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CHAPTER 2 

OVERVIEW OF THE ANALYSIS PROCESS 

SOLUTION TO SOLVED PROBLEM 

2.S1 Category D Loan Applicants at First Bank 

In the First Bank case study considered in this chapter, applicants for unsecured loans are 

classified as category D if they have a high enough expected default rate that the loan should be 

denied. The CEO and the VP of the loan department have determined that applicants that are 

estimated to have a greater than 25 percent chance of default should fall into category D and 

be denied a loan. Use the dataset on the Clean Data tab of the First Bank Data spreadsheet 

available at www.mhhe.com/Hillier7e to answer each of the following questions. 

 

a. First Bank is considering requiring Credit ≥ 600 and dti ≤ 36 percent to approve a loan (and avoid 

category D). Filter the dataset and use the AGGREGATE function to determine what the average 

default rate would have been for historical customers that met each of the following criteria. 

 (i) Credit ≥ 600 and dti ≤ 36 percent 

 (ii) Credit < 600 

 (iii) dti > 36 percent 

On the Clean Data tab, the formula =AGGREGATE(1, 5, L2:L3685) in cell L3697 calculates the 

mean value of Default for the filtered dataset. Applying a filter to Credit and dti for each of the 

criteria (i), (ii), and (iii) yields the following average default rates. 

(i) Mean value of Default = 0.13

 

(ii) Mean value of Default = 0.42 
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(iii) Mean value of Default = 0.39

 

b. Partition the historical records into a training partition (60 percent of the records) and a 

validation partition (the remaining 40 percent of the records). Use Credit and dti as predictor 

variables with the data standardized. Determine the accuracy, sensitivity, and specificity for the 

KNN model with k = 10 (based on the historical data in the training partition), when it is used to 

classify applicants as to whether they are likely to default (defined as greater than a 25 percent 

chance). 
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Choose k-Nearest Neighbors from the Classify menu of the Data Mining tab of Analytic Solver. 

Specify the predictor variables as Credit and dti, the output variable as Default, the Success 

Class as 0, and the Success Probability Cutoff as 0.75, as shown in the dialog box below. 
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On the Parameters tab of the dialog box, choose K = 10 and Fixed K as shown below. 

 

Also choose Partition Data and Rescale Data and fill in the resulting dialog boxes as shown 

below to partition the dataset and rescale the data using Standardization. 

     

On the Scoring tab of the dialog box (shown below), choose Summary Report for the validation 

data to show the results of applying the KNN algorithm to the validation data. 
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This leads to the summary of results shown below. As indicated in the Metrics table, the 

accuracy is 74.6 percent, the specificity is 44.0 percent, and the sensitivity is 0.80 percent. 

 

 

c. Using Credit and dti as predictor variables and the data standardized, apply the KNN algorithm 

to this problem with k = 10 to the entire dataset (unpartitioned). Classify each of the following 

applicants as likely to default (defined as greater than a 25 percent chance) and indicate each 

applicant’s estimated probability of default. 
 (i) Credit = 582 and dti = 33.2 percent. 

 (ii) Credit = 624 and dti = 36.1 percent. 

 (iii) Credit = 574 and dti = 34.4 percent. 

Enter data for the new applicants on the worksheet as shown below. 
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Choose k-Nearest Neighbors from the Classify menu of the Data Mining tab of Analytic Solver. 

Fill in the Data tab of the dialog box exactly the same as in part b. On the Parameters tab of the 

dialog box, choose K = 10 and Fixed K as in part b. Turn off partitioning to use the entire 

dataset. Rescale the data using Standardization. 

 

On the Scoring tab, check to box to score new data in the worksheet. 
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On the New Data (WS) tab, specify the location for the new data (N1:P4) and match the 

variables by name by clicking the Match by Name button. 

 

Running the algorithm yields the results shown below. The first applicant is classified as not 

likely to default (probability = 0.1), while the second and third applicant are classified as likely 

to default (probability = 0.3). 
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CHAPTER 2 

OVERVIEW OF THE ANALYSIS PROCESS 

Review Questions 

2.1–1 Unsecured loans don’t require pledging an asset such as a house or car as collateral. Therefore, 
higher interest rates are typically charged for an unsecured loan as compared to a mortgage or 
car loan. 

2.1–2 The credit score reflects the individual’s payment history, debt, age, number of credit inquiries, 
and more. 

2.2–1 The team performs a detailed technical analysis of the problem and then presents 
recommendations to management. 

