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they need in order to estimate, interpret, present, and publish quantitative research studies using 
contemporary standards. 

 This book shares the following key features with  Regression Analysis for the Social Sciences  
(also published by Routledge and authored by Professor Gordon):

   ■   Interweaving the teaching of statistical concepts with examples developed for the book 
from publicly available social and health science data or drawn from the literature;  

  ■   Thorough integration of teaching statistical theory with teaching data processing and 
analysis;  

  ■   Teaching of both SAS and Stata “side-by-side” and use of chapter exercises in which 
students practice programming and interpretation on the same data set and of course 
exercises in which students can choose their own research questions and data set.  

    Applied Statistics for the Social and Health Sciences  differs from  Regression Analysis for the 
Social Sciences  in fi ve major ways:

   1.   Inclusion of new literature excerpts, with broader coverage of the public health and 
education literatures.  

  2.   Use of the National Health Interview Survey for chapter exercises (rather than the National 
Organizations Survey).  

  3.   Inclusion of sections in many chapters that show how to implement the analysis techniques 
for data sets based on complex survey designs.  

  4.   Coverage of basic univariate and bivariate descriptive and inferential statistics.  
  5.   Coverage of the generalized linear model and maximum likelihood techniques for 

dichotomous outcomes and for multi-category nominal and ordinal outcomes.    

  Rachel A. Gordon  is an Associate Professor in the Department of Sociology and the Institute 
of Government and Public Affairs at the University of Illinois at Chicago. Professor Gordon has 
multidisciplinary substantive and statistical training and a passion for understanding and 
teaching applied statistics. 
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  PREFACE 

 This text is intended for year-long graduate statistics sequences in masters and doctoral 
programs in the social and health sciences. 

 We cover basic descriptive and inferential statistics, ordinary least squares (OLS) regression 
models for continuous outcomes, and the generalized linear model and maximum likelihood 
estimation for dichotomous outcomes and for multi-category nominal and ordinal outcomes. 

  Applied Statistics for the Social and Health Sciences  shares several goals and strategies with 
the text  Regression Analysis for the Social Sciences , the latter of which is intended for a semester-
long course on ordinary least squares regression. In addition to coverage of additional 
topics,  Applied Statistics for the Social and Health Sciences  also has some unique features, outlined 
below. 

 Both books aim to fi ll a gap in the textbook market. Although statistics textbooks abound, 
relatively few aim specifi cally at basic graduate sequences in the social and health sciences. 
We target the social and health science branches such as education, human development, 
psychology, public health, social work, and sociology, to which students bring a wide range of 
mathematical skills and have a wide range of methodological affi nities. For some of these 
students, a successful basic statistics sequence will not only offer statistical content but will also 
help them to overcome their anxiety about statistics and to develop an appreciation for how 
quantitative techniques might answer some of the research questions of interest to them. Other 
students are eager to gain a strong foundation in statistical theory and statistical analysis so they 
can take advanced courses, secure research assistantships, and begin their own quantitative 
projects. 

 To meet these objectives, both of our textbooks have three distinctive features:

   1.   Use of examples of interest to social scientists including both: 
   a.   Literature excerpts, drawn from a range of journals and a range of subfi elds;  
  b.   Examples from real data sets, including two data sets carried throughout the 

book;  
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xii ■ ■ ■ PREFACE

     2.   Thorough integration of teaching statistical theory with teaching data processing and 
analysis;  

   3.   Parallel teaching of SAS and Stata.    

  Applied Statistics for the Social and Health Sciences  differs from  Regression Analysis for the 
Social Sciences  in fi ve major ways: 

    1.   Inclusion of new literature excerpts, with broader coverage of the public health and 
education literatures.  

   2.   Use of the National Health Interview Survey for chapter exercises (rather than the National 
Organizations Survey).  

   3.   Inclusion of sections in many chapters that show how to implement the analysis techniques 
for data sets based on complex survey designs.  

   4.   Coverage of basic univariate and bivariate descriptive and inferential statistics.  
   5.   Coverage of the generalized linear model and maximum likelihood techniques for 

dichotomous outcomes and for multi-category nominal and ordinal outcomes.    

