 
found a significant effect on predicting the demand of promotion items (Cooper et al., 1999; Ailawadi et 
al., 2006). 
 
The place characteristics in this research depend on the factors mail quantity, type of promotion book 
and response rate of book in previous year. The higher the mail quantity the more sales of the 
promotion item, depending on the folder type. The fact that in the paper category the response rate of 
previous year of the book is of no importance means this impact is too low on item level and has a more 
general effect.  
 
The previous promotion period is important at promotion characteristics factors. Higher previous 
promotion sales result in more upcoming promotion sales, which are also given in the study of Cooper 
et al. (1999). However, the promotion frequency in previous months is not important for customers by 
ordering office items. The factors size of advertising and height of advertising are affected the demand 
of promotion items depending on each category. This effect can be either a positive or a negative effect 
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on demand of promotion items. According to Cooper et al. (1999), Wansink (1994) and Ailawadi et al. 
(2006), some support is found for these factors, however the size of effects in the model depend on the 
office category. Not every height of advertising and size of advertising has effect on the sales of the 
promotion item. 
 
In the price characteristics, no support is found for the discount depth or the price of the product, where 
in general these factors have affected the promotion sales (Cooper et al., 1999; Walters & Bommer, 
1996; Ailawadi et al., 2006; Raju, 1992). In Office Depot more important is that customers receive a 
lower price when ordering more of the item on the same time. This means giving lower prices when 
order more items at once triggers the sales of the promotion items. However, this effect can be either 
positive or negative depending on the particular office category.  
 
Also, other factors are taken into account for the total overview of finding all the effects on office 
promotion items. According to Ramanthan & Muyldermans (2010) and Divikar et al. (2005) the factors 
holiday and seasonal effect can affect the promotion sales of an item. This research shows that, even in 
long promotion book as in these books, seasonal effects and holidays have an effect on the total 
promotion sales of an item and this conclusion is supported by the studies Ramanthan & Muyldermans 
(2010) and Divikar et al. (2005). 
 
The model results show that the percentage values of MSE comparing to the average actual sales of 
promotion items are quite high in the different categories. The expectation is that the variation between 
the promotion sales is high. This explains the high MSE values in the different categories. This indicates 
that the standard deviation of forecast errors is quite high. However, the percentage values of MAD in 
comparing with the average actual sales of promotion items are around 37 % in the different categories. 
The average absolute deviation is much lower. This is explained by the many promotion items in the 
model with high difference sales of promotion items in the predicted model. The average up-lift factor in 
comparing with the overall baseline sales of the item is 6.20 % by promotions in the paper category, 
5.12 % by promotions in the ink category and 3.86 % by promotions in the toner category. Validating the 
different categories with the model part, the percentage values of MAD and MSE are higher, which 
indicates the performance of the models is reduced in other categories and the deviation of forecast 
errors is higher than the model part. In this research, an analysis about the percentage of observations is 
also made. This falls in certain margin of forecast errors to see how accurate the forecast model will be. 
These results show how applicable the forecast model will be to forecast the expected demand of 
promotion item right under a given margin.  
 
In general, by using this regression model office items can be forecasted to calculate the absolute sales 
of the promotion item at Office Depot. This research focuses on different product categories of office 
items, where the focus of the promotion forecast tool lays on the paper category. Consequently, an 
individual forecast model has been developed for the ink and toner categories based on the paper 
category. Based on the regression results, the model can be used to forecast other promotion items in 
different categories. It is attractive to implement this promotion forecast tool for Office Depot, for 
forecast more accurate the demand of promotion items than is possible now. This information can be 
used to forecast more accurate the quantity of the promotion items which are needed by a promotion. 
This improvement in inventory of promotion items can be lead to the reduction of stock leftovers and 
out-of-stocks of promotion items.  
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7.2 Recommendations & limitations  
In this section, the limitations of this research project will be discussed. Furthermore, some further 
research directions will be given based on the research done in this project. First of all, the accuracy of 
the model is quite good. In Office Depot, for every promotion done, a promotion scope must be defined 
by the five factors; promotion category, medium, customer perspective, product and country. In this 
research, not all of the promotion can be taken into account and a selection must be made which 
promotions are focused on in the promotion scope. The effects in the promotion forecast tool might 
change when this is explored in other perspectives in the promotion scope. The recommendation from 
this research is to explore this promotion forecast tool in the total promotion scope:  
 

 In the promotion category the promotion forecast tool can be explored for other promotion 
instruments for improvements in forecasting promotions. 

 The focus on this research was the promotion book, but other mediums are used for promotions 
too. Recommended will be, to check if this promotion forecast tool is applicable for other 
mediums.  

 In the project the customer perspective is focused on all the customers who receive the 
promotion book. However, a selection is made by Office Depot which customers get this book. 
Further research must be done to see which customers react differently on the promotion and 
how customers are selected for this book. Each customer in Office Depot is registered by a 
customer number, related to the sales quantity from which medium the customer orders and 
when the customer orders. When these data are analyzed, the right customers who react to 
promotions can be selected for getting the promotion books.    

 In this research the selecting of product is limited to all the promotion items of the paper, ink 
and toner categories. The promotion forecast tool must be explored to see if other office 
categories show same results as the paper, ink and toner categories.  

 Germany is selected as country for research. However, Office Depot sells to multiple countries. 
Considered must be, to check if the promotion forecast tool can be used for other countries. 
Cultural differences can be involved different customer buy behaviors in countries, this can be 
resulted in different effects to forecast the demand of promotion office items (Mooij & 
Hofstede, 2011).  

 
The limitations and recommendations in the promotion scope are defined from the perspective of the 
project design in this research. Furthermore, some limitations and recommendations about the given 
promotion forecast tool are defined.  
 
The extreme promotions are left out of the research, because these promotions affect the model too 
much. All these extreme promotions have extreme high sales. More research is needed for the effects 
on these extreme promotions for a more accurate promotion forecast tool. The deviation between sales 
of the promotion items during the promotion period is quite high. A distinguish may make for a 
promotion forecast tool for promotions items with expecting low demand and high demand (slow 
mover promotion items and fast mover promotion items).   
 
In this research, only quantitative input is used for the promotion forecast tool. Before this research, 
most of the time only qualitative input was used when a promotion forecast was done. According to 
Silver et al. (1998), a forecasting framework is based on input from promotion forecast tool (quantitative 
input) as from judgmental input (qualitative input). Now the quantitative mechanism is defined. An 
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optimal combination between quantitative and qualitative input must be defined for the most 
improvement of the accuracy of forecasting promotion items.   
 

7.3 Contribution to literature 
In section 1.6, three gaps in the literature are defined to which this research will give contribution. For 
each gap, the input from this research to the literature is given below.  
 

