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The syllabus for this four-hour exam is defined in the form of learning objectives, knowledge statements, and 
readings. It also includes various R packages and functions that candidates are expected to be familiar with. 

LEARNING OBJECTIVES set forth, usually in broad terms, what the candidate should be able to do in actual 
practice. Included in these learning objectives are certain methodologies that may not be possible to perform 
from start to finish on an examination, but that the candidate would still be expected to explain conceptually 
if not demonstrate in the context of an examination. 

KNOWLEDGE STATEMENTS identify some of the key terms, concepts, and methods that are associated with 
each learning objective. These knowledge statements are not intended to represent an exhaustive list of 
topics that may be tested, but rather are illustrative of the scope of each learning objective. 

 
READINGS support the learning objectives. It is intended that the readings provide sufficient resources to allow 
the candidate to perform the learning objectives. Some readings are cited for more than one learning 
objective. Candidates are expected to use the readings cited in this Syllabus as their primary study materials. 

Thus, the learning objectives, knowledge statements, and readings complement each other. The learning 
objectives define the behaviors, the knowledge statements illustrate more fully the intended scope of the 
learning objectives, and the readings provide the source material to achieve the learning objectives. Learning 
objectives should not be seen as independent units, but as building blocks for the understanding and 
integration of important competencies that the candidate will be able to demonstrate. 

On a given examination, it is very possible that not every individual learning objective will be tested. 
Questions on a given learning objective may be drawn from any of the listed readings, or a combination of 
the readings. There may be no questions from one or more readings on a particular exam. 

 
After each set of learning objectives, the references to the readings are provided in abbreviated form. 
Complete text references are provided at the end of this exam syllabus. 

 
Items marked with a bold OP (Online Publication) are available at no charge and may be downloaded from 
the Internet at the links provided. 

 
Items marked with a bold SK (Study Kit) are available for purchase from the CAS Store. The books they are 
taken from may also be purchased separately from the publisher or reseller. 



Nov 4, 2021 
Predictive Modeling – Methods and Techniques 

CSPA Exam 3 

Exam 3 Materials for Study, CSPA Exam 3 

©2021, The CAS Institute, All Rights Reserved 
The CAS Institute, 4350 North Fairfax Drive, Suite 250, Arlington, VA 22203 
TheCASInstitute.org 

 

 

 
Prerequisites 

• A working knowledge of R at an individual user level (not at a developer level). This includes the 
ability to write R functions and using the help() command. This knowledge may easily be gained 
by referencing one or more of the following: 

o Section 2.3 of ISL 
o http://faculty.chicagobooth.edu/richard.hahn/teaching/formulanotation.pdf 
o Roger Peng, R Programming for Data Science, See Chapter 14 on Control Structures and 

Chapter 15 on Functions. https://leanpub.com/rprogramming 
o https://cran.r-project.org/doc/manuals/R-intro.pdf is a good resource on the basics of R 
o http://thecasinstitute.org/wp- 

content/uploads/2016/09/Introduction_to_External_Readings_for_DS1.pdf from the syllabus 
for the Data Concepts and Visualization exam 

• Basic linear regression functions in R. It may be helpful to consult chapter 4 of Fox and Weisberg to 
become familiar with these functions. 

• A working knowledge of basic statistics. Needed concepts include hypothesis testing, confidence 
intervals, and basic linear regression. Some good sources for basic statistics, including confidence 
intervals and hypothesis testing, are chapters 1 and 4 of An Introduction to Mathematical Statistics 
by Hogg and Craig and Brian Caffo’s Statistical Inference for Data Science. For linear regression 
models, if the student does not find the summary in chapter 3 of ESL to be review, it may be 
desirable to consult chapters 5 and 9 of Fox. An alternative source would be chapters 2-4 of Frees. It 
would also be helpful for the student’s understanding to be familiar with concerns about multiple 
hypothesis testing as expressed, for example, in Regina Nuzzo’s 2014 Nature article “Scientific 
Method: Statistical Errors” (https://www.nature.com/news/scientific-method-statistical-errors- 
1.14700). 

