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Foreword

Global developments in medicine and health shape trends in medical education. And
in China education reform has become an important focus as the country strives to
meet the basic requirements for developing a medical education system that meets
international standards. Significant medical developments abroad are now being
incorporated into the education of both domestic and international medical students
in China, which includes students from the districts of China’s Hong Kong, Macao
and Taiwan that are taught through mandarin Chinese as well as students from a
variety of other regions that are taught through the English language. This latter

group creates higher demands for both schools and teachers.

Unfortunately there is no consensus as to how to improve the level and quality of
education for these students or even as to which English language materials should be
used. Some teachers prefer to directly use original English language materials, while
others make use of Chinese medical textbooks with the help of English language
medical notes. The lack of consensus has emerged from the lack of English language
medical textbooks based on the characteristics of modern medical education in

China.

In fact, most Chinese teachers involved in medical education have already attained
an adequate level of English language usage. However, English language medical
textbooks that reflect the culture of the teachers would in fact make it easier for these
teachers to complete the task at hand and would improve the level and quality of
medical education for international students. In addition, these texts could be used
to improve the English language level of the medical students taught in Chinese. This
is the purpose behind the compilation and publishing of this set of English language

medical education textbooks.

The editors in chief are mainly experts in medicine from Capital Medical University

(CCMU). The editorial board members are mainly teachers of a variety of subjects



from CCMU. In addition, teachers with rich teaching experience in other medical
schools are also called upon to help create this set of textbooks. And finally some

excellent scholars are invited to participate as final arbiters for some of the materials.

The total package of English medical education textbooks includes 63 books.
Each textbook conforms to five standards according to their grounding in science;
adherence to a system; basic theory, concepts and skills elucidated; simplicity and
practicality. This has enabled the creation of a series of English language textbooks
that adheres to the characteristics and customs of Chinese medical education. The
complete set of textbooks conforms to an overall design and uniform style in regards
to covers, colors, and graphics. Each chapter contains learning objectives, core
concepts, an introduction, a body, a summary, questions and references that together

serve as a scaffold for both teachers and students.

The complete set of English language medical education textbooks is designed for
teaching overseas undergraduate clinical medicine students (six years), and can also
serve as reference textbooks for bilingual teaching and learning for 5-year, 7-year and

8-year programs in clinical medicine.

We would like to thank the chief arbiters, chief editors and general editors for their
arduous labor in the writing of each chapter. We would also like to acknowledge all
the contributors. Finally, we would like to acknowledge Higher Education Press. They
have all provided valuable support during the many weekends and evening hours of

work that were necessary for completing this endeavor.

President of Capital Medical University

Director of English Textbook Compiling Commission
Zhaofeng Lu

August 1st, 2011



Preface

Medical statistics is an applied science which combines theory of statistics with
medical science. It is an indispensable theoretical science to conduct scientific
research and a mandatory course for all medical majors in universities. Currently,
although there are many publications about medical statistics and manuals of
statistical software, most of the textbooks of medical statistics emphasize on the
theoretical aspects and lack of straight and thorough introduction of statistical
software. Also, most of the manuals of statistical software mainly focus on the
introduction of the software while lack concepts and theory of statistics. This
textbook combines statistical methods with the common manipulation of SPSS

software, which makes up the shortcomings mentioned above.

There are thirteen chapters in this textbook: Introduction to Medical Statistics; Tables
and Graphs; Descriptive Statistics of Continuous Variables; Descriptive Statistics
of Categorical Variables; Inferential Statistics—Confidence Intervals; Inferential
Statistics—¢ Tests; Analysis of Variance; Chi-square Test; Non-parametric Statistics;
Correlations and Simple Linear Regressions; Multiple Linear Regression; Logistic
Regression; Study Design, Sample Size Estimation and Selection of Statistical
Methods. In addition, this book has several appendices, including tables of probability
distributions and comprehensive self-test. Authors referred to a lot of books and
information related to theories and exercises of medical statistics, as well as the
manual of SPSS software during writing this book. This textbook has the following
characteristics compared to others. First, it introduces basic concepts, principles
and methods of medical statistics systematically and practically, especially in the
statistical design of the experiment in terms of the specific problems, adequate use of
statistical methods based on actual data and the reasonable explanation for statistical
results. Second, flexible, convenient and user-friendly SPSS is applied, saving a lot of
statistical computation work and time for learners; thus, students can focus on the
deep understanding of statistics. Lastly, we tried to emphasize the application and

generalization of statistical methods, and combine these methods with the modern



statistical theory, such as sequential contingency table and multivariate statistical

modeling.