1. No promotion forecast tool has been made for office items. In the literature a lot of 
information about promotion forecast tools with food items and products in groceries are 
found, e.g. PromoCast (Cooper et al., 1999), Scan*Pro (Van Heerde et al., 2002) and CHAN4CAST 
(Divikar, 2005). But, no promotion forecast tool has been made for items in the office sector. 
This research shows that a promotion forecast tool is applicable for office items. From the 
results in the research is concluded, that absolute sales of the promotion item are accurate 
enough to forecast the demand of promotion items, which also showed in the studies Divikar et 
al. (2005) and Van Heerde et al. (2002). In the studies of Ailawadi et al. (2006), Narasimhan et al. 
(1996), Ramanthan & Muyldermans (2010) and Walters & Bommer (1996) factors that have a 
significant effect on the sales of the promotion item are defined. This research shows that some 
factors are applicable to forecast promotion sales by office items. Some new factors are taken 
into account for the model for office items to see significant effect on predicting sales of 
promotion item, e.g. normal purchase amount. This research extends the literature with a 
promotion forecasting tool for a different product category that has never been used before in 
research.  
  

2. A promotion forecasting tool for the mail medium. No promotion forecast tool has yet been 
made for demand in mail channel. All the characteristics that affect the demand of promotion 
items are defined in four categories of the promotional mix (promotion, product, price and 
place characteristics) (Jobber & Lancaster, 2009; Cooper et al., 1999). However, the place 
characteristics are different. Instead of a store, a different medium is used in this research. For 
this research, new factors are defined for the place characteristics. The literature can be 
extended for this new medium, for which a promotion forecast tool can be made by using these 
new factors as given in this research.   

 
3. Selling promotion items only to business customers. This research also has a contribution to 

the business to business selling. The same factors affected the sales of promotions items to 
consumers as well as to business customers. In this research, factors from several studies, as 
Cooper et al. (1999), Ailawadi et al. (2006) are taken into account which affects the sales of 
promotion items by consumers. These factors have even an effect on the sales of promotion 
items to business customers. This research supports that factors of promotion forecast tools for 
consumers can be used in promotion forecast items for selling to business to business.  
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Appendix D: Assumptions 
In this appendix the assumptions will be given for correct analysis of the factors in model. 
 
Specific assumptions of the proposed model 

 For the factor product difference (only for ink and toner category), the factor has three values 
(color, black, multi-color pack). In further analysis no distinguish will be made between three, 
four or five multi color packs. All the items with more than 1 color fall into the multi-color pack 
category.  

 For the factor baseline sales, the baseline sales of the promotion item will be calculated by the 
total sales in the previous 8 weeks before the week in which the promotion was started.  
Expected is that in both weeks 1 and 52 of the year very few office items are sold, due to the 
Christmas holidays. From this perspective, these weeks are left out in the baseline sales and the 
previous weeks are taken into account instead of week 1 and 52.   

 For the factor response rate of book in previous year, when no response rate of the same book 
in the previous year is given, the response rate of the book of two years before will be take into 
account.  

 The factor previous promotion sales is not always known, because the previous promotion 
period has not yet finish if the same promotion  item is done in the same book in the previous 
promotion book. Then the previous promotion sales will be taken in account from which closest 
promotion period has finished.      

 For the factor holiday, only holidays will be taken into account when they occur during a 
working day.  
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Appendix E: Product hierarchy 
This appendix is excluded for confidentiality reasons.   
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Appendix F: Forecasting framework 
This picture shows a overall framework of forecasting items:  
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A suggested forecasting framework (Silver et al., 1998) 
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Appendix G:  Description of the variables in literature review 
This appendix describes, from the four studies in the literature reviews, the short description of each 
variable which could affect the demand of promotion items.  
 
 Description of the variables in study Ailawadi et al. (2006)  

factor description  

promotion characteristics   

discount depth  percentage of the price differences between the promotion price and 
the normal price 

featured promotions the customers attention that a certain promotion is given for an item 

percentage of items in one 
category on promotions at 
the same time 

the percentage of the total amount promotion items in the same 
category 

brand characteristics    

unit share the share of the brand in promotion 

relative advertising advertising of the item 

relative price brand price, relative to the competing brand 

promotion frequency frequency of the promotion in a certain period  

category characteristics   

penetration share of the consumers that use this item 

purchase frequency how many times the customer buy this product  

purchase amount average number of products that is bought of the item  

promotion frequency how many times are done promotions on category level  

average discount depth average price reduction on category level 

distribution percentage of retailers in the market have the item 

storability the possibility to store the product 

impulse purchase ability the degree that customer buy the product spontaneous  

advertising advertising by the manufacturer 

herfindahl index unit of share of the item in a category 

number of brands the different brands in one category 

store characteristics   

store square footage the size of the store 

location  how attractive the place of the store 

competition  the degree that competition reacts on the promotion  
Overview about the major variables of promotion characteristics in the study of Ailawadi et al. (2006)  
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Description of the variables in the study Narasimhan et al. (1996)  

category 
characteristics 

description results of promotional elasticity 

category 
penetration 

share of the customers 
use the product 

gives positive promotional response, where promotional 
response and category penetration has strong 
relationship to featured price cuts 

purchase cycle consumer interpurchase 
time 

higher purchase cycles lead to lower promotional 
elasticities 

Price average dollar spent per 
purchase occasion 

price discount has positive effect on pure price cut, 
however negative effect on displayed price cut 

Private label 
share 

share of the product in 
one category 

no evidence is found for significant effect  

number of 
brands 

amount of brands in one 
category 

promotions with many competitors lead to lower 
promotional elasticities 

impulse 
buying 

spontaneous action to 
buy the product 

no evidence is found for significant effect  

ability to 
stockpile 

possibility to store the 
product 

promotions lead to significant effect on stockpile by 
consumers   

Overview about the major variables of promotion characteristics in the study of Narasimhan et al.  (1996) 
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Description of the variables in the study Ramanthan & Muyldermans (2010)  

factor description significant factor 

promotional 
factor 

    

type of 
promotion 

which promotion is done (e.g. half price, 3 for 
€x, save €x) 

positive or no effect, depending on 
the bottle size 

size of 
promotion 

how many publicity is given for the 
promotion 

positive effect 

duration the total time of the promotion positive effect 

percentage 
discount 

the percentage between the difference of 
normal price and promotion price 

positive effect 

seasonal factor     

temperature  the average temperature of the week positive or no effect, depending on 
the bottle size 

week in year week of the year of the promotion positive or no effect, depending on 
the bottle size 

special days     

festivals important holidays (Christmas and Easter) positive or no effect, depending on 
the bottle size 

holidays normal holidays  positive or no effect, depending on 
the bottle size 

customer 
preferences 

   

product rank the flavor of each product for the customer positive effect 

new/established 
product 

is the product new or established negative or no effect, depending 
on the bottle size 

