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Outline: Statistical Methods 

1. Software and Summary Statistics 
2. Biostatistical methods: 
 A. Hypothesis Testing 
 B. Power Analysis 
 C. Basic Statistical Tests 
3. What can a biostatistician do for you? 



Software: Database-Data Entry 

• Microsoft Excel 
• Access 
• REDCap 

 
 



Software: Data Analysis 

• Microsoft Excel 
• R 
• SAS/SPSS/Stata 
• JMP 
• Others(Prism, Matlab, etc.) 



Types of Variables 

• Dichotomous 
• Categorical 
• Ordinal 
• Continuous 
• Why do we care? 



Summary Statistics 
• Measures of Location 
 Mean, Median, Mode  
 
• Measures of Variability 
 Variance, Standard Deviation, Standard Error, 

Range, IQR 



Hypothesis Testing 

• The aim of hypothesis testing is to provide an 
analytical framework upon which to make 
conclusions about population based on the 
samples collected in the study. Two parts of 
hypothesis testing are: hypothesis and the test 
of that hypothesis. 
 



Types of Hypotheses 
• Research Hypothesis: a conjecture or supposition 

that motivates the research project. 
• Statistical Hypothesis: hypotheses stated in such a 

way as they may be evaluated by appropriate 
statistical techniques. 

Ex: Systolic blood pressure in older patients is greater 
than in younger patients.  

 Statistical translation: The mean sbp in older patients 
is greater than the mean sbp younger patients. 

 











Statistical Errors 

• We can never know if we have made a statistical 
error, but we can quantify the chance of making such 
errors. What are consequences of errors? 

• The probability of a Type I error = α 
• The probability of a Type II error = β 

 



Statistical Testing Terms 

• Terms: 
 1. P-value: The probability of observing a result as 

extreme or more extreme by chance alone. 
 2. Level of Significance: This is also called the α level. 

This is the p-value threshold for defining significance. 
Typically set to 0.05. This is our mechanism for 
controlling the likelihood of a Type I statistical error 

 3. Statistical Power. The probability of failing to 
reject when there is a difference. This is 1 – β. 
Typically set to 0.80.  



Statistical Power 

• The statistical power of a test is based upon: 
 1. Level of significance 
 2. Expected differences between the groups 

for the outcome measures 
 3. Amount of variability in the outcome 

measures. 
 4. The Sample Size typically this is the only 

element that we can control.  



Sample Size 

• For the simple case of a two group 
comparison the sample size required is based 
on the following: 

• N = (Cα + Cβ)/ effect size 
• Effect size is the difference between the 

groups divided by the amount of variability. 



Basic Statistical Tests 
Variables 
(Outcome) 
(Predictor) 

Dichotomous Categorical Ordinal 
 

Continuous 

Dichotomous 
(0/1), (M/F) 

Chi-Square/ 
Fisher-Exact 
Test 

Chi-Square Wilcoxon T-test/ 
Wilcoxon 
 

Categorical 
(Race, Education) 

Chi-Square/ 
Fisher-Exact 
Test 

Chi-Square Kruskal-
Wallis 

ANOVA 

Ordinal 
(Grades, Stage) 

Wilcoxon Kruskal-
Wallis 

Spearman 
Correlation 

ANOVA 

Continuous 
(BP, Age, Weight)  

T-test/ 
Wilcoxon/ 
Logistic 
Regression 

ANOVA/ 
Class 
Prediction 
 

Ordinal 
Regression 

Correlation/ 
Linear 
Regression 



Chi-square Test 

• Used to compare 
categorical variables 
between groups. 

• Example: Race 
• Test compares the observed 

frequencies to expected 
frequencies. 

• Expected frequencies based 
on assumption of no 
relationship.   
 

Observed 
Freq. 

High 
Dose 

Low 
Dose 

Younger 20 13 

Older 14 21 

Expected 
Freq. 

High 
Dose 

Low 
Dose 

Younger 

Older 
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Chi-square Test Comments 

• When more than 2 categories, does not 
provide an easily interpretable result. 

• When counts in a cell are small the test does 
not work well. 

• If sample size is small overall can use Fisher’s 
exact test instead. 



T-test 
• Used to compare continuous variables between 

groups. 
• Tests the hypothesis that the mean difference that 

we observe is greater than we would expect by 
chance alone. 

•  Test based on:  
 (difference in observed means)/(standard 

deviation/√n) 
 



T-test Comments 

• T-test assumes that the data are normally 
distributed. 

• If the data are very skewed or non-continuous 
this is a poor test to use. 

• Can log transform skewed data. 
• For paired observations (i.e. cross-over design) 

use paired t-test. 



Wilcoxon Rank Sum Test 

• Alternative to t-test. 
• Wilcoxon based on the ranks of the 

observations in the two groups. 
• Robust for non-normal data, semi-continuous 

or ordinal data. 
• Not quite as powerful as t-test. 



Example Article 



Table 1: Patient Characteristics 



Interpretation of Table 1 

• For continuous variables (ex. age) typically use 
t-test of Wilcoxon to compare across groups. 