  THE IMPETUS FOR THIS BOOK 

 Over the last few decades, the landscape of quantitative empirical work in the social and health 
sciences has changed dramatically, raising the bar on the basic skills that scholars need in order 
to produce and read quantitatively based publications. One impetus for these changes was the 
initiation and maturation of a number of large-scale studies of individuals, families, and 
organizations (for example, the National Longitudinal Survey of Youth began annual interviews 
in 1979, spawned the Children of the NLSY in 1986 when investigators began to follow the 
children of mothers from the original cohort, and required an acronym change, to NLSY79, 
when a new cohort, the NLSY97, was fi rst interviewed). Another impetus for change was the 
expansion of computing power, allowing these data sets to be readily analyzed on the desktop, 
and the development of the Internet, which now puts many of these data sets only a click away. 

 Changing technology has also raised the bar on how the results of quantitative analyses 
are presented. Increasingly, multimedia is integrated into everyday lives. Succinct, clear 
presentations are required for results to stand out from a fl ood of information. Clearly organized 
and presented manuscripts have always been important, but this is increasingly true given 
demands on reviewers’ and editors’ time and attention, and pressures to conserve journal space. 
Strategies for presentation are also important for students and scholars who want to make their 
work accessible to practitioners, policymakers, and the public, something encouraged by current 
developments across fi elds (e.g., public sociology, applied developmental science). 

 Although many statistics texts exist, none completely meets the needs of core graduate training 
in the social and health sciences, instead typically being targeted at a different level, audience, 
or niche. For example, texts aimed at the undergraduate level often do not meet the goals and 
coverage of graduate sequences intended to prepare students to understand primary sources and 
conduct their own publishable research. These texts are sometimes used because they are at the 
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 PREFACE ■ ■ ■ xiii

right level for graduate students who are less mathematically inclined, but they do not fully 
satisfy the needs of graduate students and the faculty. Texts aimed at other disciplines are also 
problematic because they do not connect with students’ substantive training and interests. For 
example, econometrics texts typically use economic examples and often assume more advanced 
mathematical understanding than is typical of other social science disciplines. 

 Like our semester-long text  Regression Analysis for the Social Sciences , the year-long text 
 Applied Statistics for the Social and Health Sciences  aims to address this current landscape. 
The goal of the books is to provide graduate students with the basic skills that they need to 
estimate, interpret, present, and publish quantitative studies using contemporary standards. Key 
features include:

   ■   Interweaving the teaching of statistical concepts with examples developed for the book 
from publicly available social and health science data or drawn from the literature;  

  ■   Thorough integration of teaching statistical theory with teaching data processing and 
analysis;  

  ■   Teaching of both SAS and Stata “side-by-side” and use of chapter exercises in which 
students practice programming and interpretation on the same data set and of course 
exercises in which students can choose their own research questions and data set.  

    Applied Statistics for the Social and Health Sciences  differs from  Regression Analysis for the 
Social Sciences  in several ways.  Applied Statistics for the Social and Health Sciences  is aimed 
at a two-semester graduate statistics sequence, and thus covers basic univariate and bivariate 
statistics and regression models for nominal and ordinal outcomes, in addition to covering 
ordinary least squares regression which is the focus of  Regression Analysis for the Social 
Sciences. Applied Statistics for the Social and Health Sciences  also incorporates new literature 
excerpts and a different data set for chapter exercises, aiming for expanded coverage of the 
literature in education and public health. Finally,  Applied Statistics for the Social and Health 
Sciences  includes sections in many chapters that show how to implement analytic techniques 
when data come from complex survey designs.  

  THE AUDIENCE FOR THE BOOK 

  Applied Statistics for the Social and Health Sciences  is designed for year-long statistics’ sequences 
in masters and doctoral social and health sciences programs. Such courses typically occur early in 
graduate programs, and the skills, motivations, and interests of students vary considerably. 