Overview about the major variables of promotion characteristics in the study of Ramanthan & Muyldermans (2010) 
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Description of the variables in the study Walters & Bommer (1996)  

factor Description 

product related    

brand market share market share of a product in one product category 

brand price unique price of a product 

product bulk how the width and length of a product 

shelf space space in a store for a product 

brand type brand awareness of a product 

promotion related   

frequency of price promotion frequency of price promotion on a product 

magnitude of price promotion depth of price cut on a promotion product 

variability of price promotion different in timing the promotion on product 

product displays and price promotion frequency of publicity on promotion 
Overview about the major variables of promotion characteristics in the study of Walters & Bommer (1996) 
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Appendix H: Scan*Pro model  
The original SCAN*PRO model is specified as (Van Heerde et al., 2005):   
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     (5) 

k = 1…K t = 1,…,T j = 1,…,n 
j  = brand in promotion 
r  = brand 
k  = store 
t  = week  
l  = sort of promotion 
n = number of brands in competitive set 
e  = error term  
n  = total number of brands 
K = total number of stores 
T = total number of weeks 
 

kjtq
= unit sales for brand j in store k in week t 

krtp
 = price for brand r in store k in week t 

_

krp
= average regular price for brand r in store k 

lkrt
D

= indicator variable for l, 1 as l in store k for brand r in week t, otherwise 0  

t
X

 = indicator variable for missing variables or season effects, 1 if it is found in week t,           
otherwise 0 

k
Z

 = indicator variable for store k, 1 if store k is used, otherwise 0  

rj


 = price discount elasticities for brand r and j, r = j is own brand, otherwise cross-brand  

lrj
= multiplier for sort of promotion l by brand r and brand j  

jt
= multiplier for brand j in week t 

kj
= regular unit sales for brand j in store k  

kjl
u

= disturbance term for brand j in store k by promotion l  
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Appendix I: Overview all causes by the research problem 
This appendix describes each cause in more detail of the cause-and-effect diagram as given below, 
based on the format of Ishikawa (1990). Afterwards, each cause in the cause-and-effect diagram is 
described in more detail in the table below. 

inaccurate quantity promotion items

inventory management

merchandise

variation of sales

prevent out-of-stock

current collaboration

lack of information sharing

low expercience creating promotions

different kind of promotions

local (promotion) 

differences in regions 

wrong focus on customers

Forecast management

no promotion forecast tool 

Supply chain relationships

long lead time products

No disposal after promotions

Limited space on DC

lack of planning

input is only historical data

 and personal expertise

low expercience order premiums

no data is used 

information systems

forecast procedures

 are not known 

marketing

no feedback 

promotions

 
Cause-and-effect diagram for research problem, based on format of Ishikawa (1990). 
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Cause  Responsible 
Departments  

Description  

No feedback of promotion  Forecast management No feedback is given about of earlier promotions to 
use this information for next promotions. 

Forecast procedure is not 
known 

Information systems No unambiguous promotion procedure for making 
promotion 

No promotion forecast tool Information systems No tool or model is used to forecast the demand of 
promotion. 

Input is only historical data and 
personal expertise 

Information systems & forecast 
management 

Only historical data and personal expertise is used, if 
this data is found and experiences from making earlier 
promotions. 

No data is used Merchandise department & 
Information systems & forecast 
management 

No data is used for promotion forecast, and only 
historical data are used when they have it.  

Low experience with creating 
promotions 

Merchandise department & 
Information systems & forecast 
management 

New employees have no experience with making 
promotions.  

Local differences in regions Merchandise department & 
Information systems & forecast 
management 

Cultural effects on local level have affected on the 
promotion demand. 

Different kind of promotion Merchandise department & 
Information systems & forecast 
management 

Different promotion policies make to forecast difficult 
the right promotion demands by particular promotion.   

Wrong focus on customers Marketing department No experience which customers response on 
promotion.  

Low experience order premiums Marketing department Low experience of the department by forecasting the 
order premiums. 

No disposal after promotions Supply chain relationships Too high inventory of promotion products will stay for 
next promotion period or normal sales in DC.  

Long lead time products Supply chain relationships Some products are not on time by starting of the 
promotion, because the long lead time of some 
products. 

Limited space on DC Supply chain relationships Limited space for all products on DC. 

Prevent out-of-stock Inventory management & 
supply chain relationships 

In the company prefer high inventory level of the 
products, even promotion products (99, 5 % must be 
delivered immediately to customers).  

Variation of sales Inventory management & 
supply chain relationships 

The sales of the promotion period are not checked in 
the promotion period.  

Lack of information sharing Current collaboration  No all the information of the promotions is given 
between departments. 

Lack of planning Current collaboration An accurate promotion forecast and promotion 
planning is not sharing with other departments.  

Overview of all the causes by the research problem  
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Appendix J: Sales in DACH-BNLX region  
This appendix is excluded for confidentiality reasons.   
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Appendix K: Analysis of promotion book in Germany 
This appendix is excluded for confidentiality reasons.   
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Appendix L: Average sales in promotion book 
This appendix is excluded for confidentiality reasons.   
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Appendix M: description about all the factors which left out of the 

forecast model 
This appendix discusses all the factors which are left out of the forecast model in further research. For 
each category as discussed in section 3.4 will be given the factors which are left out of the forecast 
model.  

 
The factors of the product characteristics which left out of the model 

 
In the category product characteristics are seven factors left out of the model. The factor ability to 
stockpile is not in account because this factor is measurable in further research but not useful by the 
paper category. The factors market share, brand type and product specifications are even measurable at 
Office Depot. However after consideration with employees the relevance of these factors by promotion 
office items was low as possible effect for the demand of promotion item. The factors purchase 
frequency, forecast promotion sales and brand awareness is not take in account because this 
information is not available for further research.  
 

 The factors of the place characteristics which left out of the model 

 

In the category place characteristics are five factors not take in account of the forecast model. The 
country of the mail is Germany, however in the project scope has already defined the country and no 
other countries are taken in account in this research. The factors purchase amount on mail level and 
sales of promotion book are left out of the model, because these factors have no extra value to forecast 
the promotion on product level, this is only important on mail level. The factors selecting of the 

Factor Description Reference of the factor Measurable In model

Market share The share of an item in the total 

sales of a category

Theoretical perspective; Narashim et al. (1996), Ailawadi et al. 