• Candidates should have sufficient familiarity with the use of R’s help facility to diagnose and resolve simple 
errors such as the names of function arguments, or values returned from functions. Candidates are expected to 
know that arguments to a function do not have to be named if they are provided in the same order expected by 
the function but must be named if the arguments are provided in a different order. If a function argument is 
named incorrectly, the function will likely result in an error. Remember that capitalizationcounts. 

• Candidates should be aware of the default value of each argument in the function they use. 
• In the exam several questions will be based in R. For these R based questions, candidates should not expect 

full credit for code which produces errors. Code which generates an error will be regarded as ambiguous with 
regard to the intent of the candidate. That is, it will not be clear to graders how much credit – if any at all – 
should be awarded for the question. Clear and ample comments within the code may help resolve ambiguities 
and could help a candidate earn partial credit when the code generates errors.” 

http://faculty.chicagobooth.edu/richard.hahn/teaching/formulanotation.pdf
http://thecasinstitute.org/wp-
http://www.nature.com/news/scientific-method-statistical-errors-
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A. Classical Models & Diagnostics 
Weight for Section A: 35-50 percent 

We begin with a brief section on the various types of data that are used in models and considerations that 
arise from certain sources of data (such as surveys) and from the frequent difficulty of missing information. 

 
Interpretation of model diagnostics is critical in predictive analytics. As these diagnostics are very well 
developed for the classical statistical models, we start there. We then introduce the student to generalized 
linear models (including logistic regression, Poisson regression, and Tweedie regression), which are almost 
no more complex than linear regression but which find use in a much wider variety of situations. We also 
include material specific to adjustments that are often necessary in the case of logistic regression, especially 
when one of the classes of the response variable is rare. Finally, we close with a discussion of hierarchical 
models, which handle the common situation in which the regression assumption of independent observations is 
violated. Linear mixed models are introduced as the simplest case of hierarchical models and used as a 
link to what is called Bühlmann credibility in insurance, and used as a means to introduce the student to R’s 
lme4 package. 

 
LEARNING OBJECTIVES KNOWLEDGE STATEMENTS 

1. Types of Data, Missing and Incomplete Data a. Describe types of data such as discrete and 
continuous data. Describe special issues 
that arise in data from surveys. 

b. Describe key patterns of missing data 
values, including censoring, truncation, 
missing-at- random, and missing-completely- 
at-random. 

c. Describe key underlying causes of missing 
data. Identify appropriate ways to deal with 
missing values in a given situation and 
identify the advantages and disadvantages of 
each. 

READINGS 

• ESL, 2.2 
• Fox, 15.5 
• Gelman and Hill, Ch. 25 up to but not including 25.4 
• Study Note on Truncation and Censoring 
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LEARNING OBJECTIVES KNOWLEDGE STATEMENTS 

2. Linear Model Diagnostics a. Learning Objective: Interpret linear model 
output such as confidence intervals for 
parameter estimates and for predictions. 

Perform, interpret, and act upon standard 
diagnostics on linear models, including 
assessment and treatment 
-of outliers; 
-of appropriateness of model specification; 
-of nonnormal errors; 
-of nonlinear dependencies; 
-of heteroscedasticity; 
-of multicollinearity 

b. Understand and apply the hat matrix, hat values, 
residuals (raw, standardized, Studentized, and 
Pearson), and Cook's D to detect outliers and 
influential observations 

c. Apply residual plots, marginal model plots, and 
added variable plots to assess quality of fit and 
the impact of each predictor 

d. Use QQ plots to diagnose non-normal errors, 
e. Use F-tests, residual plots, component-plus- 

residual plots, and CERES plots to identify 
non- linear dependencies 

f. Use residual plots and spread-level plots to 
identify heteroscedasticity; determine when 
transformation of the target variable (possibly 
via Box Cox) is an appropriate remedy, and 
when weighted regression is appropriate. 