I appreciate the help and guidance from Fuhua Xian, Vice President of Capital
Medical University, and Li Fu, Dean of Department of Academic Affairs of the
university, both are in charge of the publication of this book. Also, I am grateful
to those who participated in compiling this book. Thanks for the advice given by
the Dean of Wei Wang and Secretary Aimin Guo of the School of Public Health of
Capital Medical University. Thanks to the associate editors of Professor Shicheng
Yu and Associate Professor of Xinghua Yang and academic secretary Xia Li. The
postgraduate students Wei Wang, Lixin Tao, Lei Pan, Da Huo, Xiangtong Liu, Chao
Wang, et al have contributed to checking and typesetting. At last, I appreciate the

support from my family.

Although we are aiming at the innovation of the content and application of statistics
in this textbook, mistakes are unavoidable since our knowledge is limited. We will
appreciate any comments and suggestions towards the book so as to improve it for

the second edition. Please contact me at guoxiuvh@ccmu.edu.cn. Thanks!

Professor Xiuhua Guo

January, 2013



Contributors

Dan Feng 4 #&

Institute of Hospital Management PLA General Hospital

Beijing, China
Chapter 7
Xiang Guo 3 #

Peking University Clinical Reasearch Institute

Beijing , China

Chapter 12

Xivhua Guo 3k % %

School of Public Health

Capital Medical University, Beijing, China
Chapter 11

Hong He #Aeo#r

School of Sociology & Population Studies
Renmin University of China, Beijing, China
Chapter 9

XiaLi %%

School of Public Health

Capital Medical University. Beijing, China
Chapter 10

Fen Liu |4

School of Public Health

Capital Medical University, Beijing, China
Chapter 2

Yanxia Luo ¥ #4%

School of Public Health

Capital Medical University, Beijing, China
Chapter 8

Manshu Song R % %

School of Public Health

Capital Medical University, Beijing, China
Chapter 6

Youxin Wang £ % {5

School of Public Health

Capital Medical University, Beijing, China
Chapter 4

Lijuan Wu £ Z 4§

School of Public Health

Capital Medical University, Beijing, China
Chapter 3

Yuxiang Yan &% #

School of Public Health

Capital Medical University, Beijing, China
Chapter 5

Xinghua Yang 4524

School of Public Health

Capital Medical University, Beijing, China
Chapter 13

Shicheng Yu F % &

Division of Health Statistics National Center for Public Health
Surveillance and Information Services
Chinese Center for Disease Control and Prevention (China
CDC), Beijing, China

Chapter 1

Ling Zhang %%

School of Public Health

Capital Medical University, Beijing, China
Chapter 8

Huiping Zhu 4t % #

School of Public Health

Capital Medical University, Beijing, China
Chapter 3



CONTENTS

Chapter 1 Introduction to Medical Statistics ........................................................................ 1
1.1 Definition of Medical StatiStiCs «xrsssteesssarearettatnstnsassatsnssanastssasassnssssssssissetsstssssssiasessasssesnsansns 1
1.2 Variables and Types Of 1D B R R R T 2
1.3 Probabilities .................................................................................................................. 3
1.4 Populations and Samples ................................................................................................ 3
1.5 Errors and Residuals ...................................................................................................... 4
1.6 Steps of Statistical WOTK  reeereererretitmiimiiiiiiiieiiiiiiiiiiiittietiierisiieteistiietisiassstcssctietassasnasscss 4