2.2–2 Management evaluates the study and its recommendations, takes into account a variety of 
intangible factors, and makes the final decision based on its best judgment. 

2.2–3 A decision model includes (1) the individual decisions to be made, (2) the overall objective for 
the problem, and (3) the constraints on what can be done. 

2.2–4 Common objectives include maximizing long-run profit, minimize costs, maintain stable profits, 
increase market share, provide for product diversification, maintain stable prices, improve 
worker morale, maintain family control of the business, and increase company prestige. 

2.2–5 The policy has been to set the interest rate based simply on the applicant’s credit score, with 
higher rates charged for customers with lower credit scores. 

2.2–6 How often do these loans end in default? What types of customers have been more likely to 
default? How profitable have these loans been for First Bank? 

2.2–7 It is essential to be able to predict the likelihood of default. 

2.2–8 This prediction would be based upon the various characteristics of the applicant, such as their 
credit score, income, and debt. 

2.2–9 What interest rates should be charged for different categories of customers? What is the best 
portfolio of loans that would provide the best tradeoff between risk and return? 

2.3–1 (Step 1) gather and organize relevant data, (Step 2) clean the data, (Step 3) explore the data, 
(Step 4) Communicate performance information using data visualization. 

2.3–2 The data surge has been a result of sophisticated computer tracking of all of the organization’s 
internal transactions. The data also can come flooding in from sources such as web traffic, social 
networks, sensors of various types, and captures of audio and video recordings. 

2.3–3 A numerical variable is a variable that takes on numerical values. A categorical variable can take 
on only a small number of values that represent the few possible categories. 

2.3–4 Types of errors that are corrected during data cleaning include missing data, improperly 
formatted data, and duplicated data. 
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2.3–5 ETL is an abbreviation of Extract. Transform, and Load. The Extract step involves extracting the 
relevant data. The Transform step is used to “clean up” the data. The Load step involves moving 
the transformed data into a target data store. 

2.3–6 The KDD process overlaps with the ETL process, but then it goes further by focusing on exploring 
the data to discover useful knowledge. 

2.3–7 Summary statistics, such as provided by performance metrics, are useful for quantifying various 
characteristics of individual variables and the relationship between pairs of variables. 

2.3–8 Sorting and filtering the data can help find outliers or mis-entered data. 

2.3–9 Charts can help visualize the data and expose characteristics of a variable or the relationship 
between a pair of variables that aren’t visible through summary statistics alone. 

2.3–10 The goal of data visualization is to communicate the implications of data clearly and efficiently to 
managers and other users through the careful selection of the most effective visual graphics. 

2.3–11 The data familiarization objective is to explore the data in order to become thoroughly familiar 
with all of the relevant data. 

2.3–12 The communication objective is to reframe raw data to make it easily understandable and 
meaningful to managers, investors, and other stakeholders. 

2.3–13 The ultimate goal of descriptive analytics is to better understand both what has been happening 
in the past and what is happening now in real time, and then to develop reports that describe 
these understandings in the most helpful way for a wide audience. 

2.4–1 (Step 1) develop a model, (Step 2) partition the data, (Step 3) test and refine the current model, 
(Step 4) repeat steps 1–3 for several models, and then choose the best, (Step 5) implementation. 

2.4–2 Data mining is the process of finding anomalies, patterns, and correlations within large data sets 
to predict outcomes. 

2.4–3 Some marketing applications of predictive analytics are as follows. Given the data about past 
sales of various products, business firms typically want the best forecasts of the future sales of 
these products to guide future production plans. Similarly, given information about the firm’s 
customers, the marketing department commonly wants to develop a marketing campaign that 
will particularly appeal to a certain group of these customers and lead to future sales. 

2.4–4 The k-nearest-neighbor algorithm uses the observed behavior of the k nearest neighbors (the k 
customers whose characteristics are most similar to the prospective customer) to predict what 
the prospective customer will do. 

2.4–5 A model that predicts a numeric outcome is referred to as a prediction model. A model that 
attempts to predict a yes-or-no outcome (or one of several possible outcomes) is referred to as 
classification model. 

2.4–6 The records for the past representatives (up to the present time) are referred to as the historical 
records and the one for the new representative (the one for whom a prediction is needed) is 
called the predictor record. 
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2.4–7 The variable we are trying to predict is the outcome variable. The variables representing the 
characteristics of the records that are used to make the prediction are referred to as the 
predictor variables. 

