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          Preface 







Welcome to the 8th edition of Quantitative Analysis for Decision Makers.


It's over 30 years since this book was first published and much has changed in the world of business and management since then. The internet was only just becoming available to businesses with the world wide web starting to develop at the same time. Apple and IBM were about to introduce their first business laptops. Microsoft was still working on its first version of Windows. Smartphones didn't exist.


One thing that hasn't changed – and if anything it’s got worse – is the pressure that managers are under at every level to make fast, effective decisions that turn out to be the right decisions made at the right time. The contribution that quantitative analysis techniques can make to such decision making is well researched. There is extensive empirical evidence that the relevant application of such techniques has resulted in significant improvements in decision making in both profit and not-for-profit organisations. Numerous professional journals regularly provide details of successful applications of such techniques to specific business problems.


This is, arguably, one of the major reasons why over that time there has been a considerable expansion of the coverage of such topics throughout business studies programmes in the higher education sector, not only in the UK but also across much of the world. Not only postgraduate courses (such as MBAs) and professional courses (in finance, banking and related fields) but most, if not all, business undergraduate courses nowadays expose the student to basic quantitative analysis techniques. It is no longer simply the statistical or mathematical specialist who is introduced to these topics but, in numerical terms far more importantly, a large number of students who go on to a career in general management.


Coupled with this development has been the revolution that has occurred in making available powerful and cost-effective computing power on the manager’s desktop, laptop or smartphone. Not only has this meant that the manager now has instant direct access to available business information but also that techniques which used to be the prerogative of the specialist can be applied directly by the manager through the use of appropriate software such as Excel. Developments such as Big Data, data analytics and the application of artificial intelligence (AI) have meant that data – and the information that can be obtained from it – have become more and more important to every organisation. 


Because of these developments it has become increasingly important for managers to develop an awareness and understanding of the more commonly used techniques and it is because of this that this textbook was originally written and has continued to be updated. The text aims to provide the reader with a detailed understanding of both the role and purpose of quantitative analysis techniques in effective management and in the process of managerial decision making. This text focuses not only on the development of appropriate skills but also on the development of an understanding as to how such techniques fit into wider management. Above all, such techniques are meant to be of direct, practical benefit to the managers and decision makers of all organisations. By the end of the text the reader should be able to use the techniques introduced, should have an awareness of common areas of business application and should have developed sufficient confidence and understanding to commission appropriate applications of more complex techniques and contribute to the evaluation of the results of such analysis.


To assist in this each chapter includes:



	
                  detailed explanation both of the techniques covered and their wider role in decision making;

              

	
                  short articles from the business media illustrating the use of techniques in a variety of real-world  business settings;

              

	
                  Quantitative Analysis in Action (QADM in Action) case studies illustrating how the techniques are actually used in practice;

              

	
                  a fully worked example, usually with real data, applying each technique in a business context and evaluating the implications of the analysis for management decision making.

              




There is also a comprehensive, fully-worked Tutor’s Manual available for lecturers who adopt the text as the main teaching text for their class. The Manual is around 300 pages long, all end-of-chapter exercises have a full, worked solution together with supporting, explanatory text and there are suggestions for other related exercises that can be given to students. Diagrams and tables forming part of the solution are available that can be incorporated into PowerPoint presentations, or copied for students. 


A number of features have been incorporated into this new edition:



	Dr Wee Meng Yeo joins as co-author. Wee Meng has considerable expertise in the areas of operations management, forecasting and inventory management. 



	In line with the expanding use of business analytics an increased focus on the analytical aspect of quantitative methods and models.



	Cases and data sets have been updated.



	The Postscript has been updated to include recent developments that impact on QADM: Big Data and business analytics; developments in multi-criteria decision analysis and data mining; agent based simulation; data visualisation; the impact of  artificial intelligence on analysis and decision making.






We hope you’ll find the new edition useful for your studies and your career. 







        

      

    


      
        
          
Lecturer Resources


For password-protected online resources tailored to
 support the use of this textbook in teaching, including:



	a downloadable Instructor's Manual, with full teaching
 notes and solutions to the exercises in the book



	data sets in Excel to accompany the exercises in the book



	a new Test Bank containing additional questions



	PowerPoint slides





please visit http://go.pearson.com/uk/he/resources







        

      

    

              
                
                  
                  
                  

                

              


          
            
      
        
          
Chapter 1 


Introduction







        

      

    

              
                
                  
                  
                  

                

              


          
            
      
        
          
Decisions, decisions and more decisions


Take a look at the logos below. What do you think these organisations have in common?
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AirBnB, Amazon, American Express, Disney+, Facebook, Google, KFC, Marriott Hotels, McDonald’s, Microsoft, Netflix, Nissan, UK Royal Air Force, Sony, Spotify, Starbucks, T-mobile, Tesla, Tesco, Toyota, Uber, UPS, Walmart, WWF, X (formerly Twitter) . . .


The obvious answer is that they’re all well-known and commercially successful brands. Less obvious is that they all collect huge amounts of data, they routinely analyse that data to help them better understand their own operations, their customers, their competitors, their strategic position and their managers understand and act on that analysis when making decisions. And all those organisations quite publicly acknowledge the role of such quantitative analysis to their success. We could easily add to the list of organisations that recognise the importance of data and information and their links to effective decision making as a key factor in establishing and maintaining a competitive edge.


And it’s not just the private sector who are capitalising on such data and quantitative analysis – healthcare providers, emergency services, police, social housing organisations, welfare agencies, border security, schools and universities, not-for-profit organisations … These organisations may not have the big budgets to spend on data collection and analysis that the private sector does but nevertheless they understand the value that such analysis adds to their decision making. 
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Our interest in writing this book isn’t really in quantitative analysis – in the quantitative techniques that we’ll be introducing. Of course, we’ll show you what they are and how they work, and what these techniques can offer to managers. But our main interest is in how these techniques are actually used by managers to help them make better decisions. After all, that’s the main role of any manager in any organisation at any level – making decisions. Such decisions may be about operational, day-to-day activities – keeping the wheels going round in the organisation. Higher up the corporate foodchain the decisions become more strategic – about the long-term future and direction of the organisation. And talk to almost any manager in any organisation anywhere in the world and you’ll hear the same story – commenting on and complaining about the ever-increasing difficulties they have in making ‘good’ management decisions. 


Decisions have to be taken more and more quickly; decisions have to be taken more and more often and in real time; and decisions have to be taken in an increasingly complex and unpredictable environment. Who’d have predicted the full global impact of the COVID-19 pandemic? And in order to make the right decisions a manager needs to have the right information available at the right time – and the managers need to know how to interpret and use that information. Some of that information will be quantitative (sales, costs, customer numbers, staff sickness and absence, etc) and some will be qualitative (based on experience, judgement and gut feel). Let’s look at some typical organisations to consider the decisions they’ll need to take and the information they’ll need to take those decisions, We’ll be using these small cases studies throughout the text.







        

      

    


      
        
          
SmartBatteryPower (SBP)


SBP is a medium-sized organisation based in India that specialises in the design and manufacture of lithium-ion batteries for electric vehicles and for commercial and industrial energy storage. With the global move to renewable electricity generation and to electric vehicles, there is an increasing need for both suitable battery systems and for storage capacity and the company is optimistic about its future. The company already supplies a number of major vehicle manufacturers including Toyota, VW and Ford and recently has started producing small-scale battery storage systems primarily for domestic use globally. The company is privately owned, has its own in-house design team; production is largely automated; sales are world-wide.