C]lapter 2 Tab]es and Graphs ............................................................................................. 6
T T 1 T SR PTT 6
2. 2 Graphs ........................................................................................................................ 8

Chapter 3 Descriptive Statistics of Continuous Variables ................................................... 26
3. ] INtrOdUCTION  rrseeersrreresneentunnsusnusesessesonenseasesseeassessasasssstossasoosnsssssasnesssnssostssssssssesasssssnsans 26
3.2 Distribution ............................................................................................................... 27
3.3 Measures Of | ook L0 ) s R LR R R R P PP P PP PP PP PR PP 29
3.4 Measures Of VAriatiOn ceceseceteescrtnnnmomnnriaieruaeieteaeteeenerannessansstonasstssnsstsassassasstsnsiesasnsssansss 30
3.5 Application of Normal Distribution  seseeseeeseessesstisastecusseosasionsssaserasssusatssassssassnnsssssssassnsssansss 31
3.6 Application .................................................................................................................. 32

Chapter 4 Descriptive statistics Of Categorical Variables ................................................... 35
4.1 TntroOdUCHION  s+ereeereseressoasusetasoracasesssasesssssssssesssssssssssssraasasasasssasesssastsssassssssatonssatssasssonssos 35
4.2 Ratios, Frequency and Intensity ....................................................................................... 36
4.3 Crude Death Rate and Standardization .............................................................................. 36

Chapter 5 Inferential Statistics—-Conﬁdence Intervals “””“”“”“““‘“““”‘, ........................... 41
5.1 Introduction ............................................................................................................... 41
5.2 t-distribution and Binomial Distribution .............................................................................. 41
5.3 Central Limit Theorem ................................................................................................... 44
5.4 Confidence Intervals ...................................................................................................... 44

Chapter 6 Inferential Statistics—-t—tests .............................................................................. 47
6.1 Introduction ............................................................................................................... 47
6.2 Hypothesis Testing ...................................................................................................... 48
6.3 ()ne~sample F-TE@ST  #rereeseneneaneeneerasataseeasosesnessessesanaseneasasssasssnssssessssssnststsnssaratasstasaserasnsorssen 49
6.4 Two—sample e Rt SR LR R R R D R S S 51
6.5 Paired-sample e =t TR R T T P R PR 52
6.6 F-test fOI' Equal Variances Of Two Groups Of 1D B R R P PR TR 53
6.7 TWO Types Of Error and Power ceocrrrrermmermiimiiiiiii ittt ittt ittt ettt sttt ea s sanes 53
6.8 Application .................................................................................................................. 54

Chapter 7 Analysis Of Variance ....................................................................................... 61
7.1 Introduction ............................................................................................................... 61
7.2 BaSiC Idea Of AN()VA ................................................................................................... 62



7.3 One-way Analysis of VATIance ====++«+seesssssssetetmmmmmimnttiiiitt i s 63
7.4  Mutiple COMPATISONS  ++sreeeseseesmmmnsses ettt e b s b e s s s st s st 67
7.5 Randomized Block Design ANOVA  «eeerreeermrmmt ittt saesas st 68
o6 APPLICALION #+veessssemmmesrr e ettt et 71

[OTIPTII ] Chi-square Test -+ eesseeseessensensmmstest sttt 79
2. 1 Il'ltl'OdLlCtiOl’l ............................................................................................................... 79
8.2 Two Independent Samples Chi-square Test +++ssssssrersssmsetimtiiiin s 80
8.3 Paired Design Chi-square Test — ++ssssssssesummntmmun ittt e s 83
8.4 Chi-square Test for RXC Tables  cereereserermetmiiiiiieiiiiit i iiiiiaie e ieaiiiees st eitiire s tsanrinas 85

[T ] NONPArAMEric SEAtISHCS  «vorsosesrssssssssstisestss ittt 90
9.1 Introduction ............................................................................................................... 90
0.2 Wilcoxon's Matched Pairs TESt +eereeseesreereneseutmetaumttttittitititeetitiitatria sttt 91
9.3 Tests Of Differences Between Two Groups ........................................................................ 94
9.4 Tests of Differences Between £ Groups (Independent Samples) «xseeeeererseanrumniniiiiniiiiii... 97