 For some students, anxiety is high, and this core sequence comprises the only statistics courses that 
they plan to take. These students will better engage in the sequence if the concepts and skills are 
taught in a way that recognizes their possible math anxiety, is embedded in substantive examples, 
connects with the students’ research interests, and helps them to feel that they can “do quantitative 
research.” Part of the challenge of connecting with students’ research interests, though, is that they 
are typically just starting their graduate programs when they take their statistics sequence, so the 
sequence needs to explicitly make connections to students’ budding interests. 
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 Other students in the sequence are eager to gain a deep understanding of statistical concepts 
and sophisticated skills in data management and analysis so that they can quickly move on to 
and excel with advanced techniques. Many of these students will come into their programs 
believing that quantitative research would be a major part of their career. Some want to use the 
skills they learn in the basic statistics sequence to secure coveted research assistant positions. 
Many of these students enter the program with solid math skills, prior success in statistics 
courses, and at least some experience with data management and analysis. For these students, 
the sequence will be frustrating and unfulfi lling if it doesn’t challenge them, build on their 
existing knowledge and skills, and set them on a path to take advanced courses and learn 
sophisticated techniques. 

 Students also vary in their access to resources for learning statistics and statistical packages 
beyond the core statistics sequence. In some departments, strategies for locating data, organizing 
a research project, and presenting results in a manuscript are easily learned from mentors 
and research teams (including through research assistantships) and through informal 
conversations with fellow students. Some programs also have separate “capstone” courses that 
put statistics into practice, typically following the core sequence. For other students, there are 
few such formal and informal opportunities. These students will struggle with implementing 
the concepts learned in statistics courses without answers to practical questions such as “Where 
can I fi nd data?” “How do I get the data into SAS (or Stata or SPSS) format?” “How do I 
interpret a codebook?” “How should I organize my fi les?” “How do I present my results in my 
manuscript?” Integrating this practical training within the core statistics sequence meets the 
needs of students (and faculty) in programs with few formal and informal learning opportunities 
for such practical skills. We also use this integrated approach in the book to help students 
practice the statistical concepts they are learning with real data, in order to help reinforce their 
learning, engage them in the sequence, and give them confi dence in conducting quantitative 
research.  

  THE GOALS OF THE BOOK 

 The goals of the book are to prepare students to:

   1.   Conduct a research project from start to fi nish using basic descriptive analyses and using 
basic regression analyses appropriate for nominal, ordinal, or continuous outcomes;  

  2.   Have the basic tools necessary to be a valuable beginning research assistant;  
  3.   Have the basic knowledge and skills needed to take advanced courses that build on core 

concepts of descriptive and inferential statistics, of ordinary least squares regression, and of 
the generalized linear model and maximum likelihood estimation; and  

  4.   Intelligently and critically read publications that utilize these techniques.    

 We focus especially on concepts and techniques that are needed either to publish basic regression 
analyses in journals in the relevant fi elds (for goals 1–3) or read publications using these models 
in those journals (for goal 4). 

xiv ■ ■ ■ PREFACE
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 At every stage of the book, we attempt to look through the lens of the social scientist in training: 
Why do I need to know this? How is it useful to me? The book is applied in orientation, and 
frequently makes concepts concrete through examples based on social and health sciences data 
and excerpts from recent journal publications. 

 Although the book is applied, we introduce key mathematical concepts aiming to provide suffi cient 
explanation in order to accommodate students with weaker math backgrounds. For example, 
students are taught to fi nd meaning in equations. Throughout the text, students are shown how to 
manipulate equations in order to facilitate understanding, with detailed in-text explanations of 
each step. The goal is to help all students feel comfortable reading equations, rather than leaving 
some to skip over them. For more advanced students, or students returning to the book later in 
their careers, we provide references for additional details. We also attempt to present concepts and 
techniques deeply and slowly, using concrete examples for reinforcement. Our goal is for students 
to learn an idea or skill well enough that they remember it and how to apply it. This pace and 
approach allows suffi cient time for students who struggle with learning statistics to “really get it” 
and allows suffi cient time for students who learn statistics easily to achieve a more fundamental 
understanding (including references to more advanced topics/readings). 

 As part of this approach, we unpack ideas and look at them from multiple angles (again with a 
goal toward what is needed when preparing a manuscript for publication, or reading a published 
article). For example, we spend considerable time on understanding how to test and interpret 
interactions (e.g., plotting predicted values, testing differences between points on the lines, 
calculating conditional slopes). 