g. Identify collinearity via variance-inflation 
factors and generalized variance-inflation 
factors and discuss possible ways to deal with 
collinearity 

READINGS 

• ESL, Ch. 3 up to but not including 3.2.4 
• Fox, Ch. 11 up to but not including 11.4.1; 11.6-11.8.3; Ch. 12 up to and including 12.5.1; results stated in 

exercises 12.3-12.4; Ch. 13 excluding 13.1.1 
• Fox and Weisberg, Ch. 6 excluding the following fouritems: last subsection of 6.4.1, last subsection 

of 6.4.2, all of 6.5.2, all of 6.6 
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LEARNING OBJECTIVES KNOWLEDGE STATEMENTS 

3. Classical Models—Generalized Linear Models
and Their Diagnostics 

a. Understand the assumptions behind different
forms of the Generalized Linear Model and be
able to select the appropriate model

b. Understand the relationship between
mean and variance for various models
within the GLM family

c. Understand how to select the appropriate
link  function and distribution for the
dependent variable.

d. Understand the Tweedie as compound
gamma- Poisson and also as the GLM with
variance function a power law.

e. Be able to describe the reason for a double GLM
and two ways in which a double GLM might be
fit. Be able to describe similarities and
differences between a double GLM and a
weighted GLM

f. Use appropriate diagnostics to evaluate the fit of
a GLM

g. Describe the effect of non- canonical
link function

h. Define deviance and its relationship to a GLM

READINGS 

• Allison
• Fox, Ch. 14.1, Ch. 15 up to but not including 15.5
• Fox and Weisberg, Ch. 5.10-5.11, Ch. 6.6
• Smyth and Jorgensen, sections 1-2, first paragraph of section 3

R PACKAGES AND FUNCTIONS 

• glm, family in default packages
• glm.nb in MASS package
• logistf and summary.logistf in logistf package
• all R functions mentioned in section 6.6 of Fox-Weisberg
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LEARNING OBJECTIVES KNOWLEDGE STATEMENTS 

4. Causal Inference from Observational Data a. Understand coarsened exact matching (CEM), 
for estimating causal effects and explain the 
strengths and weaknesses of it 

b. Discuss the process for using CEM to 
estimate causal effects 

c. Distinguish causal effects from predictions 
a. Explain SATT (sample average treatment effect 

on the treated) 

READINGS 

• Iacus and Porro 

R PACKAGES AND FUNCTIONS 

• cem package. Functions att, cem, relax.cem 
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B. Machine Learning  Methods 
Weight for Section B: 30-45 percent 

 
We begin with sections that apply to all machine learning efforts, emphasizing the importance of out-of- 
sample data—both in a cross-validation context, to tune a model, and in a true holdout context, to validate a 
model. Machine learning models are sufficiently adaptive that in-sample ways of measuring goodness-of-fit 
are not reliable. Automated (as opposed to expert-driven) handling of non-linear dependencies and of 
interactions among variables, and model averaging approaches, are perhaps the most typical characteristics of 
machine learning methods. These are exemplified here by generalized additive models for non-linear 
effects and trees for interactions, with bagging, random forests, and boosting illustrating various model- 
averaging strategies. Finally, we conclude with a discussion of unsupervised learning, including applications. 

It is not possible to cover all techniques in a single exam. Among techniques receiving little or no attention 
here that the student should be aware of, we should mention deep learning and Markov chain Monte Carlo 
algorithms. There are also areas of application, such as text analytics and image analytics, that typically 
require techniques not covered in this syllabus. This syllabus should provide a sufficiently deep introduction 
to the language and framework of machine learning to allow the student to learn additional techniques as 
needed from the relevant literature. 

 
LEARNING OBJECTIVES KNOWLEDGE STATEMENTS 

1. Validation Holdout vs Cross-Validation and 
Tuning Parameters 

a. Explain and contrast holdout and Cross- 
Validation approaches and the best use of each 

b. For a given dataset and model, use cross- 
validation to estimate the accuracy of model 
predictions. 

c. Why might this estimate be inaccurate? 

