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      PREFACE          
 The study and use of statistics have come a long way since the advent of computers. 
Particularly, computers have reduced both the effort and the time involved in the sta-
tistical analysis of data. But this ease of use has been accompanied by some diffi culties. 
As computers became more and more profi cient at carrying out statistical operations 
of increasing complexity, the actual operations — and what they actually meant and 
did — became more and more distant from the user. It became possible to do a wide 
variety of statistical operations with a few lines or words of commands to the com-
puter. But the average student, even the average serious user of statistics, found the 
increasingly complex operations increasingly diffi cult to access and understand.  

  INTRODUCING EXCEL 
 Sometime in the late 1980s, Microsoft Excel became available, and with it came the 
ability to carry out a wide range of statistical operations — and to understand the opera-
tions that were being carried out — in a spreadsheet format. John ’ s fi rst introduction to 
Excel was a revelation. It came during his MBA studies and continued through his 
doctoral studies and even in his fi rst industry job. In fact, John quickly became some-
what indispensable in that fi rst industry job for the plain fact that he was the most 
profi cient of his peers at Excel. Through the years he found himself using Excel to 
complete all kinds of tasks (since he was too stubborn to learn to program properly). 
He discovered that Excel was not only a powerful statistical tool but also, more impor-
tant, a powerful learning tool. When he began to teach the introductory course in 
business decision modeling to MBA students, Excel seemed to him to be the obvious 
medium for the course.  

  SO HOW DID WE GET TO HERE? 
 At the time John started using Excel in his teaching, there were a few textbooks 
devoted to statistics using Excel. However, none fi t his needs very well so he wrote 
Spreadsheet Modeling for Business Decision Modeling. That was about the time John 
met David. David had earned his doctorate in Technology Management and had 
worked in the health care industry for more than 10 years (which ensures that the 
health care - specifi c examples and scenarios used in this book are appropriate). He dis-
covered the power of Excel ’ s statistical analysis functionality by using it to calculate 
the multiple regression and correlation analysis required for his doctoral dissertation. 
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xii   Preface

 Through his friend, Scott Bankard, John learned that the author of a successful 
text in the use of Excel to solve statistical problems in health care administration was 
looking for someone to revise that text. John and David approached the author, James 
Veney, and the three of them decided to work together on the revision.  

  INTENDED LEVEL OF THE TEXTBOOK 
 The original text was designed as an introductory statistics text for students at the 
advanced undergraduate level or for a fi rst course in statistics at the master ’ s degree 
level. It was intended to stand alone as the book for the only course a student might 
have in statistics. The same is true for the revised text and includes some enhance-
ments and updates that provide a good foundation for more advanced courses as well. 
Furthermore, since the book relies on Excel for all the calculations of the statistical 
applications, it was also designed to provide a statistical reference for people working 
in the health fi eld who may have access to Excel but not to other dedicated statistical 
software. This is valuable in that a copy of Excel resides on the PC of almost every 
health care professional. Further, no additional appropriations would have to be made 
for proprietary software and there would be no wait for the  “ stat folks. ”   

  TEXTBOOK ORGANIZATION 
 The revised edition of the text has been updated for use with Microsoft Offi ce Excel 
2007. It provides succinct instruction in the most commonly used techniques and shows 
how these tools can be implemented using the most current version of Excel for 
Windows. The revised text also focuses on developing both algebraic and spreadsheet 
modeling skills. Algebraic formulations and spreadsheets are juxtaposed to help develop 
conceptual thinking skills. Step - by - step instructions in Excel 2007 and numerous anno-
tated screen shots make examples easy to follow and understand. Emphasis is placed 
on model formulation and interpretation rather than on computer code or algorithms. 

 The book is organized into two major parts: Part One, chapters one through six, 
presents Excel as a statistical tool and discusses hypothesis testing. Part One intro-
duces the use of statistics in health policy and health administration related fi elds, 
Excel as a statistical tool, data preparation and the data display capabilities of Excel, 
and probability, the foundation of statistical analysis. For students and other users of 
the book truly familiar with Excel, much of the material in chapters two, three, and 
four, particularly, could be covered very quickly. 