        

      

    


      
        
          
CollegeTutorsOnline (CTO)


CTO is based in Oxford, England and provides an online tutor and support service for college and university students globally. The company was founded over 10 years ago by a small group of graduates and connects individual college-level students with one-to-one tutoring through a network of highly qualified, professional, self-employed private tutors made up of university academics, professional private tutors, retired executives with a strong academic background. The company provides a dedicated online platform for video conferencing between student and tutor and has won multiple awards for its customer service. Students register with the company specifying the subject area and level where they need support and CTO matches them to suitable tutors. The company has several thousand students registered at any one time with several hundred registered and fully vetted tutors and sees major opportunities for further expansion.
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The FoodSave Partnership (FSP)


FSP is a registered charity operating from Perth in Western Australia. The organisation was set up around five years ago to help tackle two connected problems in the region. The first relates to people and families who experience food poverty and food insecurity. The second relates to commercial food wastage where supermarkets, retailers and companies in the food industry have surplus supplies that they cannot commercially use. This may be because of damaged packaging, over-supply, food that is close to its sell-by date. Through arrangement with these companies who donate their surplus supplies, FSP collects surplus food supplies and delivers it to local community groups and charities who, in turn, distribute the supplies free of charge to individuals and families. FSP relies heavily on volunteer staff but has a professional management team. The organisation faces ever-increasing demand but as a charity also faces some major challenges. 







        

      

    


      
        
          
Health on Wheels (HoW)


HoW is a partnership imitative between a number of health agencies and international aid organisations operating in parts of rural East Africa. Remote rural communities often have little routine access to primary healthcare services. HoW was set up a few years ago to visit such communities with a fully-equipped mobile clinic and support staff, mostly nurses. The mobile clinics provide healthcare information and services in such areas as birth control, pregnancy, child rearing, HIV/AIDS, nutrition and general community health. HoW currently has around 20 specialist vehicles ranging in size from large 4×4s to large trailer-based vehicles. HoW employs several hundred staff mostly nursing and health professionals. It sees a number of opportunities for further expansion of its activities but realises it has major constraints particularly in terms of resourcing. 


Managers in all these organisations will be making decisions. Operational decisions are typically routine, short-term, day-to-day decisions. Such decisions will need to be taken frequently. The production manager in SmartBatteryPower (SBP) for example will need to make decisions about the daily production schedule; about staffing rotas; about inventory supplies. CollegeTutorsOnline (CTO) will have to make decisions as to how to deal with student/tutor complaints, downtime of the online platform, billing for services, recruitment of tutors, which social media platforms to use for advertising. The FoodSave Partnership (FSP) will need to make decisions about how best to collect today’s food donations and where to deliver them, about the best vehicle routing to minimise costs and carbon footprint, about how to make best use of the volunteers helping out today. 









Progress Check 1.1


Give some examples of the operational decisions that Health on Wheels (HoW) managers are going to have to take.
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Typical operational decisions for HoW will probably include: deciding which vehicles are sent to which villages next; deciding which staff to allocate to which vehicles; what supplies to have on each vehicle; deciding which supplies to order and how many, deciding on the best routes to be used given cost and carbon footprints. 


At the other end of the spectrum there are what can be termed strategic decisions, which are more concerned with the long-term direction of the organisation, the achievement of corporate aims and long-term corporate plans. Such decisions are less frequent and often a one-off. Strategic decisions may well involve determining which goods and services to offer in the future and which to discontinue, which markets the organisation will compete in, on what basis the organisation will compete, and so on. Understandably such decisions tend to be taken by the top layer of management in an organisation and will benefit from lengthy consideration, simply because they have major consequences for the future success of the organisation. HoW, for example, will have to decide on strategic priorities given its limited budget – which communities to support (and which not), deciding which health services to provide (and which not), deciding how to convince donors to keep supporting HoW. Similarly, FSP will also have to decide how it will continue to attract support from donors, deciding which geographic areas to be active in, deciding how to maintain its volunteer base. SBP will need to decide which markets globally offer the most potential; deciding how it will maintain a competitive edge against other companies; how to keep ahead of technological developments in the industry.








Progress Check 1.2


Give examples of the strategic decisions that CollegeTutorsOnline (CTO) managers are going to have to take.








Typical strategic decisions for CTO will include: deciding which geographic markets to target as having maximum sales potential; deciding how best to integrate artificial intelligence (AI) into its online activities; deciding whether to expand into related services (face to face tutoring, providing accredited courses etc), deciding how best to compete against alternative providers. 
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Data, information and analysis


However, in order to make good decisions – operational and strategic – managers need information – the right information at the right time presented in the right way that they can understand. Let’s think about the vehicle routing decision that an FSP manager has to take – deciding which routes the available vehicles should use today to collect food donations and then to distribute to partners and trying to balance time taken, cost and distance travelled. There are multiple vehicles available of different sizes to collect food donations from donors and deliver them to local community groups and charities. You have to decide which vehicles go where and the routes they should take.








Progress Check 1.3


 As the manager responsible, what information would you want to help you make the best decision possible on FSP’s vehicle routing?








Clearly, there‘s a lot of information that would be useful:



	What vehicles have we got; what’s their capacity; what’s their running cost per km/mile; what’s their carbon footprint per km/mile?


	How many volunteer drivers have we got today and who can drive which type of vehicle?


	How much food is being donated at each of the collection points? How much is needed at each of the distribution points?


	What’s the distance and travel time between each of the collection points and distribution points?


	What’s the best route for each vehicle to take?


	What have we done previously and how well have things gone?





And that then begs the question – where does this information come from? How do we get it? This then leads us to thinking about the data that we need in order to provide that information. Data can best be thought of as individual numbers, facts, figures, images, text, QR codes etc. – for example, the number of donor organisations that FSP has; the number of vehicles, the number of volunteers; the amount of food supplied to community groups and charities; fuel costs last week etc. 


The distinction between data and information can often be blurred. However, we can think of data as the individual pieces in a jigsaw puzzle. Each piece by itself tells us very little. It’s only by moving the individual data items round and looking at them from different angles and joining them together that we begin to see the bigger picture – the information that can be obtained from the data. In a more general sense, data has to be processed – analysed – in order to extract potentially useful information from it. Looking at FSP’s fuel costs this week tells us very little – it’s simply one piece of data. Comparing FSP’s fuel costs this week with last week, last month, last year may start to tell us something – it’s starting to become information. 


Looking at fuel costs split by the type of vehicle used may do the same. Looking at the fuel costs of the different routes used may also help our thinking and decision making. In turn different sets of information may need to be analysed together in order to provide insights, knowledge and understanding to managers. CTO for example may wish to analyse the information it has on trends in student numbers together with tutor recruitment levels and with student satisfaction with the service they get across different academic subjects. Such analysis starts to get quite complex but can provide valuable management insights. And such insights/knowledge in turn will then need to be analysed in order to help managers make a final decision as to what to do. For FSP this may involve deciding on the best fleet management system for controlling fuel costs. For CTO it may involve looking at the best mix of tutor recruitment across various academic subjects given the variability in student numbers year on year.
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So where does quantitative analysis fit in?


Figure 1.1 summarises where analysis fits into the decision-making process. Data is collected and analysed and will provide some information. Pulling different sets of information together with further analysis may then provide insights, knowledge and understanding to managers. Yet more analysis will then feed into the decisions that managers then make. And at some stage in the future those decisions themselves will have to be analysed – was it the right decision to make? Did the decision deliver what we expected? This provides a feedback and learning loop both for managers and for the organisation itself which will influence future data collection and analysis at all stages.



          
          
                Figure 1.1
                Where analysis fits
              

            
          
              
                        [image: A flowchart shows the progression from Data to Decision Making, with each step connected by Analysis.] 
              