READINGS 

• ISL, Ch. 5 Intro, 5.1, 5.3.1-5.3.3, 2.2 Assessing Model Accuracy 
• Study Note on Validation and Holdout Data – Updated December 2018 

R PACKAGES AND FUNCTIONS 

• cv.glm function in boot package, sample function in default package 
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LEARNING OBJECTIVES KNOWLEDGE STATEMENTS 

2. Evaluation: Goodness of Fit Metrics, 
Bootstrapping, Bias-Variance Tradeoff, and 
Presentation of Results 

a. Define and apply ROC curves, AUC, Lorenz 
curves, and Gini index 

b. Estimate variance of model estimates. 
c. Describe why your model may be biased. 
d. Describe how to build a model to minimize the 

expected mean squared error. 
e. What exhibits do you show for the holdout data 
f. What presentation material do you prepare and 

show 

READINGS 

• ESL, Ch. 7 up to but not including 7.8 
• ISL, 5.2, 5.3.4 
• Study Note on Validation and Holdout Data 

R PACKAGES AND FUNCTIONS 

• createDataPartition, defaultSummary, train, trainControl, resamples, resampleHist, 
resampleSummary in the caret package 
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LEARNING OBJECTIVES KNOWLEDGE STATEMENTS 

3. Classification Models and Special 
Considerations 

a. Describe and apply the ROC curve in 
evaluating a classification model 

b. Define and describe the Bayes error 
c. Apply linear regression, logistic regression, 

linear discriminant analysis, quadratic 
discriminant analysis, and nearest 
neighbors to fit classification models. Compare 
and contrast these methods as to when 
each might be preferable 

d. Fit a logistic regression by penalized maximum 
likelihood, and describe when that should be 
preferred to maximum likelihood 

e. Describe how unbalanced training datasets can 
influence classifiers and why that is a problem 

f. Identify algorithmic solutions to using 
unbalanced training sets, including 
various undersampling, oversampling, 
and cost-sensitive learning approaches 

g. Discuss the advantages and drawbacks of each 

READINGS 

• Ganganwar, up to section VI but excluding sections IV and V 
• ISL, 2.2.3, Ch. 4 (including the Lab) 
• Sokolova and Lapalme, All excluding Sections IV-V 

R PACKAGES AND FUNCTIONS 

• glm in defaults packages 
• kNN in class package 
• lda, qda in MASS package 
• logistf and summary.logistf in logistf package 
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LEARNING OBJECTIVES KNOWLEDGE STATEMENTS 

4. Shrinkage and Feature Selection Methods a. Apply forward stepwise selection 
b. Define “best subset” selection 
c. Define a shrinkage method and explain 

which penalty term corresponds to which 
method (ridge, lasso) 

d. Use shrinkage methods (lasso and ridge) 
to improve linear model predictions 

e. Select the tuning parameter for the penalty 
term. Comment on how this is done. 

READINGS 

• ESL, 3.3-3.4, 3.6 

R PACKAGES AND FUNCTIONS 

• glmnet, deviance.glmnet, cv.glmnet, plot.glmnet, plot.cv.glmnet, predict.glmnet, 
predict.cv.glmnet, print.glmnet in glmnetpackage 

 
 
 
 
 

LEARNING OBJECTIVES KNOWLEDGE STATEMENTS 

5. Non-Linear Effects and Additive Models a. Be able to discuss several ways of capturing 
non-linear relationships in regressions and 
GLM models, including polynomials, step 
functions, splines, smoothing splines, and local 
regression 

b. Be able to build generalized additive models 
(GAM). 