 Part Two, which includes chapters seven through fourteen, is devoted to the sub-
ject of hypothesis testing, the basic function of statistical analysis. Chapter seven 
provides a general introduction to the concept of hypothesis testing. Each subsequent 
chapter provides a description of the major hypothesis testing tool for a specifi c type 
of data. Chapter eight discusses the use of the chi - square statistic for assessing data for 
which both the independent and dependent variables are categorical. Chapter nine, on 
t tests, discusses the use of the t test for assessing data in which the independent 
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Preface   xiii

 variable is a two - level  categorical variable and the dependent variable is a numeri-
cal variable. Chapter ten is devoted to analysis of variance, which provides an 
analytical tool for a multilevel categorical independent variable and a numerical 
dependent variable. Chapters eleven through thirteen are devoted to several aspects of 
regression analysis, which deals with numerical variables both as independent and 
dependent variables. Finally, Chapter fourteen deals with numerical independent vari-
ables and dependent variables that are categorical and take on only two levels and 
introduces the use of Logit.  

  LEADING BY EXAMPLE(S) 
 Each chapter of the book is structured around examples demonstrated extensively with 
the use of Excel displays. The chapters are divided into sections, most of which include 
step - by - step discussions of how statistical problems are solved using Excel, including 
the Excel formulae. Each section in a chapter is followed by exercises that address the 
material covered in that section. Most of these exercises include the replication of 
examples from that section. The purpose is to provide students an immediate reference 
with which to compare their work and determine whether they are able to correctly 
carry out the procedure involved. Additional exercises are provided on the same sub-
jects for further practice and to reinforce the learning gained from the section. Data for 
all the exercises are included on the Web at  http://www.josseybass.com/go/veney , and 
may be accessed by fi le references given in the examples themselves. 

 A supplemental package available to instructors includes all answers to the sec-
tion exercises. In addition, the supplemental package will contain exam questions with 
answers and selected Excel spreadsheets that can be used for class presentations, along 
with suggestions for presenting these materials in a classroom. However, the book can 
be effectively used for teaching without the additional supplemental material. 

 Users who would like to provide feedback, suggestions, corrections, examples of 
applications, or whatever else can e - mail me at krosj @ ecu.edu. The Web site for addi-
tional resources and information is http://www.josseybass.com/go/veney2e. 

 Please feel free to contact me and provide any comments you feel are appropriate.              
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3

CHAPTER

      1    
STATISTICS AND EXCEL          

   LEARNING OBJECTIVES 
■   Understand how this book differs from other statistics texts  

■   Understand how knowledge of statistics may be benefi cial to health policy or 
health administration professionals  

■   Understand the  “ big picture ”  with regard to the use of statistics for health 
policy and administration  

■   Understand the defi nitions of the following terms:  

■   Populations and samples  

■   Random and nonrandom samples  

■   Types of random samples  

■   Variables, Independent and Dependent      
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4   Statistics for Health Care Professionals

 Statistics is a subject that for many people is pure tedium. For others, it is more likely 
to be anathema. Still others fi nd statistics interesting, even stimulating, but they are 
usually in the minority in any group. 

 This book is premised on the recognition that in the health care industry, as indeed 
among people in any industry or discipline, there are at least these three different 
views of statistics, and that any statistics class is likely to be made up more of the fi rst 
two groups than the last one. This book provides an introduction to statistics in health 
policy and administration that is relevant, useful, challenging, and informative.  

  1.1 HOW THIS BOOK DIFFERS FROM OTHER STATISTICS TEXTS 
 The primary difference between this statistics text and most others is that this text uses 
Microsoft Excel as the tool for carrying out statistical operations and understanding 
statistical concepts as they relate to health policy and health administration issues. 
This is not to say that no other statistics texts use Excel. Levine, Stephan, Krehbiel, 
and Berenson (2007) have produced a very useable text,  Statistics for Managers Using 
Microsoft Excel . But their book focuses almost exclusively on non – health - related top-
ics. We agree that that the closer the applications of statistics are to students ’  real - life 
interests and experiences, the more effective students will be in understanding and 
using statistics. Consequently, this book focuses its examples entirely on subjects that 
should be immediately familiar to people in the health care industry. 