          

          

          
                          The flowchart illustrates four main steps: 1. Data, 2. Information, 3. Insights, Knowledge, and Understanding, and 4. Decision Making. Each step is connected by a curved arrow pointing from the previous step to Analysis, which then points to the next step with another curved arrow.
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Obviously the analysis done at the different stages shown in Figure 1.1 doesn’t necessarily need to be quantitative: it could be qualitative as well. Qualitative analysis generally refers to situations where some of the data we’re interested in is not easily quantifiable, sometimes referred to as soft data. SBP, for example may be market testing one of its new battery storage products aimed at domestic customers who have an electric vehicle. Some aspects of the research can be quantified: would you buy this product (Yes/No)? Other aspects of the market research may be more interested in obtaining a variety of opinions, views, ideas: what do you think of the current product design? What would make it more attractive to you? Such qualitative analysis has an important role to play in decision making. However, our focus in this text is on the quantitative aspects of analysis which have become more and more important over the last few decades. A number of recent developments in the business world have accelerated the need for managers to make better use of quantitative information and analysis in their decision making. 


The first of these relates to technological developments – IT systems, the internet, smartphones, GPS systems, webcams and sensors, machine learning, artificial intelligence (AI) – making it possible for organisations to collect vast quantities of data routinely and cheaply. Such technology makes data capture much easier and much cheaper and if the data is used in the right way helps both operational and strategic decision making. 


Related to this is the move towards Big Data in many organisations. Big Data refers to the increasingly large, varied and complex data sets that are collected by organisations in both private and public sectors thanks to the technology now available. For example, it’s been reported that the US-based retailer Walmart routinely collects data on over a million customer transactions every hour and it’s been estimated that the volume of business data collected worldwide doubles every 12 months. That sounds great for those who need the data to feed into their decision making. However, the problem is that Big Data easily generates information overload – there’s too much information being generated making it difficult for managers to process, to see what’s important from what isn’t. The CEO of one of the UK’s largest retailers – noted for the amount of customer data it collects – was asked about how useful it must be to have all this data. She replied along the lines of: ‘Imagine we’re stood next to a giant water pipe that’s pumping out hundreds of litres of water every minute. I want the one thimbleful of water that’s really important to me. But how do I get it?’







        

      

    


      
        
          
QADM IN ACTION


Big planes, big problem and Big Data



          
          
              
                        [image: A photograph shows an airplane in flight, captured from below against a vibrant sky during sunset.] 
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The world’s aviation industry is seen as a significant contributor to greenhouse gas emissions, primarily carbon dioxide (CO2), which is a major driver of climate change with the total impact estimated at around 3.5% and predicted to increase. A research team in Norway have used Big Data to assess the climate impact of global air travel. The team calculated greenhouse gas emissions from aviation for almost 200 countries, shedding light on previously unreported data. The research is seen as crucial for future environmental policy and planning.


Based on: Jan Klenner, Helene Muri and Anders H Strømman, (16 April 2024), Domestic and international aviation emission inventories for the UNFCCC parties, IOP Publishing. https://iopscience.iop.org/article/10.1088/1748-9326/ad3a7d/pdf
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The field of business analysis and analytics has developed partly to exploit Big Data. Business analytics focuses on developing insights and understanding of organisational performance based on data and on the quantitative analysis that can be applied to that data and makes extensive use of analysis at a number of levels (Figure 1.2).



          
          
                Figure 1.2
                The different types of analysis
              

            
          
              
                        [image: A graph shows the progression of analytics types along increasing levels of business complexity and decision-making value.] 
              

          

          

          
                          The horizontal axis is labelled Level of Business Complexity and ranges from Low to High. The vertical axis is labelled Value Added to Our Decision Making and also ranges from Low to High. The graph shows four types of analytics represented as labelled ovals, connected by upward-curving arrows. The ovals are arranged from the bottom left to the top right within the graph. From lower left to the upper right the ovals are labelled 'Descriptive analysis. What happened?,' 'Diagnostic Analysis. Why did it happen?,' 'Predictive Analysis. What do we think will happen?,' and 'Prescriptive Analysis. What do we do?'
      
    
          

        

Descriptive analysis is focussed on trying to answer the question: what happened? Just about every organisation already uses descriptive analysis in its routine performance reporting. We use a variety of quantitative techniques – such as tables, visual diagrams, basic summary statistics – quite literally to describe some aspect of organisational performance. Organisations often use a routine management report or performance dashboard with such descriptive analysis to present and summarise performanc. CTO, for example, routinely monitors reviews made by students on Trustpilot (see Figure 1.3). Clearly, such data is historic by the time it’s analysed and reported – it’s in the past and we can’t do anything about it. However, sensible use of descriptive analysis can alert managers that some aspects of performance may need investigating further – a bit like a warning light on a car dashboard. Increasingly such descriptive analysis is done through automated reporting and AI with a focus on visual analysis (we look at this in Chapter 3) and basic statistics (Chapter 4). We look at AI at the end of this book in the Postscript. 



          
          
                Figure 1.3
                CTO quarterly Trustpilot scores
              

            
          
              
                        [image: A vertical bar graph shows the percentage of monthly Trustpilot reviews.] 
              

          

          

          
                          The vertical bar graph is titled 'Percent of monthly Trustpilot reviews that were 5 stars (verified students only).' The markings on the horizontal axis from left to right are July 24, August 24, September 24, October 24, November 24, and December 24. The vertical axis has markings ranging from 88 to 102 in increments of 2 units. The data for 6 bars are as follows:
 July 24: 100
 August 24: 100
 September 24: 95
 October 24: 90
 November 24: 92
 December 24: 92. All numerical values are approximated.
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Progress Check 1.4


Give some examples of descriptive analytics that HoW may be looking at.







For HoW these may include: the number of people treated in the mobile clinics; travel costs; drug costs; customer satisfaction with services provided. Again, they will all be historic – they relate to past performance. At some stage, however, we’ll want to move on from simply describing what happened to diagnostic analysis which focuses on the question: why did this happen? For CTO for example, why has our Trustpilot score going down? What we’re trying to do here is to dig down into the descriptive analysis and understand why some aspect of performance has changed in the way it has. Has this happened across all subject areas or just one or two? Are poorer scores coming from just one or two students? Or from one particular part of the world? Are the scores genuine? Typical diagnostic analysis might involve further targeted descriptive analysis (Chapters 3 and 4), data mining techniques, market research (Chapter 7), correlation analysis (Chapter 10), trend analysis (Chapter 9).







Progress Check 1.5


SBP have noticed that the average production cost for one of their batteries has been creeping upwards this year. What sort of analysis would you recommend?








Clearly, we’d want to drill down into more descriptive and diagnostic detail. Have supply costs increased? Have energy costs gone up. What about wages and salaries? Staff productivity? What’s happened to costs of other types of battery that we produce? With a better understanding of why some aspect of or performance has changed, we may then want to move on to predictive analysis – predicting future performance through the use of appropriate quantitative analysis. These analytical techniques are typically concerned with forecasting some aspect of the future. For CTO, for example, we may wish to forecast the likely number of students signing up for support, the fees that tutors will expect etc. SBP may want to predict future demand for its products or to predict future supply costs. Such predictions may be relatively short term – for the next academic year for example – or they may be longer term – for the next 5–10 years say. Analytical techniques that are relevant here might involve trend and time series analysis (Chapter 9), regression analysis (Chatper 10), decision analysis (Chapter 6) and probability modelling (Chapter 5).
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Progress Check 1.6


Give some examples where HoW may want to try and predict.








For HoW some prediction of likely numbers of people accessing the services would be important for planning and decision making. Depending on the data available, HoW may also want to predict which segments of the population are most at risk from certain illnesses or diseases so they can be better targeted. Common areas of predictive analysis include fraud identification, customer acquisition, predictive maintenance scheduling, inventory management, cash flow forecasting, risk reduction, identifying supply chain bottlenecks … the list gets bigger all the time. 