Chapter 10 Correlations and Simple Linear chressions ................................................... 104
10. ]_ Introduction ............................................................................................................ 104
10. 2 Correlation ANalysis «+«sesssssrssesseemmstmtmtmtnet ittt it 105
10.3  Application of Correlation Analysis —++-sssssssssssssesmmsestsmmtiieaiiittii 107
10. 4 Simple Linear RegressiOns  =s+esctresrtsoucttautttiuettetutonientoeuatasrutesetasannteiottotsstrasnttionatoannsons 110
10,5  APDHCALION +sonesesanesssnsss samons vavuss sosns s dsmas s sonos s sbnas saosss soasen sussnsadhss s shns oo vaves s savas s ianas swome 111

Chapter 11 Multiple Linear Regression ........................................................................... 114
11.1 II’ltI’OdUCtiOI’l ............................................................................................................ 114
11.2 Concepts in Multiple Linear Regression «««=:seesssssessscrnenssorsssasasssnnonssasassssnnsssssassnansssaassssves 114
11.3 Principles of Multiple Linear Regression «++sscsssseesesseceseussssanentnssaesonmnsessssssesesnassanssssssnses 115
11,4 ADPlICAtION =+« sosesssnsessusnsnenansssossssussssssosssonans sonsns sasans sasons sasasssonats oo aassns sussnsssnnnnssnsssnnns 117

Chapter 12 Logistic Regression ....................................................................................... 123
12 1| TiifFrdRchnn  sos s rereseaEs S § Fans SHiaD FOGE sldih s vl s el | SAH Theass SReian SOan 123
12. 2 Concepts Of Logistic Regresslon .................................................................................... 123
12.3 Principles of Logistic Regression —«eeessssseessssestmuuissmsuncsimnessssnneessssssunsssssnssssssnnnsosssmanssasenss 124
12.4  ApDplications  sssesssssessasensessassmssssnnses sosisns avssas sososs sosnansoaess sasnss 4seva s vuens s aansenosone nssnassren savson 126

(OS] Study Design, Sample Size Estimation, and Selection of Statistical Method ~ «-+----+- 132
13.1 Introduction ............................................................................................................ 132
13.2 Design Of Observational Studies .................................................................................... 133
13.3 Design Of Experimental Studies .................................................................................... 135
13 4 Sample Size ............................................................................................................... 138
13.5 Selection of Statistical Methods seecresmsessanssssaiistotsssnssanossesnnnsssannssssessssanesiossssveoncssavssssans 140
Appendix I Normal DiStI‘ibUtiOl’l ....................................................................................... 143
Appendix H A Distribution ................................................................................................ 144
Appendlx ]]] F Dlstrlbution(Homogenelty Test Of Variances) ................................................... 145
Appendix N F Distribution(Analysis Of Variance) .................................................................. 146
Appendix V q Distribution ................................................................................................ 150
Appendix VI XZ st biin memsuvsens rovens gaves SHEEs souush SEEEY TITE RS SRR Sonk v el | ERER FIRR eaE USRGE T ¢ 151
Appendix Vl] T Distribution(Paired Design Slgned Rank Test) ................................................... 152

Il



Appendix VI T Distribution(Wilcoxon Mann-Whitney Test, Smaller T Value) «=eereereerreeeieieieiiannn. 153
Appendix [X H Distribution( Kruskal-Wallis H Test) s=eeeeereeeasnteennmmsnutiimtainiiiniieiaeiiiasioiieiiinn. 154
Appendix X 7 DiStribution  seeseeeessessne it s 155
Appendix XI ~ DIStIIDULION v+ v v eveessassennnsetessiiomentstsiistorsisisisatetsietsnstesiesannntmessnnnsaeasinansessosanes 156
Appendix XI Random Digits Table ceeereeereereetmetimmiiiiiiaiiiiiiiiiiiiiiitiiiiiiiiiisiisaeisatastaasatenasaas 157
Appendix {I Comprehensive SElfotest oereenerranntesosnctannisisnntesenisssioasnssianssbinstaestesteasesisessiaasssanans 158
Appendix XIV An Introduction to SPSS and its Application of Basic Statistical Methods ««+«=sssseeeeeeeeee 160