(2006) and Walter & Bommer (1996)

Yes

Brand type Different brand Practice perspective of Office Depot and theoretical 

perspective; Ailawadi et al. (2006)

Yes

Purchase frequency The frequency which a product is 

bought  by customers 

practice perspective of Office Depot and theoretical 

perspective; Ailawadi et al. (2006) and Narashim et al. (1996)

No

Product specifications Sort of item (e.g. color paper or 

white paper)

Practice perspective of Office Depot Yes

Forecast promotion sales Forecast of the expected demand 

in the promotion period

Theoretical perspective; Cooper et al. (1999) No

Ability to stockpile The degree which a product 

category is easy to stockpile for 

customer

Theoretical perspective; Narashim et al. (1996), Ailawadi et al. 

(2006), Mace & Neslin (2004) and Raju (1992)

Yes

Brand awareness How customers are related to 

specific item

Theoretical perspective; Walters & Bommer (1996) and 

Ailawadi et al. (2006)

No

Product characteristics

Factor Description Reference of the factor Measurable In model

Country of the mail Which country is the promotion 

done

Practice perspective of Office Depot and theoretical 

perspective; Divikar et al. (2005)  and De Mooij & Hofstede 

(2011)

Yes

Selecting of the customers Which customers are selected for 

the promotion

Practice perspective of Office Depot No

How reacts each selected 

customer group

Which customer really react on 

the product

Practice perspective of Office Depot and No

Purchase amount on mail 

level

What is the average different 

items per ordering from the book 

Practice perspective of Office Depot and theoretical 

perspective; Narashim et al. (1996)and Ailawadi et al. (2006) 

No

Sales of promotion book What is the total sales of the 

promotion book

Practice perspective of Office Depot  Yes

Place characteristics
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customers and how reacts each selected customer groups are not measurable because analysis of 
selecting process of customers is not possible by time limit of this master thesis project, the same 
reason is found for the factor how reacts each selected customer group.   
 

 
The factors of the promotion characteristics which left out of the model  

 
The factors purchase amount on item level and penetration are left out of the model, because these 
factors are not relevant in the perspective of Office Depot. The purchase amount on item level is 
depending only on previous promotion and many factors give this purchase amount already indirect by 
the factor previous promotion and the normal purchase amount. The penetration gives no added value 
in this promotion, because each promotion book does many promotions in the paper category, what 
indicates that the penetration is the same each month. Besides many promotions are done in other 
mediums which does not know how many items in the category in total are promoted. The factors 
percentage of all items in one category on promotion and extra promotion information are not given in 
Office Depot what cannot take in account for further analysis.   
 

 
 The factors of the price characteristics which left out of the model 

 
The factor relative price by other competitors cannot be found, because different businesses are sold 
even office items to business. Who the competitors are been and how many competitors are in the 
whole country is not transparent, what makes it difficult to calculate the relative price for an item in 
comparing with other sellers which sold the same item.  
 

 
The other factors which left out of the model 

 
The factor promotion length will be not taken in account, because the average promotion length of the 
promotion book is 40 days and is only depending on holidays in the promotion period. These holidays 
are taken in account the forecast model, what makes the promotion length to use as factor for 
forecasting model not useful.   
 

 

Promotion characteristics 

Factor Description Reference of the factor Measurable In model

Purchase amount on item 

level

What is the average quantity of 

ordering promotion item in the 

promotion book 

Practice perspective of Office Depot and theoretical 

perspective; Ailawadi et al. (2006)

Yes

Percentage of all  items in 

one category on 

promotion

percentage of all  items in one 

category are in promotion

Theoretical perspective; Ailawadi et al. (2006) and Narashim 

et al. (1996)

No

Penetration Response rate of the customers 

who bought the item from the 

book

Practice perspective of Office Depot and theoretical 

perspective; Ailawadi et al. (2006) and Narashim et al. (1996)

Yes

Extra promotion 

information

Extra information of the 

promotion action

Practice perspective of Office Depot and theoretical 

perspective; Ailawadi et al. (2006), Cooper et al. (1999) and 

Ramanthan & Muyldermans (2010)

No

Factor Description Reference of the factor Measurable In model

Relative price brand price, relative to the 

competing brands 

Practice perspective of Office Depot and theoretical 

perspective; Ailawadi et al. (2006) and Bolton (1989)

No

Price characteristics

Other factors

Factor Description Reference of the factor Measurable In model

Promotion length How long is the promotion period Practice perspective of Office Depot and theoretical 

perspective; Ramanthan & Muyldermans (2010)

Yes
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Appendix N: Sales per week for seasonal effects 
This appendix is excluded for confidentiality reasons.   

  



78 
 

Appendix O: Outliers of the factors 
The standardized data of the dataset for dependent and independent factors in the model are 
presented in this appendix. The univariate outliers are defined observations with standardized data of a 
value greater than 4. These observations are out of scope in the research, because the dataset affects 
too much (Hair et al., 2010). First the outliers of the paper category are showed. Next, the outliers of the 
ink category will be given. In the last section the outliers of the toner category are given.  

Outliers of paper category 

Outlier promotion sales 

 

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Absolute Z-score less than 2.58 4329 99.2 99.2 99.2 

Absolute Z-score between 3.29 

and 4 

2 .0 .0 99.2 

Absolute Z-score greater than 4 33 .8 .8 100.0 

Total 4364 100.0 100.0 
 

Outliers of the dependent factor promotion sales in the paper category 

Outlier normal purchase amount 

 

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Absolute Z-score less than 2.58 4200 97.0 97.0 97.0 

Absolute Z-score between 2.58 

and 3.29 

56 1.3 1.3 98.3 

Absolute Z-score between 3.29 

and 4 

32 .7 .7 99.0 

Absolute Z-score greater than 4 43 1.0 1.0 100.0 

Total 4331 100.0 100.0 
 

Outliers of the independent factor normal purchase amount in the paper category 
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Outlier baseline sales 

 

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Absolute Z-score less than 2.58 4164 97.1 97.1 97.1 

Absolute Z-score between 2.58 

and 3.29 

20 .5 .5 97.6 

Absolute Z-score between 3.29 

and 4 

22 .5 .5 98.1 

Absolute Z-score greater than 4 82 1.9 1.9 100.0 

Total 4288 100.0 100.0 
 

Outliers of the independent factor baseline sales in the paper category 

Outlier previous promotion sales 

 

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Absolute Z-score less than 2.58 4191 99.6 99.6 99.6 

Absolute Z-score between 2.58 

and 3.29 

6 .1 .1 99.8 

Absolute Z-score between 3.29 

and 4 

2 .0 .0 99.8 

Absolute Z-score greater than 4 7 .2 .2 100.0 

Total 4206 100.0 100.0 
 

Outliers of the independent factor previous promotion sales in the paper category 
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Outliers of the ink category  