And finally, we come to the area of prescriptive analysis – deciding what we need to do to make the future happen. Prescriptive analysis is concerned with identifying an optimal or preferred course of action – what’s the best way forward? Techniques such as optimisation modelling (Chapter 11), decision analysis (Chapter 6), investment appraisal techniques (Chapter 15), project management (Chapter 13) and inventory control (Chapter 12) all come into play here supported by robust financial analysis. Let’s consider CTO. It uses a variety of social media platforms for marketing, publicity and to attract new students. Prescriptive analysis will allow CTO to identify the best mix of platforms to use – based on a mixture of cost, impact, number of new students attracted and so on.








Progress Check 1.7


Give an example where HoW may want to use prescriptive analysis.








One area with potential – given that HoW can’t do everything it would like – would relate to the ‘best’ mix of services to be offered – how much effort and resources and staff to put into birth control, into pregnancy advice, into nutrition advice and so on. Figure 1.2 also illustrates that the value added to decision making increases as we move from descriptive analysis through to prescriptive. However so does the level of complexity – the situations we face and the decisions we need to take become more and more complex.
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QADM IN ACTION


Pandas and predictive analytics at WWF



The charity World Wide Fund for Nature – WWF – is the world's largest conservation organisation, with over five million supporters worldwide, working in more than 100 countries and supporting around 3 000 conservation and environmental projects. To date WWF has have invested over US $1 billion in more than 12 000 conservation initiatives.


WWF is heavily dependent on donations with around two-thirds of its funding coming from individual donors. And that’s where it faces a dilemma. It relies on repeat donations from many of its individual donors. But ask them to donate too often and you risk alienating them. Don’t ask them often enough and you won’t have the income you need for your conservation projects. So WWF turned to predictive analytics to develop donor lifetime models to help management understand what types of donors it has, what communication channels donors are likely to use and how long they are likely to remain donors. The models were created to predict a donor’s conservation interests, future contacts and donations, allowing WWF to determine better when and how to reach out to a particular individual. The model predicts what type of donor is likely to respond to what type of contact enabling WWF to personalise and target its contact with donors. 


As an example, WWF now knows that some donors like to be contacted monthly with updates on certain conservation projects, while others like to be mailed quarterly or during a specific month of the year. Through more targeted mailings, WWF improved revenue for multiple campaigns by 25 percent. That increase in net income, also came with big improvements on the cost side, as they sent out 500 000 fewer pieces of mail. And of course that also meant a reduction in WWF’s own carbon footprint and fewer trees being cut down!


As Mac Mirabile Senior Director of Analytics at WWF comments:


‘(This) has really allowed every decision made at WWF to be driven by data. Without analytics, we would have never grown to our needed scale, grown our membership program and be one of the most recognized brands… I’m really proud of how … data and analytics … benefits WWF’s mission to help protect the planet.’



Adapted from: Improved donor funding helps protect wildlife | SAS; AI optimises campaign performance at WWF and drives ROI | SAS; Justin Theng, AI optimises campaign performance at WWF and drives ROI, SAS Institute Inc. https://www.sas.com/en_au/insights/articles/marketing/ai-optimises-campaign-performance-wwf.html; Improved donor funding helps protect wildlife, SAS Institute Inc. https://www.sas.com/en_us/customers/world-wildlife-fund.html








        

      

    

              
                
                  
                  
                  

                

              


          
            
      
        
          
So who uses quantitative analysis?


We could write a whole book just on this! Here are some examples from the real world.



	An electricity company in the USA undertook quantitative analysis to help improve forecasts of demand. The result was a reduction of some US$140 million in costs over a seven-year period.


	The UK Royal Air Force developed a simulation model to quantify the number of battle damage repair teams likely to be required to maintain aircraft capabilities in the event of hostilities.


	In Canada the quantitative technique of linear programming was applied to the use of ambulances in healthcare and to the related shift systems. This generated annual savings of around CN$250 000.


	A farming cooperative in Holland implemented an interactive optimisation system to help plan bulk deliveries of its sugar beet crop with a resulting reduction of 7 per cent in its operating costs.


	A New Zealand utility company applied quantitative techniques to its car-pooling procedures with the result that the number of vehicles required was reduced by 35 per cent, which generated annual savings of NZ$55 000 and reduced its carbon footprint.


	Quantitative techniques were applied to the problem of transporting mentally handicapped adults to a training centre in the UK. As a result travel time could be reduced by almost 16 per cent and distance travelled by 12 per cent.


	A quantitative model was developed to assist in the planning of transportation of blood from a regional centre to hospitals. The model generated a reduction of over 12 per cent in the number of units of blood which had reached their expiry date before use compared with the manual planning system.


	American Airlines has developed a number of quantitative models in relation to its airline seat reservation systems. The models are estimated to contribute around US$500 million per year to the company’s revenue.


	Hewlett-Packard used quantitative techniques to forecast capacity and to determine locations of stocks and supplies in the context of one of its computer printers. As a result, productivity increased by 50 per cent and incremental revenues of US$280 million in sales were generated.


	Forecasting models are estimated to have saved the mail order company L.L. Bean US$300 000 each year through improved prediction of incoming calls and staffing requirements in its call centres.


	Delta Airlines uses mathematical programming models to help in its assignment of airplanes in its fleet to flight routes. The approach saved the company around US$300 million over a three-year period.


	Kentucky Fried Chicken (KFC) reduced waiting times for customers by half and improved productivity, sales and profit through the application of quality management techniques.


	DEC (Digital) saved an estimated US$100 million by applying linear programming to its global manufacturing and distribution strategy.


	Taco Bell, a chain of popular restaurants, used forecasting to help it predict arrivals of customers through the day and developed a simulation model for planning its personnel requirements. The company saved an estimated US$53 million in labour costs in one year alone.


	UPS, the delivery and logistics company, sees business analysis as critical to its operation performance. Finding the best routes for its delivery drivers to take cut total mileage by over 85 million miles a year, reducing fuel consumption (and costs) and the company’s carbon footprint.





That made you sit up and take notice, didn’t it?
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What’s quantitative analysis got to do with managers and with me?


It’s no great surprise that more and more organisations are becoming data-driven – organisations that systematically collect and analyse data and then use that data to provide insights to help its decision-making. Data-driven organisations rely upon data-driven processes, data analysis tools, and a data-driven management culture rather than simply relying on gut-feel and subjective reaction. Increasingly, organisations are looking for managers who can exploit such data using quantitative analysis and will want managers to be able to make use of the quantitative analytical information generated. 








A survey of top executives by PwC (a multinational consulting and accountancy company) found that data-driven organisations are three times more likely to report significant improvements in their decision-making


PwC's Global Data and Analytics Survey ‘Big Decisions’
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The good news is that those managers with the necessary quantitative understanding and skills will be in a prime position. We hope by now you appreciate that quantitative analysis isn’t something you can avoid if you’re a manager. It’s there to be used to help in your decision making at almost any level and you need to be aware of what’s possible and also be confident enough to assess the value of such analysis. When faced with a report that contains a lot of quantitative analysis, it’s sometimes tempting for managers to take this simply at face value as they may lack the confidence or knowledge to so otherwise. However, even if you have the relevant knowledge there are a number of reasons why using quantitative analysis to help decision making is not quite as simple and straightforward as the Figures 1.1 and 1.2 suggest. 