e e

D O W N =

Definition of Medical Statistics
Variables and Types of Data
Probabilities

Populations and Samples
Errors and Residuals

Steps of Statistical Work

Statistics is the science of collecting, analyzing, and inter-
preting data. The objective of this chapter is to introduce basic
statistical concepts, such as variables, types of data, probabili-
ties, populations and samples. Students should also understand
the steps of statistical work after finishing this chapter.

Quantitative data and qualitative data; Continuous varia-
bles and discrete variables; Ordinal variables; Categorical vari-
ables; Probabilities; Populations and samples; Parameters and
statistics.

Definition of Medical Statistics

Medical statistics plays a key role in medical research, evidence-
based medicine, and evidence-based public health policy making.
In medical research, data must be collected and analyzed in order
to answer a specific research question. During this process medical
statistics provides knowledges of the study design, data collec-
tion, data management, data analysis, and interpretation of the
results. Before a new drug, treatment, or device can be marke-
ted, an experimental study or quasi-experimental study must be
conducted to evaluate the effectiveness and safety of the new
health technique and service. In addition, many other questions
need to be addressed. What major health problems are current-
ly present in the region? From where do increases in healthcare
spending originate? Where should a government invest its re-
sources if it wishes to reduce the rate of birth defects? What are
the effects of workplace health and safety on the nurses’ em-
ployment rates? What types of services are used by long-term
home care users, and how has this service changed over time?
What factors are associated with the increased risk of ischemic



2 Chapter 1 Introduction to Medical Statistics

heart disease (IHD)? To answer these questions and
many others, methods and skills of medical statistics
are essential. Most importantly, researchers can in-
form policy makers and influence public health poli-
cy making with evidence from the research, analy-
sis, data series, and evaluation, in which medical
statistics plays an important role.

Statistics is the science of collecting, organi-
zing, analyzing, and interpreting numerical facts
that we call data. It also involves planning a study in
terms of principles of the study design, such as sur-
veys and experiments. Biostatistics is the application
of statistics to a wide range of topics in biology. The
science of biostatistics involves (D) the design of bio-
logical experiments, especially in medicine and agri-
culture; @ the collection, summarization, and
analysis of data from those experiments; @) the in-
terpretation of, and inference from, the results. As
opposed to biostatistics, medical statistics involves
applications of statistics to medicine and health sci-
ences, including epidemiology, public health, foren-
sic medicine, and clinical research. Simply, medical
statistics is the practice of statistics in medical sci-
ences.

Variables and Types of Data

A set of numbers is composed of data that have been
manipulated to obtain an average or a graph to gain
insight into the data. To do so, classifying data and
identifying types of data are essential for thoroughly
understanding the context of data.

A variable is a characteristic of interest about
each individual element of a population or sample.
Variables could be weight, age, blood pressure, or
occupation, and many other things. Variables can be
classified as dependent variables and independent
variables. Dependent variables are dependent on the
independent variables. For example, several re-
searchers wish to determine how high density lipo-
protein (HDL) cholesterol may influence the risk of
an individual for developing IHD. The level of HDL
cholesterol is the independent variable. The ob-
served result of the development of THD is the de-
pendent variable, since HDL cholesterol is causally
associated with the development of THD. In this
context, an independent variable is also referred to
as an “explanatory variable” or a “predictor varia-
ble”; a dependent variable is also known as a “re-
sponse variable” or an “outcome variable”.

A variable takes a number or quantity as its val-
ue. If a person weights 76 kilograms (kg) , the value
of the variable weight is 76 kg.