Outlier promotion sales 

 

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Absolute Z-score less than 2.58 11725 98.2 98.2 98.2 

Absolute Z-score between 2.58 

and 3.29 

82 .7 .7 98.9 

Absolute Z-score between 3.29 

and 4 

51 .4 .4 99.3 

Absolute Z-score greater than 4 82 .7 .7 100.0 

Total 11940 100.0 100.0 
 

Outliers of the dependent factor promotion sales in the ink category 

Outlier normal purchase amount 

 

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Absolute Z-score less than 2.58 11615 98.0 98.0 98.0 

Absolute Z-score between 2.58 

and 3.29 

193 1.6 1.6 99.6 

Absolute Z-score between 3.29 

and 4 

25 .2 .2 99.8 

Absolute Z-score greater than 4 25 .2 .2 100.0 

Total 11858 100.0 100.0 
 

Outliers of the independent factor normal purchase amount in the ink category 
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Outlier baseline sales 

 

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Absolute Z-score less than 2.58 11521 97.4 97.4 97.4 

Absolute Z-score between 2.58 

and 3.29 

108 .9 .9 98.3 

Absolute Z-score between 3.29 

and 4 

56 .5 .5 98.7 

Absolute Z-score greater than 4 148 1.3 1.3 100.0 

Total 11833 100.0 100.0 
 

Outliers of the independent factor baseline sales in the ink category 

Outlier previous promotion sales 

 

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Absolute Z-score less than 2.58 11359 97.2 97.2 97.2 

Absolute Z-score between 2.58 

and 3.29 

138 1.2 1.2 98.4 

Absolute Z-score between 3.29 

and 4 

96 .8 .8 99.2 

Absolute Z-score greater than 4 92 .8 .8 100.0 

Total 11685 100.0 100.0 
 

Outliers of the independent factor previous promotion sales in the ink category 
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Outliers of the toner category  

Outlier promotion sales 

 

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Absolute Z-score less than 2.58 8993 97.5 97.5 97.5 

Absolute Z-score between 2.58 

and 3.29 

54 .6 .6 98.1 

Absolute Z-score between 3.29 

and 4 

64 .7 .7 98.8 

Absolute Z-score greater than 4 113 1.2 1.2 100.0 

Total 9224 100.0 100.0 
 

Outliers of the dependent factor promotion sales in the toner category 

Outlier normal purchase amount 

 

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Absolute Z-score less than 2.58 8987 98.6 98.6 98.6 

Absolute Z-score between 2.58 

and 3.29 

50 .5 .5 99.2 

Absolute Z-score between 3.29 

and 4 

40 .4 .4 99.6 

Absolute Z-score greater than 4 34 .4 .4 100.0 

Total 9111 100.0 100.0 
 

Outliers of the independent factor normal purchase amount in the toner category 
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Outlier baseline sales 

 

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Absolute Z-score less than 2.58 8811 97.1 97.1 97.1 

Absolute Z-score between 2.58 

and 3.29 

105 1.2 1.2 98.2 

Absolute Z-score between 3.29 

and 4 

61 .7 .7 98.9 

Absolute Z-score greater than 4 100 1.1 1.1 100.0 

Total 9077 100.0 100.0 
 

Outliers of the independent factor baseline sales in the toner category 

Outlier previous promotion sales 

 

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Absolute Z-score less than 2.58 8728 97.2 97.2 97.2 

Absolute Z-score between 2.58 

and 3.29 

103 1.1 1.1 98.4 

Absolute Z-score between 3.29 

and 4 

58 .6 .6 99.0 

Absolute Z-score greater than 4 88 1.0 1.0 100.0 

Total 8977 100.0 100.0 
 

Outliers of the independent factor previous promotion sales in the toner category  
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Appendix P: Normality test for the factors 
The normality test for the dependent and independent factors will be defined for each dataset in this 
appendix. For each dataset is defined the normality for the dependent factor by checking the histogram 
of the dependent factor. If no normality is found in the histogram, the factor is transformed in more 
accurate normality factor. The transformed factor will be given in other histogram. Afterwards for each 
independent factor as considered in section 5.4 will be discussed in the same way as by the dependent 
factor.   

Normality test for the paper category 
This figure is excluded for confidentiality reasons.   

Figure D1. The histogram of the dependent variable 

The Kolmogorov-Smirnov and Shapiro-Wilk tests and the histogram for the dependent variable gives a 
positive and peaked distribution where no normality of the dependent variable is given. Recoding the 
dependent variable for more normality variable brings that lognormal algorithm is the best 
transformation for the dependent factor.  
 
Now the normality plots for each independent factor will be considered:  
 
These figures are excluded for confidentiality reasons.   

After considering the histograms the metric factors, only the factors; normal purchase amount, baseline 
sales, previous promotion sales, absolute non promotion price, absolute price, absolute maximum price 
discount by ordering more promotion item and absolute maximum price discount by ordering more non 
promotion item will be changed. This results in the follow transformations of the factors. Below the 
histogram of each transformed factor will be given.  
 
These figures are excluded for confidentiality reasons.   

The normality test for ink category  
On the same way as in the subsection normality test of the paper category is analyzed the normality for 
the dependent and independent factors in the ink category.  
 
These figures are excluded for confidentiality reasons.               

After considering the histograms the factors mail quantity show normality distribution. Thus, these 
factors will not transform in the analysis. The variable absolute discount depth shows a very small 
normal distribution, because more than 80 percent has no discount depth and has a value of 0. Checking 
the variable, this factor will take in account in this way, because no higher normality is found. For the 
other independent factors is checked other algorithms for a better normality of the variable. This results 
in the follow transformations of the factors.    
 
These figures are excluded for confidentiality reasons.               

Normality test of the toner category  
On the same way as in the subsection normality test of the paper category is analyzed the normality for 
the dependent and independent factors in the toner category.  
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These figures are excluded for confidentiality reasons.                

After considering the histograms the factors; promotion sales, baseline sales, default price and absolute 
price will be transformed in other algorithm for better normality of the factors. In the normality plots 
below is given the transformed form of these factors.  

These figures are excluded for confidentiality reasons.                
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Appendix Q: Overview all factors in the model 
This appendix gives an overview about all the factors (including dummy factors) which are taken in 
account of the research model by category. 