First, the information we get from such analysis – and the data behind it – won’t be perfect. If we had perfect information we’d know for certain what the right decisions were every time and a manager’s job would be simple and easy. Inevitably, there will be gaps in the data that we have available and the information we can obtain from that data. The data may be out of date; it may not have been collected accurately and reliably; we may not have bothered collecting it before … the list goes on. Let’s think about SBP. The Marketing section are considering a campaign across Europe aimed at the domestic markets and households who have solar panels on their properties and those who run electric vehicles. It will have data on sales – the number sold of different models, the price charged, profit margins and so on. But it probably won’t have any routine data on why a particular customer bought from SBP rather than a competitor. This will limit the analysis that can be undertaken and may mean SBP can’t tailor its marketing sufficiently. Obviously such gaps in data availability can be filled over time (at a cost) once we recognise that extra data is needed. But that may not help us when we have to take a decision now based on the data that we have. And you’re the one stuck with making that decision.


Second, you need to understand what analysis is possible and what the analysis is telling you – and what it isn’t. Like us, you can probably drive a car but you’re not a car mechanic. You can use the internet and web technology but you’re not a software/hardware designer. You can use a spreadsheet but you’re not a programmer. You need to be in the same position when it comes to quantitative analysis – you’re not going to be the technical expert but you need to know what’s possible and how to get the best out of the analysis that’s been undertaken even if you’re not actually doing the analysis yourself.


And third, don’t let the analysts make the decisions. That’s your job as manager not theirs. Their job is to provide appropriate analysis – as they see it. But the analysts won’t have a complete management perspective on the decision that has to be taken – their focus quite rightly is on the data and the analysis not on the bigger picture. 


Let’s consider the following scenario. FSP’s analytical team have tabled a report recommending that FSP should replace its current vehicle fleet with electric vehicles. Over the next few years – with likely increases in fossil fuel prices amongst other things – this will reduce FSP’s running costs and improve efficiency as well as enabling FSP to reduce its carbon footprint. The analysis looks robust and reliable covering forecasts of future fuel prices, likely demand for FSP activities, forecast of the number of vehicles required, financial analysis of the costs and benefits. However, the analysts don’t know what you do. The first issue is that the volunteer drivers are already starting to complain that they’re overworked and under more and more pressure as FSP expands. This may not be a good time to bring in new vehicles as the volunteer drivers will need extra training and awareness sessions on top of their normal workload and that may lead to some of them quitting. There’s also the possible reaction of the FSP’s partners – community groups and charities who are facing ever-increasing demand from families experiencing food poverty and insecurity. They may well respond – why are you spending money on new vehicles when what we really need are increased food supplies? And the donor organisations may react by saying – well if you’ve got the money to buy these new vehicles you don’t really need our donations. Any analysis has to be put into the wider organisational context by the managers who ultimately will be making decisions as to what to do.
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Let’s look at the following to illustrate these issues. CTO have commissioned some analysis to help them decide which future geographical markets look most profitable for the business. The analytical company doing the analysis has looked at website traffic, demographics, income levels, government educational policies and the like. They’re presenting their results. ‘We looked at China as one of the more likely market growth areas for CTO. Our market research indicates an NPV in constant price terms of around 4.6% per annum with a 95% confidence interval of +/- 0.5%. However, our regression analysis of the India market shows projected uptake growth of around 3% a year with an R-squared of 0.89’. Your CEO is chairing the meeting and turns to you and says ‘you did a course in this stuff didn’t you? What do you reckon we should do?’


And you say…?



	 Well, I didn’t get to that class much as we were really busy at work just then.


	I think we need to see the detailed analysis behind both options to see how robust the analysis actually is and the key assumptions that have been made. I’d be happy to look at this and report back.





Answer (1) is probably what you’re thinking at the minute but work your way through the techniques in this book and you’ll be on your way to answering with (2). 







        

      

    

              
                
                  
                  
                  

                

              


          
            
      
        
          
Models in quantitative decision making


Throughout the text we shall be introducing what are known as models to help develop various quantitative techniques in a business context. Models come in a variety of forms in business: they are not just quantitative. A scale model might be constructed of a new office development; a financial model may be developed to assess the impact of budget changes on goods/service delivery; the marketing department may develop a model in terms of assessing customer response to product changes. However, any model, no matter what its form or purpose, has one distinctive feature: it is an attempt to represent a real situation in a simplified form. 


Any model tries to represent the complex real-world situation in a more simplistic and potentially more easily understood form. This is achieved by developing the model so that it focuses on the key aspects of the situation and ignores the rest. By definition, every model is limited in the insights that it provides. It’s your job to understand the model outputs and the model limitations when making decisions. In this text we shall be developing a variety of statistical and mathematical models for use in business decision making. We shall be using such mathematics and statistics to help us make sense of a complex real-world problem, and we shall be utilising quantitative techniques to help us focus on what we believe to be the key aspects of the problem. Just as an architect uses a scale model of a new construction or an engineer of some machine, so a manager needs to be able to develop and use quantitative models to help in the decision-making process.
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QADM IN ACTION


Marks & Spencer (M&S): Marketing the M&S &More credit card



          
          
              
                        [image: A photograph shows a hand holding a credit card.] 
              

          

          Piotr Adamowicz/Shutterstock



          
                          The credit card features a chip on the left side and the card number '1234 5678 9123 4' at the bottom. The bottom left of the card displays the text 'Cardholder Name', while the bottom right reads '05 slash 19'.
      
    
          

        

Marks & Spencer is a major British multinational retailer with headquarters in London and has a long history of selling clothing, beauty products, home products and food products. At the time of writing the company had an annual revenue of over £10 billion and around 70 000 employees and the company was keen to extend the marketing of its own &More credit card to its existing customers using direct mail. However, it realised that the use of non-targeted direct mail brought potential problems. First, the costs involved in non-targeted direct mailing can be relatively high and response rates relatively low meaning this approach may not be cost-effective. Secondly, if existing customers feel the mailshot is of no relevance or interest to them it can affect customer satisfaction with the company as they see such mailshots as junk mail and a waste of the company’s time and money.


The decision problem was then somehow to decide which existing customers should be targeted as they were most likely to take up the offer of the new credit card whilst at the same time getting enough customers to take up the offer to make the marketing campaign successful. The team involved decided to develop a predictive model to help with the decision. In the case of M&S such a model would allow it to forecast customer behaviour by analysing the data the company already had on its customer databases. The model could then be used to produce a customer behaviour score which showed the likelihood of a customer taking up the card offer. Customers could then be ranked by their score and the ‘best’ customers selected for the mailshot first. Data was collected including customer demographics, customer spending and purchasing behaviour, ownership of other financial products. A number of quantitative techniques were then used to build the predictive model including descriptive statistics (Chapter 4), χ2 tests (Chapter 7) and regression modelling (Chapter 10) resulting in all customers in the company’s databases being given a score showing the probability that they would respond positively to the direct mailing. The predictive model developed and used by the team proved effective. The required target take-up of the credit card was achieved but at the same time there was a reduction in mailing volume leading to a lower campaign cost whilst maintaining positive customer relationships.


Adapted from: Omar Mohamed, You've Got Direct Mail, Significance, Volume 1, Issue 2, June 2004, Pages 78–80, https://doi.org/10.1111/j.1740-9713.2004.029.x
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Using the text


As we’ve said, the text is aimed at those students who have a clear interest in management and business decision making but who also appreciate the potential that quantitative analysis brings to the management process (or at least find themselves required to complete a course in this area!). Deliberately we have kept the focus throughout the text on developing a conceptual, rather than a mathematical, understanding of the principles of each topic and on the potential application of the techniques to typical business problems.


Each chapter in the text follows a similar general format. First, we provide an introduction to the focus of that chapter. Then we introduce the relevant topics and place them in a typical business context. An example problem is then introduced and thoroughly investigated and discussed in terms of both determining a solution to the problem and the wider business applications of the technique. 