 Excel, which most people know as a spreadsheet program for creating budgets, 
comparing budgeted and expended amounts, and generally fulfi lling accounting needs, 
is also a very powerful statistical tool. Books that do not use Excel for teaching statistics 
generally leave the question of how to carry out the actual statistical operations in the 
hands of the student or the instructor. It is often assumed that relatively simple calcula-
tions, such as means, standard deviations, and  t tests , will be carried out on paper or with 
a calculator. For more complicated calculations, the assumption is usually that a dedi-
cated statistical package such as SAS, SPSS, STATA, or SYSTAT will be used. There are 
at least two problems with this approach that we hope to overcome in this book. First, 
calculations done on paper, or even those done with a calculator, can make even simple 
statistical operations overly tedious and prone to errors in arithmetic. Second, because 
dedicated statistical packages are designed for use rather than for teaching, they often 
obscure the actual process of calculating the statistical results, thereby hindering stu-
dents ’  understanding of both how the statistic is calculated and what the statistic means. 

 In general, this is not true of Excel. It is true that when using this book, a certain 
amount of time must be devoted to the understanding of how to use Excel as a statisti-
cal tool. But once that has been done, Excel makes the process of carrying out the sta-
tistical procedures under consideration relatively clear and transparent. The student 
should end up with a better understanding of what the statistic means, through an 
understanding of how it is calculated, and not simply come away with the ability to get 
a result by entering a few commands into a statistical package. This is not to say that 
Excel cannot be used to eliminate many of the steps needed to get particular statistical 
results. A number of statistical tests and procedures are available as add - ins to Excel. 
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However, using Excel as a relatively powerful — yet transparent — calculator can lead 
to a much clearer understanding of what a statistic means and how it may be used.  

  1.2 STATISTICAL APPLICATIONS IN HEALTH POLICY 
AND HEALTH ADMINISTRATION 
 When teaching statistics to health policy and health administration students, we often 
encounter the same question:  “ All these statistics are fi ne, but how do they apply to 
anything I am concerned with? ”  The question is not only a reasonable one, but it also 
points directly to one of the most important and diffi cult challenges for a statistics 
teacher, a statistics class, or a statistics text. How can it be demonstrated that these sta-
tistics have any real relevance to anything that the average person working in the 
health care industry ever needs to know or do? 

 To work toward a better understanding of why and when the knowledge of statis-
tics may be useful to someone working in health policy or health administration, we ’ ve 
selected six examples of situations in which statistical applications can play a role. All 
six of these examples were inspired by real problems faced by students in statistics 
classes, and they represent real statistical challenges that students have faced and 
hoped to solve. In virtually every case, the person who presented the problem recog-
nized it as one that could probably be dealt with using some statistical tool. But also in 
every case, the solution to the problem was not obvious in the absence of some under-
standing of statistics. Although these case examples are not likely to resonate with 
every reader, perhaps they will give many readers a little better insight into why 
knowledge of statistics can be useful. 

  Documentation of Medicare Reimbursement Claims 
 The Pentad Home Health Agency provides home health services in fi ve counties of an 
eastern state. The agency must be certain that its Medicare reimbursement claims are 
appropriately and correctly documented in order to ensure that Medicare will process 
these claims and issue benefi ts in a timely manner. All physician orders, including 
medications, home visits for physical therapy, home visits of skilled nursing staff, and 
any other orders for service, must be correctly documented on a Form CMS-485. 
Poorly or otherwise inadequately prepared documentation can lead to rejection or 
delay in processing of the claim for reimbursement by the CMS. 

 Pentad serves about eight hundred clients in the fi ve - county region. In order to assure 
themselves that all records are properly documented, the administration runs a chart audit 
of one in ten charts each quarter. The audit seeks to determine (1) whether all orders indi-
cated in the chart have been carried out and (2) if the orders have been correctly docu-
mented in the Form CMS-485. Orders that have not been carried out, or orders incorrectly 
documented, lead to follow - up training and intervention to address these issues and 
ensure that the orders and documentation are properly prepared going forward. 