A survey or experiment yields a set of data ran-
ging from a few measurements to thousands of ob-
servations. Table 1-1 shows aggregated data of
hand-foot-mouth disease (HFMD) cases in Beijing
from September 1, 2010 to September 7, 2010. Dur-
ing that one-week period of time, there were 563
HEMD cases reported to the China CDC through the
National Disease Reporting Information System

(NDRS).

Table 1-1 Reported HFMD cases during a
one-week period in Beijing

Areas Cases Deaths With severity
District 542 2 12
County 21 3 12
Total 563 b 24

Tables, graphs, and numerical summary meas-
ures can all be used to present data; the table above
is a summary of descriptive statistics. However, the
type of data must first be determined prior to the
presentation of the data. The types of data are usu-
ally defined as either quantitative or qualitative data.

Quantitative variables take numerical values
that arithmetic operations can be applied to; they are
further divided into two types: continuous and dis-
crete variables. The following table (Table 1-2)
presents the individual records for the HFMD cases
from the data in Table 1-1. In Table 1-2, age is a
continuous variable, since it takes numerical values
and arithmetic operations can be applied to it. For
example, the average age and difference of ages be-
tween the two groups could be calculated from the
data. A discrete variable only takes integers, such
as the number of patients in a hospital in January,
the number of newborns in a county, and the num-
ber of injuries that a person sustained in the last
three months, etc.

Qualitative data also consist of two types of var-
iables: categorical and ordinal variables. Categorical
variables describe the data in terms of some qualities
or categorizations, including well-defined aspects of
the variable (e. g. gender, nationality, ethnicity,
yes or no, life or death, pass or fail). Severity, an-
other type of qualitative variable, is denoted as
mild, moderate, or severe in Table 1-2. It is known



as an ordinal variable, since serious order of mild,
moderate, and severe cases exists.

Table 1-2 Individual HFMD cases reported to the
China CDC during a one-week period in Beijing

ID Age (years) Gender Severity  Lab-confirmed
1 5 Female Mild No
2 3 Female Mild No
3 1 Male Moderate No

562 T Male Severe Yes

563 9 Female Mild No

Probabilities

The result of an observation or experiment is an
event or basic element to which probability can be
applied. An outcome of the lung cancer, whether a
student passes an examination, and whether a 40-
year-old man lives in the next 5 years are all events.
Uppercase, or capital, letters usually represent such
events. There are several operations that can be per-
formed on the event.

The intersection of two events, A and B, is de-
noted by A B, and defined as the event “both A
and B” (as shown in Figure 1-1a). Let A represents
the event that a man has a stomach cancer; let B re-
presents the event that the same man’s wife suffers
from a stomach cancer as well. The intersection of
events A and B would be the event that both the
man and his wife sustain stomach cancers.

The union of two events, A and B, is denoted
by AUB, and defined as the event “both A and B”
or “either A or B” (as shown in Figure 1-1b). In the
example mentioned above, the union of events A and
B would be the event that either the man or his wife
has a stomach cancer, or that they both have stom-
ach cancers.

The complement of an event, A, is denoted A
(as shown in Figure 1-1c). The complement is the
event that is “not A”. Event A indicates that the
man has the disease, so the complement of event A,
denoted as A, indicates that the man does not have
the disease.

1.4 Populations and Samples 3

Venn diagrams showing the
operations of events

Figure 1-1

After numerous repeated trials under virtually
identical conditions the probability of an event A is
the relative frequency of the occurrence according to
the frequentist definition. If an experiment is repeat-
ed n times under essentially identical conditions, and
if an event A occurs m times, then as n grows lar-
ger, the ratio of m to n approaches a fixed limit re-

ferred to as the probability of event A P(A)=%.
The probability of an event takes a numerical
value that lies between 0 and 1. A value of 1 indi-
cates that a particular event occurs in each of the n
trials and that the probability is n/n=1. If an event

can never happen, it has a probability of 0/2=0.
Populations and Samples

The main use of medical statistics is to infer infor-
mation about the population from samples taken
from that population. The key components are sam-
pling methods representative of the population and
the statistical technique. The population is a collec-
tion of similar people, observations, or measure-
ments, in which certain subjects can be sampled to
infer a property or attribute of the population. For
instance, Chinese adults living in China, 12-year-old
students in Beijing, or patients with diabetes melli-
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tus in Shanghai all are populations,