2.4–8 Correlation between predictor variables indicates very strong information overlap. Generally, 
when variables are strongly correlated, they should not both be included as predictor variables. 
A strong correlation between a particular variable and the outcome variable suggests that this 
particular variable may have strong predictive power for the outcome and therefore is a good 
candidate to be a predictor variable. 

2.4–9 A model that overfits to the historical data will incorporate and account for too much of the 
noise, potentially to the point of missing the main signal, and therefore may make poor 
predictions with new data. 

2.4–10 Partitioning the data into training data and validation data can be used to validate a model. Since 
the validation data are separate from the training data (and thus new to the model), this allows 
us to see how the model performs on “new” data. The validation partition can also be used as 
part of the process of building the model, such as choosing parameters like k in the k-nearest-
neighbor algorithm. 

2.4–11 The specificity is the ability to correctly predict a negative outcome, while the sensitivity is the 
ability to correctly predict a positive outcome. 

2.5–1 A decision model includes decision variables, an objective function, and constraints.  

2.5–2 What-if analysis (or sensitivity analysis) is used to analyze how the solution derived from the 
model would change (if at all) if the value assigned to a parameter were to be changed to other 
plausible values. 

2.5–3 In a linear programming model, the mathematical functions appearing in both the objective 
function and the constraints are all linear functions. (A linear function is a mathematical 
expression that consists of a sum of terms where each term is simply a constant times a single 
variable.) 

2.5–4 One advantage is that a decision model describes a problem much more concisely. This tends to 
make the overall structure of the problem more comprehensible, and it helps to reveal 
important cause-and-effect relationships. It also facilitates dealing with the problem in its 
entirety and considering all its interrelationships simultaneously. Finally, a decision model forms 
a bridge to the use of mathematical techniques and computers to analyze the problem. 

2.5–5 A model is necessarily an abstract idealization of the problem, so approximations and simplifying 
assumptions generally are required if the model is to be tractable (capable of being solved). 
Therefore, care must be taken to ensure that the model remains a valid representation of the 
problem. 

2.5–6 The process of model enrichment begins with a very simple version and then move in 
evolutionary fashion toward more elaborate models that more nearly reflect the complexity of 
the real problem. 
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2.5–7 First, they need to determine the interest rates to charge potential customers whose loan 
applications have been approved. Second, given the available funding, what is the best mix of 
unsecured and secured loans to include within First Bank’s portfolio? 

2.5–8 An optimal solution is the best feasible solution according to the objective function. However, 
since the model necessarily is an idealized rather than an exact representation of the real 
problem, the optimal solution may not be the best possible solution that could have been 
implemented for the real problem. 

2.5–9 Satisficing is seeking a solution that is “good enough” for the problem at hand, rather than the 
solution that optimizes a measure of performance. Goals may be set to establish minimum 
satisfactory levels of performance or include constraints that require the goals to achieve at least 
their minimum satisfactory levels of performance. 

2.5–10 Heuristic procedures are intuitively designed procedures that do not guarantee an optimal 
solution but find a good suboptimal solution. Metaheuristics provide both a general structure 
and strategy guidelines for designing a specific heuristic procedure to fit a particular kind of 
problem. 

2.5–11 An optimal solution for the original model may be far from ideal for the real problem. 

2.5–12 A parameters is said to be a sensitive parameter if (without changing any other parameter 
values) its value cannot be changed without changing the optimal solution. Identifying the 
sensitive parameters is important, because this identifies the parameters whose value must be 
assigned with special care to avoid distorting the output of the model. 

2.5–13 The first version of a large decision model inevitably contains many flaws. Some relevant factors 
or interrelationships may not have been incorporated into the model, and some parameters 
frequently have not been estimated correctly. Therefore, before you use the model, it must be 
thoroughly tested to try to identify and correct as many flaws as possible. 

2.5–14 A retrospective test involves using historical data to reconstruct the past and then determining 
how well the model and the resulting solution would have performed if they had been used. 
Considerable evidence can be gathered regarding how well the model predicts the relative 
effects of alternative courses of actions. However, it uses the same data that guided the 
formulation of the model. The crucial question is whether the past is truly representative of the 
future. If it is not, then the model might perform quite differently in the future than it would 
have in the past. 

2.5–15 Documenting the process helps to increase confidence in the model for subsequent users. 
Furthermore, if concerns arise in the future about the model, this documentation will be helpful 
in diagnosing where problems may lie. 