 We assume that students have had an introductory course (perhaps high school or undergraduate) 
in research methods and in descriptive and inferential statistics, although we review concepts 
typically covered in these courses when we fi rst use them.  

  THE CHAPTERS OF THE BOOK 

 The fi rst part of the book introduces quantitative social and health sciences research through a 
number of literature excerpts and teaches students how to locate data, use statistical software, 
and organize a quantitative research project. The second part covers basic univariate and 
bivariate descriptive and inferential statistics. The third part covers basic ordinary least squares 
(OLS) regression models in detail. The fourth part introduces the generalized linear model and 
maximum likelihood estimation and applies these techniques to basic nominal and ordinal 
outcomes. The fi nal chapter pulls together the earlier material, including providing a roadmap 
of advanced topics and revisiting the examples used in earlier chapters. 

  Part 1: Getting Started 

 Part 1 of the book aims to get students excited about using regression analysis in their own 
research and to put students on common ground by exposing them to literature excerpts, data 

 PREFACE ■ ■ ■ xv
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sets, statistical packages, and strategies for organizing a quantitative research project. 
As noted above, this leveling of the playing fi eld is important because students will vary 
in the prior statistics courses that they have taken and their prior experience analyzing data 
as well as in opportunities in their program to learn how to put statistical concepts into 
practice.

   ■   Chapter 1 introduces students to quantitative analyses using several literature excerpts. 
By using a range of substantive applications and a range of data sources, a major goal 
of the excerpts is to get students excited about using quantitative analyses to their own 
work. In this chapter, the examples were also selected because they were completed 
when the authors were graduate students and published in top journals, thus giving 
students attainable role models. The examples are also meant to begin to help students 
read and interpret published quantitative analyses (beyond their experiences reading 
articles that report quantitative analyses in substantive courses). And, the examples in this 
chapter were selected to preview some of the central topics to be covered in later chapters 
(e.g., controlling for confounds, examining mediation, testing for interactions) and others of 
which will be pointed to in the roadmap in the last chapter of the book (e.g., negative 
binomial models).  

  ■   Chapter 2 discusses strategies for organizing a research project. Especially with large 
secondary data sets with numerous variables, it is easy to get lost “playing with the 
data.” We encourage students to keep theoretical ideas and a long-range perspective in 
mind throughout a project. This chapter directly addresses the variability in formal and 
informal opportunities for research experiences mentioned above, and attempts to pull 
together various “words of wisdom” about planning and documenting a project and 
locating data that some students might otherwise miss. The chapter also exposes students 
to a breadth of secondary data sets, which can provide the knowledge and comfort 
needed to access secondary data as their interests develop over the years of graduate 
study. The chapter teaches students basic skills in understanding documentation for 
secondary data sources and selecting data sets. The data set carried throughout the in-text 
examples, the National Survey of Families and Households (NSFH), is introduced in the 
chapter.  

  ■   Chapter 3 introduces the basic features of data documentation and statistical software. The 
chapter begins with basic concepts of how data sets are stored in the computer and read by 
statistical packages. The rationale for using both SAS and Stata is provided, along with the 
basic types of fi les used and created by each package. The chapter also covers how to 
organize fi les in a project and how to identify relevant variables from large existing data 
sets. The chapter example uses the data set carried throughout the in-text examples (NSFH). 
The chapter exercise introduces the data set used for the chapter exercises throughout the 
remainder of the book (National Health Interview Survey).  

  ■   Chapter 4 teaches students how to write basic statistical programs. To reach a broad 
audience of instructors, and to expose students to the fl exibility of moving between software 
packages, SAS and Stata are presented side-by-side. The chapter begins with the basics 
of the Stata and SAS interfaces and syntax. We then cover how to create new variables 
and to keep a subset of cases. The chapter ends with recommendations for organizing 
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fi les (including comments and spacing) and for debugging programs (identifying and 
fi xing errors).     