Sometimes, the number of subjects or individu-
als in a population might be too large, so a sample of
that population is selected. The purpose of sampling
is to select and study a part of the population to infer
information for the whole population. A sampling
survey of 2%, of the population across China was
conducted in 2006 in order to get an idea of the
prevalence and distribution of visual, hearing,
speech, physical, intellectual and mental disabilities
among Chinese people.

The values or numbers calculated from the pop-
ulation are often called parameters, and those de-
rived from the sample are referred to as statistics.
Parameters are notated by Greek letters, such as y,
oy p. Statistics are represented by Latin letters,
such as T, s, r, which correspond to the parameters
above. -

Errors and Residuals

In statistics, the term error, or the statistical error,
is the deviation of the observed value from the true
value or the expected value that cannot be meas-
ured. It is the amount that an observation differs
from its expected value that is based on the entire
population. For example, if the mean weight in a
population of male adults is 73.5 kg (x), and a
man’s weight from the randomly chosen sample is
73.0 kg (x;), then the error is —0.5 kg (z; —p).
In fact, the population mean of weight (,,=73. 5 kg)
for male adults cannot be observed through measure-
ment; therefore the error cannot be determined ei-
ther. Often, the expected value or true value is con-
sidered as an accepted value or a given true value,
such as the value from published literatures, or a
value from a census or a national survey.

Another term of residual or fitting error is a
measurable estimate of the unobservable statistical
error. From the previous example of male adults’
weight, a random sample with n subjects is chosen,
and the sample mean (Z) could be viewed as a good
estimator of the population mean of weight; then the
difference (x;—x) between the weight of a male adult
(z;) from the sample and the sample mean of weight
(z) is referred to a residual. Through the difference
(x;—=) or residual we could have an insight into the
quality of data and errors of the measurement; moreo-
ver, residual is employed to calculate the variance and
standard deviation for a randomly chosen sample.

There are two types of errors: stochastic errors
and non-stochastic errors. In a measurement, the
stochastic error or random error is the one that is
randomly occurred from one measurement to the
next measurement. Some stochastic errors could be
identified and controlled for the measurement, such
as sampling errors. Non-stochastic errors are com-
posed of systematic errors and non-systematic er-
rors. The values from the systematic error are con-
stant or changes according to a certain rule. Bias is
one of the systematic errors; it is stemmed from some
non-experimental factors in clinical trials, and it can
distort true effect of the treatment in the experiment.
Non-systematic errors are caused by occasional errors
from researchers during the experiment.

Steps of Statistical Work

The entire process of statistical work contains four
steps: statistical design, data collection, data man-
agement, and data analysis. All of the above steps
are important and none of them can be ignored,

Statistical design is the first step of statistical
work, and is also a key step in medical research. It
guides the data collection and data analysis on the
right track. In this stage, the study must be careful-
ly devised and arranged in terms of the principles of
the study design, especially for sampling, sample
size, data collection, quality control, statistical
method, as well as organization and implementation
of the plan.

Data collection is the basis of statistical work.
Its purpose is to collect reliable original data based
on the statistical design. Data can be characterized
as routine data or one-time collected data. The crite-
ria of data are required for accuracy, completeness,
timeliness, comparability, and usability.

Data management involves checking, correc-
ting, and manipulating data to eventually make the
data systematic, logical, and usable for analyses.

Data analysis, the last step of statistical work,
involves statistical descriptions and inferences. A
descriptive statistics describes the properties and
distributions of the data using summary measure-
ments, such as mean, standard deviation, frequen-
cy, and percentiles. A statistical inference involves
inferring some attributes of the population using the
information from samples under a certain confidence
level or probability.