 
Overview all the factors which are taken in account of the research model per category 

 

Total factors (per category) Scale paper ink toner

Product size (only paper category) nonmetric 3

Normal purchase amount metric 1 1 1

product difference (only ink and toner 

category)

nonmetric 2 2

Product type (only paper category) nonmetric 4

Baseline sales metric 1 1 1

Pages of the book nonmetric 3 3 2

Mail quantity of the book metric 1 1 1

Response rate of book in previous year metric 1 1 1

Folder type nonmetric 3 3 3

Previous promotion sales metric 1 1 1

Promotion frequency nonmetric 3 3 3

Page in promotion book nonmetric 2 2 2

Size of advertising nonmetric 3 3 3

Height of advertising nonmetric 3 3 2

Absolute discount depth metric 1 1 1

Relative discount depth metric 1 1 1

Absolute non promotion price metric 1 1 1

Absolute promotion price metric 1 1 1

Product bulk promotion item nonmetric 4 2 2

Product bulk non promotion item nonmetric 3 1 1

Absolute maximum price discount by 

ordering more promotion items

metric 1 1 1

Absolute maximum price discount by 

ordering more non promotion items

metric 1 1 1

Relative maximum price discount by 

ordering more promotion items 

metric 1 1 1

Relative maximum price discount by 

ordering more non promotion items 

metric 1 1 1

Seasonal effect nonmetric 11 11 11

Holiday nonmetric 14 14 14

Summer holiday nonmetric 1 1 1

Total factors in the model 70 61 59

Product characteristics  

Place characteristics  

Promotion characteristics   

Price characteristics  

Other characteristics  
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Appendix R: Assumptions of the regression model of paper category   
In this appendix all the eight assumptions of the regression model for the paper category are checked. 
As mentioned in the sub section 5.2.1.  
 
1. Factor type 
All the factors are metric in the model. All the nonmetric factors in the model have changed in 
categorical factors already, in section 4.6. Thus, this assumption is met.   
 
2. Non-zero variance 
Six factors have zero variance and must be left out in further analysis, the factors product size with value 
125, page in the promotion book with value first pages, the size of advertising with value 50 -75 %, 
product bulk promotion items with values 2 and 3 and product bulk non promotion item with value 2. 
These six factors will be out of scope, because the assumption non-zero variance is not meet. These 
factors are zero-variance. When the regression model will be done without these factors with zero 
variance, the non-zero variance is met. These factors have probably zero variance, because from analysis 
of multivariate outliers the observations are taken out from the total observations which create non-
zero variance in earlier analysis. This assumption reduces the total different from 70 to 64 different 
factors in the model.   
 
3. No perfect multicollinearity 
In the regression model no perfect linear relationship between two or more of the factors are found, 
because perfect multicollinearity can result in limits the size of R value, reducing importance of 
predictors and in unstable predictor equations (Field, 2005). Therefore this assumption must be checked 
in the regression model. For checking the multicollinearity, the variance influence factor (VIF) will be 
analyzed. Myers (1990) suggests that the VIF-value of 10 or higher indicates multicollinearity or when 
the tolerance statistic is below 0,1 (1/VIF). Besides, average VIF of the regression model must not be 
significant higher than 1, otherwise too much multicollinearity is defined in the total model (Field, 2005). 
Checking analysis of the regression model is found no predictor with higher VIF value of 10, as can be 
seen in table below. The average VIF value of the regression model is 2.211 and this is not significant 
higher than 1. From these results is concluded that no perfect multicollinearity is given and the 
assumption is met.  
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Coefficients
a
 

Model 

Collinearity 
Statistics 

Tolerance VIF 

27 (Constant)     

Previous promotion sales ,277 3,608 

Baseline sales ,279 3,582 

Folder type with value Z book ,757 1,321 

Mail Quantity of the book ,562 1,778 

Seasonal effect with value January ,737 1,356 

Seasonal effect with value June ,698 1,434 

Response rate of book in previous year ,695 1,440 

Seasonal effect with value May ,418 2,394 

Seasonal effect with value September ,322 3,101 

Holiday with value Kerstavond ,577 1,734 

Product size with value 250 ,646 1,548 

Height of advertising with value A ,609 1,642 

Product size with value 2500 ,384 2,607 

Size of advertising with value <25 % ,571 1,752 

Holiday with value 2ekerstdag ,776 1,289 

Relative maximum price discount by 
ordering more promotion items  

,332 3,012 

Holiday with value Dagvanarbeid ,750 1,334 

Normal Purchase Amount ,408 2,453 

Holiday with value 2e pinksterdag ,322 3,103 

Holiday with value Dag der eenheid ,289 3,464 

Seasonal effect with value July ,769 1,300 

Product type with value green paper ,446 2,242 

Absolute maximum price discount by 
ordering more promotion items  

,297 3,362 

a. Dependent Variable: promotion sales 
Average VIF = 2.211 
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4. Homoscedasticity 
The fourth assumption of the regression analysis the dependent factor must be homoscedasticity. In the 
scatter plot below is showed that the data at the left side is not quiet consistent, however about the 
total overview in the scatter plot is concluded that the dependent factor is homoscedasticity enough, 
because no heteroscedasticity is found. The homoscedasticity assumption is approved in this regression 
model.  

 
 
5. Independent errors 
For any observation the residual terms should be independent from each other. This assumption can be 
tested by the Durbin-Watson test, which test serial relations between errors. The test statistic can vary 
from 0 until 4 where value of 2 gives no correlation of the residuals and a value lower than 2 gives a 
negative correlation where a value higher than 2 gives a positive correlation. A value lower than 1 or 
higher than 3 is critically and then the datasets must be changed for accurate regression analysis. 
However, in the dataset of the paper category the Durbin-Watson test is 2.005. Thus, a very small 
positive correlation is found, but not significant difference to improve this assumption.   
   
6. Normally distributed errors 
This assumption checks the difference between the model and the observed data are close to zero or 
have a value of zero. It is given that the residuals are random in the model, where a normal distributed 
factor with a mean of 0 and standard deviation of 1 are given. In the histogram and normality plot of the 
residuals of the dependent factor can be checked this assumption. The histogram and normality plot are 
given below. From these two figures are concluded that the residuals are normally distributed of the 
dependent factor, thus the assumption is meet.  
 
These figures are excluded for confidentiality reasons.               

7. Independence of each variable 
This assumption checks that every value of the dependent variable is independent from each other. In 
the dataset is used for all the cases separate entity and every promotion observation is not related to 
other promotion observation, thus this assumption is meet in this dataset. 
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8. Linearity 
The assumption linearity checks the difference of the dependent factor is associated with the 
independent factor in a linear relationship, for generalization of the findings of the model. For each 
independent factor is checked the linearity to the dependent factor in partial regression plot (Hair et al., 
2009). Below, for each independent factor compared to the dependent factor is given the plot. The 
linearity assumption is fulfill when the residuals random divided around the middle line in the partial 
regression plot. Below in all the plots the predictors are fulfilling to the assumption of linearity. 
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Appendix S: Assumptions of the regression model of ink and toner 

categories  
In this appendix is checking all the assumptions of the regression model for the ink and toner categories. 
As mentioned in the sub section 5.3.1. All the eight assumptions will be considered in this part, first the 
assumptions will be discussed for the ink category with 42 factors in the model, afterwards for the toner 
category are 42 factors are in account of the model.   