READINGS 

• ISL, Ch. 7 

R PACKAGES AND FUNCTIONS 

• smooth.spline and loess in default packages 
• gam in gam package 
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LEARNING OBJECTIVES KNOWLEDGE STATEMENTS 

6. Single Trees a. Build regression and classification trees 
b. Use a tree to determine an estimate for an 

observation 
c. Discuss reasons for pruning and methods 

to prune 
d. Implement pruning 

READINGS 

• ISL, Ch. 8 up to and including 8.1, 8.3.1, 8.3.2 

R PACKAGES AND FUNCTIONS 

• tree package, including prune.tree, plot.tree, and predict.tree 
 
 
 
 
 
 
 
 
 
 
 

LEARNING OBJECTIVES KNOWLEDGE STATEMENTS 

7. Ensemble Methods, Random Forests, and 
Boosting 

a. Be able to fit bagged tree models, boosted tree 
models, and random forests to data 

b. Be able to use each to get estimates for a new 
observation 

c. Discuss how each of these methods 
works,  and what its pros and cons are 

READINGS 

• ISL, 8.2, 8.3.3, 8.3.4 

R PACKAGES AND FUNCTIONS 

• In randomForest: randomForest, predict, plot, summary, importance 
• In gbm: gbm, summary, predict 
• In tree: tree, plot, predict 
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LEARNING OBJECTIVES KNOWLEDGE STATEMENTS 

8. Unsupervised Learning a. Differentiate between supervised 
and unsupervised learning tasks 

b. Describe the choices involved in using k-
means and hierarchical clustering and the 
implications thereof 

c. Interpret a dendrogram 
d. Summarize potential issues with 

using clustering and ways to mitigate 
them 

e. Cluster data using k-means and 
hierarchical clustering 

READINGS 

• ISL, 2.1.4, Ch. 10 intro, 10.1, 10.3, 10.5, 10.6, 10.6.2, 10.7 

R PACKAGES AND FUNCTIONS 

• kmeans, hclust, dist, cutree in default packages 
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Complete Text References for Exam 3 
Text references are alphabetized by the Abbreviation column. 

 

Citation Abbreviation 
Learning 
Objective Source 

Allison, P., "Convergence Failures in Logistic Regression," 
SAS Global Forum 2008 proceedings 
(http://people.vcu.edu/~dbandyop/BIOS625/Convergence_Logisti
c.pdf) 

Allison A.3 OP 

Hastie, T., et al., The Elements of Statistical Learning, 2nd ed., 
Chapter 2.2, Chapter 3 up to but not including 3.2.4, 3.3-3.4, 
3.6, Chapter 7 up to but not including 
7.8(https://web.stanford.edu/~hastie/Papers/ESLII.pdf) 

ESL A.1, A.2, B.2, B.4  OP 

Fox, J., Applied Regression Analysis and Generalized Linear 
Models, 3rd ed., Sage Publications, 2015: Chapter 11 up to 
but not including 11.4.1; 11.6-11.8.3; Chapter 12 up to and 
including 12.5.1, results stated in exercises 12.3-12.4; Chapter 
13 EXCLUDING 13.1.1, section 14.1 (dichotomous), 
Chapter 15 up to but not including 15.5 

Fox A.1, A.2, A.3 B - SK 

Fox, J., and Weisberg, S., An R Companion to Applied 
Regression, 2nd ed., Sage Publications, 2011. 5.10-5.11, All of 
Chapter 6 (pp. 285-327) EXCLUDING the last subsections of 
6.4.1 (307-309), the last subsection of 6.4.2 (312-314), 6.5.2 
(316) 

Fox and 
Weisberg 

A.2, A.3 B - SK 

Ganganwar, V., “An Overview of Classification Algorithms for 
Imbalanced Datasets”, International Journal of Emerging 
Technology and Advanced Engineering, Volume 2, Issue 4, April, 
2012, start – III, VI 
(http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.413.3
344&rep=rep1&type=pdf) 

Ganganwar B.3 OP 

Gelman, A., and Hill, J., Data Analysis Using Regression and 
Multilevel/Hierarchical Models, Cambridge University 
Press, 2007: Chapter 25 (up to but not including section 25.4) 

Gelman 
and Hill 

A.1 B - SK 

Iacus, S., King, G., and Porro. G. “CEM: Software for 
Coarsened Exact Matching.” Journal of Statistical Software, 
2009, Vol. 30, issue i09: 2009. Copy at (http://j.mp/Te8KP5) -- 
Sections 1, 3.0, 3.2, 3.3, 3.5 