2.5–16 Databases and management information systems may provide up-to-date input for the model 
each time it is used. An interactive computer-based system called a decision support system is 
installed to help managers use data and models to support (rather than replace) their decision 
making as needed. Additional software may generate managerial reports (in the language of 
management) that interpret the output of the model and its implications for application. 
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2.5–17 It is important for the study team to participate in launching this phase, both to make sure that 
model solutions are accurately translated to an operating procedure and to rectify any flaws that 
are uncovered in the solutions. 

2.5–18 First, the study team gives operating management a careful explanation of the new system to be 
adopted and how it relates to operating realities. Next, these two parties share the responsibility 
for developing the procedures required to put this system into operation. Operating 
management then makes sure that a detailed indoctrination is given to the personnel involved. 

 

Problems 

2.1 The core component of the ad-serving algorithm is a classification model that computes, for 
each candidate ad video, the probability that it will generate a profitable action (i.e., a view, click, 
or installation). A two-stage approach incorporates budget restrictions and user-fatigue issues. 
See pages 457-460 of the article for details. 

2.2 The core component of the ad-serving algorithm is a classification model that computes, for 
each candidate ad video, the probability that it will generate a profitable action (i.e., a view, click, 
or installation). A two-stage approach incorporates budget restrictions and user-fatigue issues. 
See pages 457-460 of the article for details. 
 The financial benefits that resulted from this study include savings of $40 million in 2001 
and of $5 million in 2002. The savings for any major disruption have been between $1 and $5 
million. The new system enabled Continental Airlines to operate in an efficient and cost-effective 
manner in case of disruptions. The time to recover and the costs associated with disruptions are 
reduced. What-if analysis allowed the company to evaluate various scenarios in short periods of 
time. Since the complete reliable data can be generated quickly, the company reacts to facts 
rather than forecasts. These improvements in handling irregularities resulted in better and more 
reliable service and hence happier customers. 

2.3 a. False. The study team works in an advisory capacity, so the goal is to make 
recommendations to management for how to do this. 

 b. False. Management tends to adopt the goal of satisfactory profits combined with other 
objectives. 

 c. True. 

2.4 a. False. This is true for business analysts who specialize mainly in business analytics instead. 

 b. False. Data mining is the process of finding anomalies, patterns, and correlations within large 
data sets to predict outcomes. 

 c. True. 

2.5 a. False. The goal is to understand what has been happening to date and then to develop 
insightful reports that describe these understandings. 

 b. False. The goal is to communicate the implications of data clearly and efficiently through 
using effective visual graphics. 
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 c. False. The focus is on using data to predict future events, trends, or behaviors. 

2.6 a. True. 

 b. True. 

 c. True. 

2.7 a. False. A good approach is to begin with a very simple version and then move in evolutionary 
fashion toward more elaborate models that more nearly reflect the complexity of the real 
problem. 

 b. True. 

 c. False. It often is not possible to obtain an optimal solution. The test of the practical success 
of a study should be whether it provides a better guide for action than can be obtained by 
other means. 

2.8 a. False. It addresses some questions about what would happen to the optimal solution if 
different assumptions were made about future conditions. 

 b. True. 

 c. False. It is important for the study team to participate in launching the implementation as 
well. 

2.9 a. Student 250 missing Graduated data. 
Student 506 missing College GPA data. 
Student 616 missing High School GPA data. 
Student 655 missing SAT data. 

 b. Student 190 SAT entered as 8.90. Possibly a stray decimal point (890). 
Student 333 Graduated entered as Y. Should probably be Yes. 
Student 421 High School GPA entered as 287. Possibly should be 2.87. 
Student 547 Graduated entered as N. Should probably be No. 

 c. Enter =IF(E2=“Yes”,1,0) and fill down. 

2.10 a. Summary Statistics: 
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 b. Correlation Table: 

 

2.11 a. Most with the highest High School GPA have graduated 

 

  Many with the lowest High School GPA did not graduate 

 

 b. Most with the highest SAT Scores have graduated 
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  Many with the lowest SAT Scores did not graduate 

 

 c. Essentially all with the highest College GPA have graduated 

 

  Most with the lowest College GPA did not graduate 

 

2.12 a. Enter =AGGREGATE(1,5,B2:B801) and fill right. 

 b. With High School GPA filtered to only show ≥2.80, and SAT Score filtered to only show ≥1000, 
the mean graduation rate is 0.68. 
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2.13 a. A positive correlation between College GPA and High School GPA is observed. 