Assumptions of the regression by ink category 
1. Factor type 
All the factors are metric in the model, as described in chapter 4. All nonmetric factors have changed in 
categorical factors already. Thus, this assumption is met.   
 
2. Non-zero variance 
Two factors have zero variance and must be left out in further analysis, the factors size of advertising 
with value 0 – 25 % and height of advertising with value C.  These two factors will be out of scope, 
because non-zero variance is not met. A total of 40 different factors will be used in the model from this 
part.   
 
3. No perfect multicollinearity 
In the regression model no perfect linear relationship between two or more of the factors must be 
found. Checking the analysis of the regression model, see table below, nine predictors have a higher VIF 
value of 10. The average VIF value of the regression model is  7.898 and is significant higher than 1. From 
these results are concluded that perfect multicollinearity is found and the assumption must be 
approved. All the factors with a high VIF are dummy factors from the factors seasonal effect, holiday and 
folder type. For reducing the multicollinearity an analysis will be made where factors will be left out of 
further research to meet this assumption. After analysis a model is found a model with no perfect 
multicollinearity, if two factors will be left out of scope, the factors holiday with value kerstavond and 
factor folder type with value A book must be deleted from the model. The average VIF value of the 
regression model is and is not significant higher than 1, see values in the second table below. Next, this 
assumption is met and the total 38 factors will be take in account for further research.  
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Coefficients
a
 

Model 

Collinearity 
Statistics 

Tolerance VIF 

45 (Constant)     

Baseline sales ,225 4,446 

Previous promotion sales ,257 3,892 

Folder type with value Z book ,327 3,056 

Mail quantity of the book ,364 2,749 

Absolute maximum price discount 
by ordering more promotion items  

,640 1,563 

Seasonal effect with value 
October 

,077 13,054 

Product difference with value 
black 

,767 1,303 

Size of advertising with value 50 – 
75 % 

,950 1,053 

Holiday with value Allerheiligen ,183 5,462 

Seasonal effect with value July ,326 3,067 

Normal purchase amount ,625 1,600 

Holiday with value 2e kerstdag ,664 1,506 

Holiday with value dag der 
eenheid 

,219 4,560 

Holiday with value hemelvaart ,237 4,218 

Seasonal effect with value April ,063 15,978 

Seasonal effect with value March ,059 16,944 

Seasonal effect with value May ,048 20,795 

Holiday with value 2e pinksterdag ,118 8,480 

Folder type with value A book  ,354 2,828 

Holiday with value goede vrijdag ,216 4,640 

Seasonal effect with value 
January 

,110 9,121 

Holiday with value 1e kerstdag ,195 5,130 

Holiday with value nieuwjaar ,173 5,768 

Seasonal effect with value 
November 

,479 2,086 

Holiday with value kerstavond ,047 21,249 

Seasonal effect with value June ,061 16,397 

Mariahemelvaartsdag ,048 20,854 

Seasonal effect with value 
September 

,060 16,803 

Seasonal effect with value 
February 

,096 10,433 

a. Dependent Variable: promotion sales 
Average VIF = 7.898 
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Coefficients
a
 

Model 

Collinearity 
Statistics 

Tolerance VIF 

27 (Constant)     

Baseline sales ,228 4,384 

Previous promotion sales ,261 3,837 

Folder type with value Z book  ,602 1,662 

Mail quantity of the book ,569 1,757 

Absolute maximum price discount 
by ordering more promotion items 

,630 1,588 

Seasonal effect with value October ,247 4,056 

Product difference with value color ,767 1,303 

Size of advertising with value 50 – 
75 % 

,847 1,180 

Holiday with value allerheiligen ,228 4,388 

Seasonal effect with value July ,775 1,290 

Normal purchase amount  ,619 1,615 

Holiday with value 2e kerstdag ,679 1,474 

Holiday with value dag der 
eenheid 

,641 1,561 

Holiday with value hemelvaart ,239 4,187 

Seasonal effect with value April ,152 6,592 

Seasonal effect with value March ,230 4,349 

Seasonal effect with value May ,134 7,475 

Holiday with value 2e pinksterdag ,116 8,615 

Holiday with value geode vrijdag ,212 4,713 

Holiday with value 1e kerstdag ,203 4,916 

Holiday with value carnaval ,713 1,402 

Seasonal effect with value January ,728 1,374 

Folder type with value A re-mail 
book 

,729 1,372 

Seasonal effect with value 
November 

,609 1,641 

Holiday with value nieuwjaar ,212 4,708 

Height of advertising with value A ,835 1,198 

Holiday with value dag van arbeid ,780 1,282 

a. Dependent Variable: promotion sales 
Average VIF = 3,108 
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4. Homoscedasticity 
The homoscedasticity of the dependent factor must be checked before the regression analysis will be 
done. In the scatter plot below is showed that the data at the left side is not quiet consistent, however 
about the total overview in the scatter plot is concluded that the dependent factor is homoscedasticity 
enough, because no heteroscedasticity is found. This result is found even in the paper category, 
however less extremer in the paper category, but no change is needed in this dataset. The 
homoscedasticity assumption is approved in this regression model.  

 
5. Independent errors 
For any observation the residual terms should be independent from each other. This assumption can be 
tested by the Durbin-Watson test, which test serial relations between errors. In the dataset of the ink 
category the Durbin-Watson test value is 1.681. Thus, a very small negative correlation is found, but not 
significant difference to improve the Durbin-Watson test. Thus, this assumption is met.    
   
6. Normally distributed errors 
This assumption checks the difference between the model and the observed data are close to zero or 
have a value of zero. The histogram and normality plot are given below. From these two figures is 
concluded that the residuals are normally distributed of the dependent factor, thus the assumption is 
met.  
 
These figures are excluded for confidentiality reasons.                

   
7. Independence of each variable 
This assumption checks that every value of the dependent factor is independent from each other. In the 
dataset is used for all the cases separate an entity and every promotion observation is not related to 
other promotion observation, thus this assumption is met by this dataset.  
 
8. Linearity 
The assumption linearity checks the difference of the dependent variable is associated with the 
independent factor in a linear relationship, for generalization of the findings of the model. For each 
predictor compared to the dependent factor is found no difference.     
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Assumptions of the regression by toner category 
1. Factor type 
All the factors are metric in the model, as described in chapter 4. All nonmetric factors have changed in 
categorical factors already. Thus, this assumption is met.   
 