Iacus and 
Porro 

A.4 OP 

http://people.vcu.edu/%7Edbandyop/BIOS625/Convergence_Logistic.pdf
http://people.vcu.edu/%7Edbandyop/BIOS625/Convergence_Logistic.pdf
https://web.stanford.edu/%7Ehastie/Papers/ESLII.pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.413.3344&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.413.3344&rep=rep1&type=pdf
http://j.mp/Te8KP5
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Citation Abbreviation 
Learning 
Objective Source 

Gareth, J., et al., An Introduction to Statistical Learning with 
Applications in R, Springer, 2017, Chapter 2.2, 2.2.3, 
Chapter 4 (including the Lab), Chapter 5 intro, 5.1, 5.2, 5.3.1- 
5.3.4, Chapter 7, Chapter 8 intro, 8.1, 8.2, 8.3.1, 8.3.2. 8.3.3, 
8.3.4, Chapter 10 intro, 10.1, 10.3, 10.5, 10.6, 10.6.2, 
10.7(https://www.ime.unicamp.br/~dias/Intoduction%20t
o%20Statistical%20Learning.pdf) 

ISL    B.1-B.3, B.4-B.8 OP 

Smyth, G., and Jorgensen, B., "Fitting Tweedie's 
Compound Poisson Model to Insurance Claims Data: 
Dispersion Modelling", ASTIN 
BULLETIN, Vol. 32, No. 1, 2002, pp. 143-157, Section 1-2, first 
paragraph of section 3.1 
(http://www.actuaries.org/LIBRARY/ASTIN/vol32no1/143.pdf) 

Smyth and 
Jorgensen 

A.3 OP 

Sokolova, M. and Lapalme, G., “A systematic analysis of 
performance measures for classification tasks”, 
Information Processing and management, 45 (2009) 427- 
437: start - III, VI 
(http://rali.iro.umontreal.ca/rali/sites/default/files/publis/Sok
olovaLapalme-JIPM09.pdf) 

Sokolova and 
Lapalme 

B.3 OP 

“Study Note on Truncation and Censoring”, The CAS 
Institute (https://thecasinstitute.org/wp-
content/uploads/2018/05/studynote-vF-050218.pdf) 

Study Note 
on 
Truncation 
and 
Censoring 

A.1 OP 

“Study Note on Model Validation and Holdout Data”, 
The CAS Institute 
(https://thecasinstitute.org/wp-content/uploads/2019/01/Exam-
3-Study-Note-Model-Validation-01162019.pdf) 

Study Note 
on Validation 
and Holdout 
Data 

B.1, B.2 OP 

 
 

Source Key 
 

B Book—may be purchased from the publisher or reseller 

OP Online Publication 

NEW Indicates new or updated material 

SK Material included in the Study Kit 

 
 

https://www.ime.unicamp.br/%7Edias/Intoduction%20to%20Statistical%20Learning.pdf
https://www.ime.unicamp.br/%7Edias/Intoduction%20to%20Statistical%20Learning.pdf
http://www.actuaries.org/LIBRARY/ASTIN/vol32no1/143.pdf
http://rali.iro.umontreal.ca/rali/sites/default/files/publis/SokolovaLapalme-JIPM09.pdf
http://rali.iro.umontreal.ca/rali/sites/default/files/publis/SokolovaLapalme-JIPM09.pdf
https://thecasinstitute.org/wp-content/uploads/2018/05/studynote-vF-050218.pdf
https://thecasinstitute.org/wp-content/uploads/2018/05/studynote-vF-050218.pdf
https://thecasinstitute.org/wp-content/uploads/2019/01/Exam-3-Study-Note-Model-Validation-01162019.pdf
https://thecasinstitute.org/wp-content/uploads/2019/01/Exam-3-Study-Note-Model-Validation-01162019.pdf
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