 Historically, the chart audit has been done by selecting each tenth chart, com-
mencing at the beginning or at the end of the chart list. Typically, the chart audit 
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 determines that the majority of charts, usually 85 to 95 percent, have been correctly 
documented. But there are occasionally areas, such as in skilled nursing care, where the 
percentage of correct documentation may fall below that level. When this happens, 
the administration initiates appropriate corrective action.  

  Sampling, Data Display, and Probability 
 One of the questions of the audit has been the selection of the sample. Because the list 
of clients changes relatively slowly, the selection of every tenth chart often results in the 
same charts ’  being selected for audit from one quarter to the next. That being the case, 
a different strategy for chart selection is desirable. It has been suggested by statisticians 
that using a strictly random sample of the charts might be a better way to select them for 
quarterly review, as this selection would have a lesser likelihood of resulting in a review 
of the same charts from quarter to quarter. But how does one go about drawing a strictly 
random sample from any population? Or, for that matter, what does  “ strictly random ”  
actually mean, and why is it important beyond the likelihood that the same fi les may not 
be picked from quarter to quarter? These questions are addressed by statistics, specifi -
cally the statistics associated with sample selection and data collection. 

 Another question related to the audit concerns when to initiate corrective action. 
Suppose a sample of one in ten records is drawn (for eight hundred clients, that would 
be eighty records) and it is discovered that twenty of the records have been incorrectly 
documented. Twenty of eighty records incorrectly documented would mean that only 
75 percent of the records were correctly documented. This would suggest that an inter-
vention should be initiated to correct the documentation problem. But it was a  sample  
of the eight hundred records that was examined, not the entire eight hundred. Suppose 
that the twenty incorrectly documented records were, by the luck of the draw, so to 
speak, the only incorrectly documented records in the entire eight hundred. That would 
mean that only 2.5 percent of the cases were incorrectly documented. 

 If the required corrective action were an expensive fi ve - day workshop on correct 
documentation, the agency might not want to incur that expense when 97.5 percent of 
all cases are correctly documented. But how would the agency know from a sample 
what proportion of the total eight hundred cases might be incorrectly documented, and 
how would they know the likelihood that fewer than, say, 85 percent of all cases were 
correctly documented if 75 percent of a sample were correctly documented? This, 
again, is a subject of statistics.  

  Emergency Trauma Color Code 
 The emergency department (ED) of a university hospital was the site of diffi culties aris-
ing from poor response time to serious trauma. Guidelines indicate that a trauma surgeon 
must attend for a certain level of trauma severity within twenty minutes and that other 
trauma, still severe but less so, should be attended by a trauma nurse within a comparable 
time. In general, it had been found that the response time for the ED in the university hos-
pital was more or less the same for all levels of severity of trauma — too long for severe 
cases and often quicker than necessary, given competing priorities for less severe cases. 
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 The ED director knew that when a trauma case was en route to the hospital, the 
ambulance attendants called the ED to advise that an emergency was on its way. Part 
of the problem as perceived by the director of the ED was that the call - in did not dif-
ferentiate the trauma according to severity. The ED director decided to institute a sys-
tem whereby the ambulance attendants would assign a code red to the most severe 
trauma cases, a code yellow to less severe trauma cases, and no color code to the least 
severe trauma cases. The color code of the trauma would be made known to the ED as 
the patient was being transported to the facility. The intent of this coding was to ensure 
that the most severe traumas were attended within the twenty - minute guidelines. This 
in turn was expected to reduce the overall time from admission to the ED to discharge 
of the patient to the appropriate hospital department. (All trauma cases at the red or 
yellow level of severity are transferred from the ED to a hospital department.)  

  Descriptive Statistics, Confi dence Limits, and Categorical Data 
 A major concern of the director of the ED was whether the new system actually 
reduced the overall time between admission to the ED, treatment of the patient in the 
ED, and discharge to the appropriate hospital department. The director of the ED had 
considerable information about each ED admission going back a period of several 
months before the implementation of the new color - coding system and six months of 
experience with the system after it was implemented. This information includes the 
precise time that each trauma patient was admitted to the ED and the time that 
the patient was discharged to the appropriate hospital department. 