Within each chapter you will also find a number of Progress Check activities. These are tasks for you to complete at that point in your reading of that chapter. Although you may be tempted to ‘skip over’ a Progress Check activity we would strongly encourage you not to do so. The activities are an integral part of the learning process and will typically lead you into the next part of that chapter. Solutions to these activities appear either in the next part of the chapter or in Appendix F. Most chapters then conclude with a fully worked example showing how to approach a particular problem or question using the techniques introduced so far. Finally, throughout the chapters we present details of actual business applications, illustrating how the techniques introduced in that chapter are used in the real world to help business decision making. 







        

      

    

              
                
                  
                  
                  

                

              


          
            
      
        
          
Summary


It will by now be evident that the topics and techniques that we introduce in this text are not merely of academic interest. They are all techniques that are actively – and successfully – used by a variety of business organisations and, perhaps more importantly, they are being used by the managers of these organisations as well as the ‘experts’. Developing your own awareness and understanding of these techniques as well as skills in their use will be a worthwhile investment, not only as part of your current studies but also in terms of your management career.


Let’s make a start.
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QADM in Action  BT 


BT Group plc (trading as BT and formerly known as British Telecom) is a British multinational telecomms company headquartered in London. It has operations in around 180 countries and is the largest provider of fixed-line, broadband and mobile services in the UK, and also provides subscription television and IT services. It is also an organisation that was one of the first to be converted from a state organisation controlled by the UK government to a private sector company. Along with other privatised organisations this has led to a fundamental change in attitudes and approaches to customers where customer care, responsiveness to customer requirements and high-quality customer service are seen as critical items on the organisation’s strategic agenda.


At the time this application was being conducted, BT was looking at ways of improving the initial interface with customers, the so-called Front Office. This was seen as a single point of contact for the customer, so any customer contacting the company’s call centre to make enquiries, to seek assistance or just to obtain service information would be dealt with by the Front Office. The intention was that the customer experience of being transferred from one person in the organisation to another (something that most of us will have experienced at some time with some organisation) could be minimised and, potentially, removed. A specialist team within the company was given the task of looking at ways of delivering this service.


The first step involved basic data collection and descriptive analysis. In this context, the team first needed to assess the typical pattern of phone calls received during the day and during the week, shown in Figures 1.4 and 1.5, in order to assess likely demand on the Front Office. Using simple presentation techniques, there are clear resource implications to the patterns shown. From Figure 1.4 we note that the maximum number of calls is around 300 in any one 30-minute period – an indication of current maximum demand on the Front Office. Similarly, we see from Figure 1.5 that Monday is the peak day with around 5000 calls having to be dealt with in total. It is evident, though, that the number of calls not only fluctuates during each day, it varies considerably across days of the week. 



          
          
                Figures 1.4
                Calls by the half-hour throughout the day
              

            
          
              
                        [image: A vertical bar graph shows the number of calls in half-hour interval throughout the day. ] 
              

          

          

          
                          The horizontal axis is labelled 'Half-hour interval' and has markings from 8 to 8:30, 8:30 to 9, 9 to 9:30, 9:30 to 10, 10 to 10:30, 10:30 to 11, 11 to 11:30, 11:30 to 12, 12 to 12:30, 12:30 to 1, 1 to 1:30, 1:30 to 2, 2 to 2:30, 2:30 to 3, 3 to 3:30, 3:30 to 4, 4 to 4:30, 4:30 to 5, and 5 to 5:30. The vertical axis is labelled 'Number of calls' and has markings ranging from 0 to 350 in increments of 50 units. The data from 19 bars are as follows:
 8 to 8:30: 21
 8:30 to 9: 52
 9 to 9:30: 200
 9:30 to 10: 231
 10 to 10:30: 270
 10:30 to 11: 300
 11 to 11:30: 300
 11:30 to 12: 250
 12 to 12:30: 200
 12:30 to 1: 192
 1 to 1:30: 192
 1:30 to 2: 203
 2 to 2:30: 250
 2:30 to 3: 260
 3 to 3:30: 250
 3:30 to 4: 233
 4 to 4:30: 233
 4:30 to 5: 100
 5 to 5:30: 60
 All numerical values are approximated.
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                Figures 1.5
                Number of calls by day of the week
              

            
          
              
                        [image: A vertical bar graph shows the number of calls for each day of the week.] 
              

          

          

          
                          The horizontal axis is labelled 'Day of the week' and has markings from left to right, including Monday, Tuesday, Wednesday, Thursday, Friday, Saturday, and Sunday. The vertical axis is labelled 'Number of calls' and has markings ranging from 0 to 6000 in increments of 1000 units. The data for 7 bars are as follows:
 Monday: 5000
 Tuesday: 4000
 Wednesday: 3800
 Thursday: 4200
 Friday: 4600
 Saturday: 1000
 Sunday: 100
 All numerical values are approximated.
      
    
          

        

The obvious implication of this fluctuation is in terms of staffing – having people available to respond to the calls. The manager’s dilemma is evident. On the one hand the company is keen to have prompt responses to customer calls so that customers will not be kept waiting for the phone call to be answered. From Figure 1.4 this implies a maximum capacity of about 300 calls in a 30-minute period and having enough staff available to deal with this capacity. On the other hand, the company will also want to minimise staff costs associated with this part of its activities, and it is evident that for most of the time this capacity will not be needed, as the number of calls will be less than 300. 


If the manager provides enough dedicated staff to deal with the maximum capacity, they will not all be needed at other times of the day and will represent an unnecessary cost, unless the situation can somehow be managed in terms of rotas and shift patterns or ensuring these staff are multi-skilled so that they can undertake other productive work during a quiet period. As if this were not enough of a problem, such call patterns are not likely to remain static: they will change over time as the size of the business changes. As BT’s customer base grows the demand on the Front Office is also likely to increase.


Accordingly, the team used a number of forecasting techniques to develop a model to predict future call levels and also carried out some ‘what if’ analysis around these forecasts, recognising that any particular forecast cannot be 100 per cent guaranteed. In conjunction with this work, the team developed a computer simulation model to simulate staff workloads in a typical Front Office and to assess the impact on staffing levels and performance of different call levels occurring. The call level forecasts, the ‘what if’ analysis and the staffing simulation could then be put together to help assess the staff required to deal with particular call levels, as shown in Figure 1.6. The team made great efforts to ensure the results of their analysis would be available in a readily accessible form to the managers taking the actual decisions. Managers in any organisation are, understandably, reluctant to act on information that they do not properly understand, and the team developed a user-friendly computer program based around this analysis to help managers take decisions about staffing the Front Offices for which they were responsible. As the team concluded: ‘[this] offers managers, for the first time, the ability to understand the full implications and potential consequences of staffing decisions’.



          
          
                Figures 1.6
                Maximum number of calls handled reduces as the forecast error increases
              

            
          
              
                        [image: A graph shows the maximum number of calls handled during a period by different numbers of staff, with seven lines representing various forecast error percentages.] 
              

          

          

          
                          The horizontal axis is labelled 'Number of staff' and has markings ranging from 0 to 25 in increments of 5 units. The vertical axis is labelled 'Calls handled in a period' and has markings ranging from 0 to 250 in increments of 50 units. The graph features a legend showing the seven errors. 5 percent error is represented as a solid black line with squares, 10 percent error is represented as a dashed black line with triangles, 15 percent error is represented as a dotted black line with circles, 20 percent error is represented as a dashed black line with asterisks, 25 percent error is represented as a dashed blue line with squares, 30 percent error is represented as a dashed blue line with triangles, and 35 percent error is represented as a solid blue line with circles. A line for 5 percent error begins from (2, 10) and moves to the upper right passing through the coordinates (6, 50), (12, 123), and (19.8, 227). A line for 10 percent error begins from (2, 10) and moves to the upper right passing through the coordinates (6, 49), 12, 121), and (20, 200). A line for 15 percent error begins from (2, 10) and moves to the upper right passing through the coordinates (8, 67), (14, 140), and (20, 209). A line for 20 percent error begins from (2, 10) and moves to the upper right passing through the coordinates (9.6, 83), (16, 157), and (20, 200). A line for 25 percent error begins from (2, 10) and moves to the upper right passing through the coordinates (12, 108), (16, 150), and (20, 191). A line for 30 percent error begins from (2, 10) and moves to the upper right passing through the coordinates (12, 102), (16, 142), and (20, 182). A line for 35 percent error begins from (2, 10) and moves to the upper right passing through the coordinates (8, 56), (14, 116), and (20, 170).
 All numerical values are approximated.
      