 

 b. A positive correlation between College GPA and SAT Score is observed. 
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 c. Very little correlation between SAT Score and High School GPA is observed. 

 

2.14 a. Classification: Yes (likely to graduate). Probability of graduation ≈ 0.875. 

 b. Classification: No (not likely to graduate). Probability of graduation ≈ 0.143. 

 c. Classification: Yes (likely to graduate).  Probability of graduation ≈ 0.571. 

   

2.15 a. Using k = 5 gives the highest accuracy. 

 

 b. Accuracy 58.4%, Specificity 49.6%, Sensitivity 65.0% 
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 c. Lift Chart 

 

2.16 a. Loan 689 is missing Annual Income data. 
Loan 1157 is missing Default data. 
Loan 2324 is missing Late Payments data. 

 b. Loan 1455 has Annual Income entered as $83. Perhaps should be $83,000. 
Loan 2457 has Credit Score entered as 5.40. Perhaps a stray decimal (540). 
Loan 4504 has Default entered as N. Perhaps should be No. 

 c. Enter =IF(E2=“Yes”,1,0) and fill down. 

2.17 a. Summary Statistics 

 

 b. Correlation Table 
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2.18 a. Most with the highest Annual Income did not default. 

 

  Those with the very lowest Annual Income did not default. 

 

 b. Those with the very highest Credit Scores did not default. 
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  Some with the lowest Credit Scores defaulted, and many had a lot of late payments. 

 

 c. Many with the highest number of Late Payments ended up defaulting. 

 

  Those with the fewest Late Payments generally did not default. 

 

2.19 a. Enter =AGGREGATE(1,5,B2:B4986) and fill right. 
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 b. With Annual Income filtered to only show ≥35,000, and Credit Score filtered to only show 
≥600, the mean default rate is 7 percent. 

 

2.20 a. A negative correlation between Late Payments and Income is observed. 
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 b. A negative correlation between Late Payments and Credit Score is observed. 

 

2.21 a. Classification: No (not likely to default). Probability of default ≈ 0. 

 b. Classification: No (not likely to default). Probability of default ≈ 0.1. 

 c. Classification: Yes (likely to default).  Probability of default ≈ 0.2. 

   

2.22 a. Accuracy 74.3%, Specificity 32.5%, Sensitivity 78.8% 
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 b. Lift Chart 

 

 

 

Cases 

2–1 a. Record 102 is missing Purchase and Credits data. 
Record 287 is missing Income data. 

 b. Record 107 Income is 58234 ($58,234,000). Perhaps entered as $ instead of $thousands. 
Record 299 Marital Status entered as M. Probably should be Married. 
Record 354 Marital Status entered as S. Probably should be Single. 
Record 457 Credits is 3. Perhaps should be 3000. 

 c. Enter =IF(D2=“Married”, 1, 0) and fill down. 
Enter =IF(F2=“Yes”, 1, 0) and fill down. 

 d. Statistics for variables 
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 e. Correlation Table 

 

 f. Income sorted highest to lowest. Purchasing credits (sometimes many) is common in the 
high-income group. 

 

  Income sorted from lowest to highest. Purchasing credits is rare among the low-income 
group, and then usually the minimum (3000) are purchased. 

 

  Age sorted highest to lowest. Purchasing credits is rare in the highest age group, but when 
purchased, a large number may be purchased. 
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  Age sorted from lowest to highest. Purchasing credits is very rare (nonexistent) among the 
lowest age group. 

 

  Visits sorted highest to lowest. Purchasing credits is somewhat common in the highest visit 
group, and when purchased, a large number may be purchased. 

 

  Visits sorted from lowest to highest. Purchasing credits is very rare (nonexistent) among the 
lowest visiting group. 
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 g. There appears to be a positive correlation between credits and income. 

 

 h. Married or single does not appear to change the probability of purchase. 

 

 i. Based on the correlation table from part e, it appears Income and Visits are most closely 
correlated with whether a purchase is made. The other predictor variables show little 
correlation. 
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 j. The KNN algorithm performs best with k = 5. 

 

 k. Using k = 5 for KNN, Accuracy = 65.6%, Specificity = 73.1%, Sensitivity = 47.4%. 

 

 l. Using Income and Visits as predictor variables and k = 5, the first and third potential buyers 
are classified as likely to purchase. The estimated probability of purchase for each of the 
three buyers is 0.5, 0.2, and 0.6, respectively. 
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