 The information also includes the severity of the trauma at admission to the ED on 
a scale of 0 to 75, as well as information related to gender, age, and whether the admis-
sion occurred before or after the color - coding system was implemented. The ED 
 director also has information about the color code assigned after the system was initi-
ated that can generally be equated to the severity score assigned at admission to the 
ED. Trauma scoring 20 or more on the scale would be assigned code red; below 20, 
code yellow; and not on the scale, no color.  

  Inferential Statistics, Analysis of Variance, and Regression 
 The question the ED director wishes to address is how she can use her data to deter-
mine whether the color - coding system has reduced the time that trauma victims spend 
in the ED before being discharged to the appropriate hospital department. At the sim-
plest level, this is a question that can be addressed by using a statistic called the  t  test 
for comparing two different groups. At a more complex level, the ED director can 
address the question of whether any difference in waiting time in the ED can be seen 
as at all related to changes in severity levels of patients before or after the color - coding 
scheme was introduced. She can also examine whether other changes in the nature of 
the patients who arrived as trauma victims before and after the introduction of the 
color - coding scheme might be the cause of possible differences in waiting time. These 
questions can be addressed by using regression analysis.  
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  Two Caveats of Statistics: Establishing a Signifi cant 
Difference and Causality 
 Two caveats regarding the use of statistics apply directly to this example. The fi rst is that 
no statistical analysis may be needed at all if the waiting time after the initiation of the 
color - coding scheme is clearly shorter than the waiting time before. Suppose, for exam-
ple, that the average waiting time before the color - coding scheme was three hours from 
admission to the ED to discharge to hospital department, and that after the initiation of 
the scheme, the average waiting time was forty - fi ve minutes. In this scenario, no statisti-
cal signifi cance tests would be required to show that the color - coding scheme was 
 associated with a clear improvement in waiting time. Furthermore, it is likely that the 
color - coding scheme would not only become a permanent part of the ED armamentar-
ium of the university hospital but would be adopted widely by other hospitals as well. 

 However, suppose that after the initiation of the color - coding scheme the average 
waiting time in the ED was reduced from three hours to two hours and fi fty minutes. 
A statistical test (probably the  t  test) would show whether 170 minutes of waiting was 
actually less, statistically, than 180 minutes. Although such a small difference may 
seem to have little practical signifi cance, it may represent a statistically signifi cant dif-
ference. In such a case, the administrator would have to decide whether to retain an 
intervention (the color - coding scheme) that had a statistical, but not a practical, effect. 

 The second caveat to the use of statistics is the importance of understanding that a 
statistical test cannot establish causality. It might be possible, statistically, to show that 
the color - coding scheme was associated with a statistical reduction in waiting time. 
But in the absence of a more rigorous study design, it is not possible to say that the 
color - coding scheme actually  caused  the reduction in waiting time. In a setting such as 
this, where measurements are taken before and after some intervention (in this case, 
the color - coding scheme), a number of factors other than the color - coding scheme 
might have accounted for an improvement in waiting time. 

 The very recognition of the problem and consequent concern by ED physicians and 
nurses may have had more effect on waiting time than the color - coding scheme itself. 
But this is not a question that statistics, per se, can resolve. Such questions may be 
resolved in whole or in part by the nature of a study design. A double - blind, random clini-
cal trial, for example, is a very powerful design for resolving the question of causality. 
But, in general, statistical analysis alone cannot determine whether an observed result 
has occurred  because of  a particular intervention. All that statistical analysis can do is 
establish whether two events (in this case, the color - coding scheme and the improvement 
in waiting time) are or are not independent of each other. This notion of independence 
will come up many more times, and, in many ways, it is the focus of much of this book.  

  Length of Stay, Readmission Rates, and Cost per 
Case in a Hospital Alliance 
 The ever - increasing costs of providing hospital services have sparked a keen interest 
on the part of hospital administrators in practical mechanisms that can account 

ch001.indd   8ch001.indd   8 7/8/09   4:18:20 PM7/8/09   4:18:20 PM