    
          

        

Adapted from Richardson, C. (1991) Staffing the front office, Operational Research Insight, 4 (2), pp. 19–22.
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Chapter 2 


Tools of the Trade








Learning objectives


By the end of this chapter you should be able to:



	
• work with fractions, percentages and proportions


	
• explain the principles of rounding and significant figures


	
• use common mathematical notation


	
• use mathematical symbols and equations


	
• construct and use graphs


	
• explain what is meant by the term ‘real’ value











As we said in Chapter 1, the main focus throughout the text is on the practical uses of quantitative analysis in business and management decision making. However, before we can start introducing the more common techniques used by managers, we have to make sure that we have the basic quantitative knowledge and skills we will need. So, in this chapter, we shall be covering the concepts and skills forming the ‘tools of the trade’ that we need to be able to use throughout the text. Many of you will remember from school some, if not all, of the material we are covering in this chapter. However, don’t just skip over it because it looks familiar. Try one of the associated Reality Check activities just to make sure you do know how to do what that section is covering. Also, if later on in the text some of the calculations we’re doing are causing you difficulty, come back to this chapter and re-read the relevant section. We’ll be using the organisations we introduced in Chapter 1 to help explain some of these topics.



	CollegeTutorsOnline (CTO) – the online tutoring company based in England


	The FoodSave Partnership (FSP) – a charity helping minimise food wastage and food poverty based in Australia


	Health on Wheels (HoW) – the health care partnership in East Africa providing primary health care services to rural communities


	SmartBatteryPower (SBP) – the battery company based in India
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Some basic terminology


Like any other academic subject, quantitative analysis has its own jargon. The following sections introduce some of the basic terminology that we shall be using.







        

      

    


      
        
          
Variables


The term variable refers quite literally to something we’re interested in that varies or changes. So, for example, the variable might relate to company profits, the number of employees, salaries, customer attitudes and so on. For CTO the variable could be the number of students enrolled or the income earned. For HoW the variable could be the number of kilometers travelled that week or the number of patients treated.  In general, a variable may fall into one of three types.


Discrete


A discrete variable is one which can only take certain fixed numerical values. The number of batteries sold globally by SBP in 2025 can only be a whole number. The amount of money in FSP’s bank account will be a certain number of dollars and cents. Typically the value of a discrete variable is determined by counting.


Continuous


A continuous variable is one which – in principle at least – can take any numerical value and typically comes from measuring rather than counting. The distance traveled last week by one of HoW’s vehicles can be measured to any required degree of accuracy – kilometres, metres, centimetres, millimetres, hundredths of a millimetre and so on. In practice we’d normally want to measure a continuous variable to a specified level of accuracy – big this example say to the nearest km. 


Attribute or categorical


An attribute variable is one which is not normally expressed in numerical terms. The highest level of education of a student registering with CTO will fall into a number of discrete categories  – e.g. high school, undergraduate, postgraduate etc. For purposes of analysis, however, we may assign an arbitrary numerical value to such a variable. Many of you will have seen and completed personal questionnaires where you are asked to indicate your age group. You may recollect that there is often a numerical value printed alongside the possible responses – for example, Under 18=1, 18-30=2, – which will allow the computer system being used to readily quantify the number of responses in each category.








Progress Check 2.1


For SBP, consider the following and determine what type of variable each best represents:



	(a) the number of passenger car batteries produced last year


	(b) the average price of that type of battery


	(c) the number of people directly employed


	(d) the number of kilos of lithium used in battery production


	(e) the different types of battery produced





Solution is given in Appendix F.
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Primary and secondary data


It’s always important in business analysis to assess the source of the data which is being analysed and upon which decisions might be based. We distinguish between primary data and secondary data. Primary data is data which has been collected at first hand for the purposes of some specific analysis. Secondary data, on the other hand, relates to data which has been collected for some purpose other than the analysis currently being undertaken. It’s second-hand data. 


Consider the Finance Department of a local authority with the responsibility for collecting a local tax from residents in its area. It may well construct a database of those residents who have not paid the tax this year. Clearly for the department this will be primary data: collected by the department for its own use. This database, however, may then be used by the Economic Development Unit in the local authority, which is investigating income and poverty levels in the area and evaluating strategic options to try to alleviate these. Although the Finance database may well be useful for their purposes, it is now a secondary source of data. In principle we would need to be more cautious about analysing and using such information from secondary data. Since we would not have been involved in the initial data collection, we may be uncertain about the precise logistics used to obtain this data. Its quality, therefore, on a secondary basis, must be suspect – guilty until proven innocent. 


It’s worth noting that much of the business data you’re likely to encounter in your day job will be secondary and it’s worth getting into the habit of asking a few questions about such secondary data – and any analysis based on it – before reaching any conclusions and certainly before making any decisions. This is ever more important when more and more data is available via the internet. Think about asking the following questions when evaluating any secondary data.


Who collected it?


Your assessment of the reliability of data can be affected by knowing who collected it – their background, qualifications, credibility etc. Data from a government agency is likely to be more reliable than data found on a personal website for example and may be more reliable than that published by a company’s marketing department.


What was the purpose in collecting the data?


Why was this data collected – what was the intended purpose? There may be a biased reason for posting the data. Commercial businesses, political groups, lobby groups, and marketing departments report data that might represent their own interests but may not be 100 per cent accurate or reliable. Knowing the purpose of data collection will help you evaluate the quality of the data and assess the potential level of bias (or spin!).
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When was the data collected?


Timeliness is one of the most important aspects of accuracy, reliability and usefulness. If you’re researching the hottest food trends for your start-up restaurant, then analysis from a few years ago probably won’t help – and may even lead you to make inappropriate decisions.


How was the data collected?


Is it clear how the data was collected and how reliable and representative it is? This won’t always be directly available but you should be able to find out if the data is from a reputable source. Asking a cross-section of the general population whether they use Facebook or X (Twitter)  may not be the best approach given that some age/demographics groups (e.g. younger/older people) are more/less likely to be users. Does the data relate to what you’re interested in?


Is the data consistent with data from other sources?


Do the numbers make sense? Is this data consistent with that from other sources or is it markedly different? If you happen to see data and ‘facts’ varying from source to source, you need to do some research as to which are most reliable.


It’s also important to realise that primary data can take considerable time to collect accurately, it requires expertise in collection and it can be very costly to collect. Secondary data on the other hand is available immediately and is effectively ‘free’. Bear in mind that secondary data will never be perfect for your own requirements. The key question though is: is it reliable and helpful enough for me to use?







        

      

    


      
        
          
BBC – Eight out of ten firms pay men more than women



          
          
              
                        [image: A photograph depicts a professional setting with a man and a woman seated across a table, engaged in conversation. Between them, an open laptop, a coffee mug, and some papers are visible on the table.] 
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The BBC News website ran this headline about the gender pay gap in 2023. It certainly grabs your attention with its headline. However, we need to ask ourselves the questions about this data that we posed earlier before deciding how reliable and accurate the headline is.  