  Part 2: Basic Descriptive and Inferential Statistics 

   ■   Chapter 5 demonstrates how to calculate key statistics to describe the variables in an 
analytic dataset. We emphasize the importance of thinking about a variable’s type when 
choosing statistics, covering the percentage distribution and mode for nominal variables, 
the percentiles (including the median) for ordinal variables, and the box plot (and 
interquartile range), the histogram, and the mean and standard deviation for interval 
variables.  

  ■   Chapter 6 introduces the basic ideas of a sampling distribution, the standard error, and the 
central limit theorem. We review the basic features of a normal distribution, and discuss 
the empirical rule and standardized variables.  

  ■   Chapter 7 introduces basic concepts of hypothesis testing of bivariate associations using the 
test statistic and confi dence interval approaches. We cover in detail the chi-square test for 
two categorical variables, the two-sample t-test and analysis of variance for one categorical 
and one interval variable, and the Pearson correlation for two interval variables.    

  Part 3: Ordinary Least Squares Regression 

   ■   Chapter 8 covers basic concepts of bivariate regression. Interpretation of the intercept and 
slope is emphasized through examining the regression line in detail, fi rst generally with 
algebra and geometry and then concretely with examples drawn from the literature and 
developed for the book. We look at the formulas for the slope coeffi cient and its standard 
error in detail, emphasizing what factors affect the size of the standard error. We discuss 
hypothesis testing and confi dence intervals for testing statistical signifi cance and rescaling 
and effect sizes for evaluating substantive signifi cance.  

  ■   Chapter 9 covers basic concepts of multiple regression. We look in detail at a model with 
two predictors, using algebra, geometry, and concrete examples to offer insights into 
interpretation. We look at how the formulas for the slope coeffi cients and their standard 
errors differ from the single predictor variable context, emphasizing how correlations 
among the predictors affect the size of the standard error. We cover joint hypothesis testing 
and introduce the general linear F-test. We again use algebra, illustrations, and examples to 
reinforce a full understanding of the F-test, including its specifi c uses for an overall model 
F-test and a partial F-test. We re-emphasize statistical and substantive signifi cance and 
introduce the concepts of R-squared and Information Criteria.  

  ■   Chapter 10 covers dummy variable predictors in detail, starting with a model with a single 
dummy predictor and extending to (a) models with multiple dummies that represent one 
multicategory variable, and (b) models with multiple dummies that represent two 
multicategory variables. We look in detail at why dummy variables are needed, how they 
are constructed, and how they are interpreted. We present three approaches for testing 
differences among included categories.  
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  ■   Chapter 11 covers interactions in detail, including an interaction between two dummy 
variables, between a dummy and interval variable, and between two interval variables. We 
present the Chow test and fully interacted regression model. We look in detail at how to 
interpret and present results, building on the three approaches for testing among included 
categories presented in Chapter 10.  

  ■   Chapter 12 covers nonlinear relationships between the predictor and outcome. We discuss 
how to specify several common forms of nonlinear relationships between an interval 
predictor and outcome variable using the quadratic function and logarithmic transformation. 
We discuss how these various forms might be expected by conceptual models and how to 
compare them empirically. We also show how to calculate and plot predictions to illustrate 
the estimated forms of the relationships. And, we also discuss how to use dummy variables 
to estimate a fl exible relationship between a predictor and the outcome.  

  ■   Chapter 13 examines how adding variables to a multiple regression model affects the 
coeffi cients and their standard errors. We cover basic concepts of path analysis, including 
total, direct, and indirect effects. We relate these ideas to the concept of omitted variable 
bias, and discuss how to contemplate the direction of bias from omitted variables. We discuss 
the challenge of distinguishing between mediators and confounds in cross-sectional data.  

  ■   Chapter 14 encompasses outliers, heteroskedasticity, and multicollinearity. We cover 
numerical and graphical techniques for identifying outliers and infl uential observations. 
We also cover the detection of heteroskedasticity, implications of violations of the 
homoskedasticity assumption, and calculation of robust standard errors. Finally, we discuss 
three strategies for detecting multicollinearity: (a) variance infl ation factors, (b) signifi cant 
model F but no signifi cant individual coeffi cients, and (c) rising standard errors in models 
with controls. And, we discuss strategies for addressing multicollinearity based on answers 
to two questions: Are the variables indicators of the same or different constructs? How 
strongly do we believe the two variables are correlated in the population versus our sample 
(and why)?  