2. Non-zero variance 
One factor has zero variance and must be left out in further analysis, the factor folder type with value Z 
mail. This factor will be out of scope, because non-zero variance is not meet. The total model reduces 
from 42 to 41 factors in this category.   
 
3. No perfect multicollinearity 
In the regression model no perfect linear relationship between two or more of the factors must be 
found. Checking the analysis of the regression model, see table below, three predictors have a higher 
VIF value of 10. The average VIF value of the regression model is 4.904 and is significant higher than 1. 
From these results is concluded that perfect multicollinearity is given and the assumption must be 
approved. All the factors with a high VIF are a dummy factor from the factors seasonal effect and 
holiday. For reducing the multicollinearity an analysis will be made where factors will be left out of 
further research to meet this assumption. After analysis a model is found with no perfect 
multicollinearity, if one factor will be left out of scope. The factor is seasonal effect with value April. The 
average VIF value of 3,287 the regression model is and is not significant higher than 1, see values in the 
second table below. This assumption is met when the model will be reduced to 39 factors in further 
research.  
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Coefficients
a
 

Model 

Collinearity 
Statistics 

Tolerance VIF 

20 (Constant)     

baseline sales ,454 2,205 

Previous promotion sales ,452 2,212 

Folder type with value A book  ,504 1,985 

Mail Quantity ,413 2,418 

Absolute maximum price discount 
by ordering more promotion item  

,927 1,079 

Seasonal effect with value 
October 

,145 6,912 

Holiday with value allerheiligen ,141 7,081 

Seasonal effect with value 
September 

,549 1,822 

Seasonal effect with value July ,719 1,391 

Seasonal effect with value April ,087 11,499 

Seasonal effect with value March ,136 7,373 

Holiday with value hemelvaart ,251 3,978 

Holiday with value goede vrijdag ,143 7,017 

Height of advertising with value A ,950 1,052 

Seasonal effect with value 
November 

,524 1,908 

Holiday with value kerstavond ,242 4,126 

Holiday with value nieuwjaar ,566 1,768 

Seasonal effect with value May ,074 13,482 

Holiday with value 2e pinksterdag ,059 17,086 

Seasonal effect with value June ,591 1,693 

a. Dependent Variable: promotion sales 
Average VIF = 4,904 
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Coefficients
a
 

Model 

Collinearity 
Statistics 

Tolerance VIF 

18 (Constant)     

Baseline sales ,454 2,201 

Previous promotion sales ,453 2,206 

Folder type with value Z book  ,572 1,748 

Mail Quantity ,423 2,364 

Absolute maximum price discount 
by ordering more promotion items  

,927 1,079 

Seasonal effect with value October ,146 6,843 

Holiday with value allerheiligen ,143 6,982 

Seasonal effect with value 
September 

,636 1,572 

Seasonal effect with value July ,803 1,245 

Seasonal effect with value March ,162 6,169 

Height of advertising with value A  ,951 1,051 

Seasonal effect with value 
November 

,527 1,898 

Holiday with value kerstavond ,287 3,487 

Holiday with value nieuwjaar ,566 1,767 

Seasonal effect with value May ,337 2,970 

Holiday with value scramentsdag ,170 5,888 

Holiday with value hemelvaart ,304 3,289 

Holiday with value goede vrijdag ,156 6,404 

a. Dependent Variable: promotion sales 
Average VIF = 3,287 

 
4. Homoscedasticity 
The homoscedasticity of the dependent factor must be checked before the regression analysis will be 
done. In the scatter plot below is showed that the data at the left side is not quiet consistent, however 
about the total overview in the scatter plot is concluded that the dependent factor is homoscedasticity 
enough, because no heteroscedasticity is found. This result is found even in the paper category, 
however less extremer in the paper category, but no change is needed. The homoscedasticity 
assumption is approved in this regression model.  
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5. Independent errors 
This assumption can be tested by the Durbin-Watson test. In the dataset of the ink category the Durbin-
Watson test value is 1,732. Thus, a very small negative correlation is found, but not significant difference 
to improve the Durbin-Watson test. The assumption is approved.    
   
6. Normally distributed errors 
This assumption checks the difference between the model and the observed data are close to zero or 
have a value of zero. The histogram and normality plot are given below. From these two figures is 
concluded that the residuals are normally distributed of the dependent factor, thus the assumption is 
met.  
 
These figures are excluded for confidentiality reasons.                

 
7. Independence of each variable 
This assumption checks that every value of the dependent factor is independent from each other. In the 
dataset is used for all the cases separate entity and every promotion observation is not related to other 
promotion observation, thus this assumption is met in this dataset.  
  
8. Linearity 
The assumption linearity checks the difference of the dependent factor is associated with the 
independent variable in a linear relationship, for generalization of the findings of the model. For no 
predictor a significant difference between linearity in the independent factor and dependent factor is 
found, which all the predictors are fulfilling to the assumption of linearity.    
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Appendix T: Deviation between actual and predicted sales  
In this appendix the difference between the predicted sales and the actual sales for each category is 
analyzed. In Office Depot no promotion forecast tool has made yet, what results no comparison can 
make with the current situation and the results in this research. However, the contribution of this 
promotion forecast tool to the forecast accuracy of promotion items can be defined by giving the 
deviation between actual and predicted sales, the forecast errors. For each category is given the margin 
of forecast errors below. This information can help Office Depot to define the accuracy of the forecast 
by which margin of forecast errors is acceptable.  
 

Deviation about the paper category  
For each observation is determined the forecast error, as the deviation between the actual sales and 
predicted sales of the promotion item. This difference can be calculated in relative deviation 
(percentages) or in the absolute deviation (value). This analysis is done only for the observations in the 
validation part, to see how applicable the model will be by implementation at Office Depot. In figures 
below is given the cumulative number of observations which are given by this deviation. The figures 
show by which margin of deviation how many promotion items are forecasted right by this promotion 
forecast tool, this is given in relative deviation and absolute deviation. For example, when the absolute 
deviation maximum acceptable is 50 items, than 80 % of the total promotion items can be forecasted 
well in this model. The accuracy of the forecast model can be determined with these figures, by 
checking the chance that promotion is predicted well by the given maximum margin.  
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Deviation for the toner category  
On the same way as in the paper category the cumulative relative and absolute deviation is defined for 
the toner category, only the absolute deviation has other scale to compare the model, because the 
forecast errors are much lower in this category than the paper category.   
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Deviation for the ink category  
On the same way as in the paper and toner category the cumulative relative and absolute deviation is 
defined for the ink category, only for the absolute deviation is given other scale than in the paper 
category, because the forecast errors in this category are much lower than the paper category.     
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