You might want to do this yourself by reading the full article.


Nicu Calcea (2023), Eight out of ten firms pay men more than women, BBC. Retrieved from https://www.bbc.com/news/business-65179430
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          Fractions, proportions, percentages







Reality Check 2.1


Take a look at the following question to see if you’re familiar with fractions, proportions and percentages. If you are, you don’t have to read this section – although you might still find it interesting.


Would you rather have a pay rise of 1/3rd or 30%?








Fractions, proportions and percentages are all around us. Sale items at half-price, a 20 per cent reduction on original prices, a discount of 1/5th if you buy at least £100 of goods, an internal email saying that your department is facing budget cuts (sorry, ‘efficiency savings’!) of 10 per cent next year. We tend to assume that everyone understands what these mean and their implications. Perhaps surprisingly, there are levels of numerical ignorance around that people/managers are, understandably, reluctant to admit to. After all, it’s almost like admitting you can’t read and write. 


Fractions are simply a way of expressing amounts which are, literally, less than one (in whatever units of measurement we are using). Consider monetary measurement. The pound sterling (£) is made up of 100 pence (p). If we insist on our units of measurement being pounds, however, then any amount less than £1 will need to be shown as part of a pound – a fraction. So, for example, 50p is less than one unit (£1) and since we are insisting on units of measurement being in pounds, it cannot be shown as 50p. Instead, it can be shown as a fraction £½. Similarly, 25p would be 1/4 as a fraction of a pound. Any number can be shown as a fraction simply by taking that number and dividing by the number that makes up one unit. So for 50p we would have:


50100


since 50 is the number we require the fraction for and there are 100p making up one unit (£1). Clearly this does not look like ½. The reason is that 50/100 can be simplified through some basic arithmetic. We see that both numbers are in terms of 10s (five tens and ten tens respectively), so it can be rewritten instead as:


5010


These numbers are in turn seen to be in units of 5 (one on top, two on the bottom) so we have ½ as the final fraction. It is important to realise that numerically it really does not matter which of these fractions you use (50/100, 5/10, ½ ) since they are the same. Which you use is up to you in terms of whichever you find easiest. The fraction we have, ½, can also be expressed as a decimal proportion: 0.50 or, if we multiply a proportion by 100 we have a percentage 50% (that is, 50p is 50 per cent of £1). Although it does not matter whether we use fractions, proportions or percentages in terms of the calculations, it may well affect how we – and other people – view the information that is generated. Perceptions differ, but consider what reactions you might get from employees if you told them that they would receive a salary increase next year of either 1/10th or 10 per cent. Do you think that everyone would immediately view these as being identical in terms of the impact on their salary? Probably not, so we need to be careful how we present numerical information and think about how others will see it.
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The 30 per cent struggle


In their book, Michael Blastland and Andrew Dilnot comment on a survey which found that 30 per cent of people struggle to understand what ‘30%’ actually means!


Source: Blastland, M. and Dilnot, D. (2007) The Tiger That Isn’t: Seeing through a World of Numbers. London: Profile Books.








We must also be careful when using percentages in terms of how we comment on or explain the results, as not everyone understands them properly. Consider the following example. We are told that inflation in the UK last year was 5 per cent (that is prices went up on average by 5 per cent). This year inflation is 6 per cent. A typical comment in the press might then be: ‘the rate of inflation has increased by 1 per cent’. In fact it has not. To be technical, the rate of inflation has increased by 1 percentage point (since our initial unit of measurement is in percentage terms) and so has actually increased by 20 per cent (1/5). It is also easy to become confused over percentage increases and decreases. Consider the following. SBP sell one of their products for 10 000 Indian rupees inclusive of a government tax. Because of cost pressures the company increases the price by 15 per cent. Some time later the government reduces the tax on this product, bringing the price down by 15 per cent. It is tempting to conclude that the price will once again be 10 000 rupees but some simple arithmetic illustrates the error in this conclusion.


Original price: 10 000 rupees


Price increase: 15%(10 000) = 1 500 rupees


New price: 11 500 rupees


Tax decrease: 15%(11 500) = 1 725 rupees


New price: 9 775 rupees


We see that after these changes the new price is actually lower than the original.








Progress Check 2.2


	Calculate the following percentages and fractions of 12 098 and 139.5:




25%, 33%, 90%, 5%, 13, 18, 38


	Look at the BBC News item above. Why do you think the figure is reported as ‘8 out of 10’ rather than 80%?




Solutions are given in Appendix F.
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          Rounding and significant figures







Reality Check 2.2


Take a look at the following calculation to see if you’re familiar with rounding and significant figures. If you are, you don’t have to read this section.


Round 6.3467 to three significant figures.








It is often useful to abbreviate – or round – numbers to make them easier to understand and use. For example, if we are out shopping and we see some item on sale for £9.99 most of us would view this as £10 – mentally we round the original figure to the nearest whole number. Similarly, being told as a manager in CTO that you have a budget for a particular project of £124 784 doesn’t really help you remember what your budget allocation is. If we rounded this to £125 000, however, it becomes much easier to remember (although technically less accurate). 


The principle of rounding numbers is based largely on common sense. First, we determine how many significant figures we want. The term significant figures relates to the number of digits in the number that are precise and accurate. So, our exact budget figure of £124 784 contains six significant digits (all six numbers are accurate). The rounded number of £125 000 contains only three significant figures (the last three zeroes are not accurate). Having decided we want the number to be rounded to three significant figures, we then take the last four digits of the original number and round to the nearest whole number: so 4 784 becomes 5 000. (The reason for taking the last four digits is that we start with six significant figures, we require only three, so the last (3+1) digits need to be rounded.) The only slight note of caution comes when rounding the number five. For example if we want to round the number 2 500 to one significant digit, should we round this to 2 000 or to 3 000? The answer is that it depends on which convention you use. Our preference is to round fives to the nearest even number – in this case to 2 000, although we should note that it is just as acceptable to round upwards to the nearest whole number. In such cases we need to make it clear what we have done.








Progress Check 2.3


A company reports a profit figure for last year of exactly £1 078 245.67. Show this figure with:



	(a) 8 significant digits


	(b) 6 significant digits


	(c) 4 significant digits


	(d) 2 significant digits.





Solutions are given in Appendix F.
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What does matter, though, is the degree of accuracy you imply in any calculations you produce using rounded numbers. Consider the following two numbers: 3.4 and 6.23. We know that each number has been rounded to two and three significant digits respectively. If we multiply these two numbers we have:


3.4 × 6.23 = 21.182


which appears to imply five significant digits (and a relatively high level of accuracy). However, the result of this arithmetic cannot be accurate to more than two significant digits (the lower of the two original significant digit numbers), so we should really report the result as 21. To see why, consider the two original numbers: 3.4 could originally be anywhere between 3.35 and 3.45 before rounding, and 6.23 anywhere between 6.2251 and 6.2349. The smallest possible value from this multiplication would then be 20.854085 (3.35× 6.2251) and the largest 21.510405 (3.45×6.2349), showing the result of the multiplication could be anywhere between 20.854085 and 21.510405. So only the first two digits should be seen as significant. Let us illustrate with another example. Consider the company with an annual profit of £1 078 245.67. This may well have been reported in the local press as a profit of £1.1 million. The company has an agreement with the workforce that 10 per cent of the profit will be distributed equally among the firm’s 100 employees. The arithmetic appears to be:


£1.1 million × 10%100 = £1 100


which is what each member of the workforce may well expect to see in their next pay packet. The actual amount, however, will be £1 078.25. A simple misunderstanding may well lead to industrial relations tension. The message is clearly to round numbers after completing the arithmetic and not before and to ensure that results which have been rounded are acknowledged as such.
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