    Part 4: The Generalized Linear Model 

   ■   Chapter 15 introduces the basic concepts of the generalized linear model and maximum 
likelihood estimation in the context of a continuous outcome. We look in detail at maximum 
likelihood for estimating the mean and estimating the intercept and slope based on the 
normal distribution. We discuss various other distributions and links for the generalized 
linear model. Estimating a proportion based on the binomial distribution is used as an 
example. We cover basic ideas of iterative solutions and convergence problems.  

  ■   Chapter 16 applies the basic maximum likelihood and generalized linear model concepts 
to models with dichotomous outcomes, specifi cally logit and probit models. We motivate 
how the models are derived and discuss how to estimate and test coeffi cients and how to 
interpret the results. We also cover basic concepts of percentage change and percentage 
points.  

  ■   Chapter 17 applies the basic maximum likelihood and generalized linear model concepts to 
models with multi-category outcomes, specifi cally ordered logit and multinomial logit. We 
focus on how to estimate and test coeffi cients and interpret results, using several examples 
from the literature and developed for the book.    
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  Part 5: Wrapping Up 

 The fi nal chapter provides a roadmap of topics that students may want to pursue in the future to 
build on the foundation taught in this book. The chapter organizes a range of advanced topics 
and briefl y mentions their key features and when they might be used (but does not teach how to 
use those techniques). Students are presented with ideas about how to learn these topics as well 
as gaining more skill with SAS and Stata (e.g., searching at their own or other local universities; 
using summer or other short course opportunities). The chapter also revisits the Literature 
Excerpts featured in the fi rst chapter of the book.   

  SOME WAYS TO USE THE BOOK 

 The author has used the complete textbook in a two-semester sequence with two 75-minute 
lectures and a weekly lab session. Typically, chapters can be covered in a week, although extra 
time is often taken with the earliest chapters in Part 2 (two weeks each on the basics of bivariate 
regression, the basics of multiple regression, dummy variables, and interactions). 

 To meet the needs of a heterogeneous pool of instructors and students, we provide comparable 
SAS and Stata commands for the same task throughout the book. Depending on the local 
resources and the expertise of the instructor and teaching assistant, however, the book can 
be used to teach only SAS, only Stata, or both. We also hope that putting the commands 
side-by-side helps students to see the similarities (and differences) between the two languages 
and helps to prepare students for the varied and often unexpected directions their interests may 
take them. Even when instructors use one package, the side-by-side presentation allows the 
most motivated students to implement both (during the sequence or after the sequence is 
completed). 

 With a few exceptions, each chapter has a common set of materials at the end: key terms, review 
questions, review exercises, chapter exercises, and a course exercise.

   ■   Key Terms are in bold within the chapter and defi ned in the glossary index.  
  ■   Review Questions allow students to demonstrate their broad understanding of the major 

concepts introduced in the chapter.  
  ■   Review Exercises allow students to practice the concepts introduced in the chapter by 

working through short, standalone problems.  
  ■   Chapter Exercises allow students to practice the applied skills of analyzing data and 

interpreting the results. The chapter exercises carry one example throughout the book 
(using the National Health Interview Survey) allowing students to ask questions easily of 
one another, the teaching assistant, and instructor as they all work with the same data set. 
The goal of the chapter exercises is to give students confi dence in working with real data, 
which may encourage them to continue to do so to complement whatever other research 
approaches they use in the future.  

  ■   The Course Exercise allows students to select a data set to apply the concepts learned 
in each chapter to a research question of interest to them. The author has used this 
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option with students who have more prior experience than the average student, who ask 
for extra practice because they know that they want to go on to advanced courses, or 
who are retaking the sequence as they begin to work on a masters or dissertation. 
The course exercises help students to gain confi dence in working independently with their 
own data.    

 Answers to the review questions, review exercises, and chapter exercises, including the batch 
programs and results for the chapter exercises, are available on the textbook web site (http://
www.routledge.com/textbooks/9780415875363). The data sets, programs, and results from the 
in-text examples are also available on the textbook web site.  
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