• T-test if measure is approximately normally 
distributed (usually mean+/- SD) 

• Wilcoxon test if measure is skewed (usually 
median, IQR, range) 

• If SD>mean then measure is non-normal. 
• Chi-Square and Fisher’s Tests 



Time to Event Analysis 

Kaplan Meier Curves: 
 - Method for estimation of survival probability. 
 - Used to estimate median survival times 
 - Will often incorporate censoring information 

and number at risk 
 

  



Median Survival 
Estimates 



Log Rank Test 
 

Test comparing survival curves between groups 
Test is similar to Chi-square test. 
Test statistic is based on the difference between 

the expected number of events in a group 
across the time points versus the observed 
number of events.  
 



Kaplan Meier Survival Curves 



Cox Proportional Hazards Regression 

• Compute Hazard Ratio for predictors of time 
to event 

• Can have predictor variable of any type. 
• Often referred to as an adjusted analysis since 

we can control for additional prognostic 
factors in addition to treatment/marker 
effects. 





ANOVA 

• A statistical method to determine if the mean of an 
outcome measure differs across multiple levels of a 
predictor. Example: Income and Education 

High 
School 

College Graduate 

Income $23,000 ± 
$8,000 

$29,000 ± 
$12,000 

$36,000 ± 
$15,000 



ANOVA 

• Advantages: 
 1. Simple model that allows us to statistically 

assess differences across a grouping variable 
 2. Commonly used and understood. 
• Disadvantages: 

1. Assumes that the outcome variable is normally 
distributed. 

2. Does not allow us to make specific conclusions 
 



Regression Analysis 

• A general method to 
determine if two 
measures are related to 
each other. 

• Typically the models 
determine the relative 
increase in the outcome 
measure for each unit 
of increase in the 
predictor variables. 
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Regression Analysis 

• Advantages: 
 1. Simple model that allows us to statistically 

assess the relationship between variables 
 2. Commonly used and understood. 
• Disadvantages: 

1. Assumes a simple linear relationship. 
2. Assumes that the outcome variable is normally 

distributed. 
 



What can a biostatistician do for you? 

• Statistical Study Design 
 1. Experimental/Research Design 
 2. Sample Size 
 3. Statistical Methodology 

• Data Analysis 
1. Design Analysis Plan 
2. Look at the Data 
3. Carry out Analyses 



Statistical Study Design 

• Almost all clinical protocols and grant 
proposals that involve the testing of 
hypotheses require sections detailing the 
sample size justification and the statistical 
analysis plan. 



How to interact with a biostatistician 
(Power Analysis) 

• To perform a meaningful power analysis be 
prepared to bring at least one of the 
following: 

1. Background papers that discuss the outcome 
variables in similar situations. 

2. Pilot data. 
3. Good guesses. 

 
 



How to interact with a biostatistician (Data 
Analysis) 

• Understand your variables. 
• Check your data: 

1. Missing observations 
2. Inconsistent observations 
3. Edit out confidential information 

• Plot your data. 



Overview of CTSI Biostatistics Program 

• Biostatistical Consulting Services 
• Statistical Methodology Research 
• Statistics Education 



Expertise 

• 17 Faculty statisticians and 5 staff statisticians 
across the 4 partner institutions 

• Expertise in clinical trials, high throughput 
molecular studies, community studies 
methods 

• Consulting experience with investigators in all 
areas of medicine, dentistry, public health, 
nursing research 



Biostatistical Consulting Services 

• Data Analysis 
• Study Design 
• Clinical Epidemiology 
• Database and Data Management Services 
• Grant Application Preparation 



Data Analysis Services 

• Wide range of statistical data analysis services 
• Basic Statistical Analysis 

– Group level comparisons (T-test, Chi-square tests) 
– Regression analyses 

• Advanced Statistical Analysis Consulting 
– Clinical Trials 
– High Throughput Genomic/Proteomic Data 
– Observational Studies 
– Imaging Studies 



Data Analysis Services (cont.) 

• Manuscript Preparation Assistance 
– Constructing Tables and Graphs 
– Writing Statistics Methods Sections 
– Reviewing Results Sections 



Computational Biology 

• Analysis of High-Throughput Data 
– Expression microarray data 
– Next-gen sequence analysis 

• Galaxy data pre-processing 
• Statistical analysis 

– Proteomics, Metabolomics, etc. 



Study Design Consulting 

• Overall Study Design 
– RCT, Observational, Case-Control (matching?), 

High Throughput Molecular Studies 
• Outcome measures 
• Sample Size Estimation 

– Assistance with estimating needed number of 
subjects or samples to achieve high statistical 
power 

• Cohort Definition, Inclusion/Exclusion 



Clinical Epidemiology 

• CTSI Biostatistics Program has two faculty with 
expertise in clinical epidemiology 
– Study Design consultation 
– Data Analysis 
– Grant Preparation 



Database/Data Management 
Assistance 

• We provide basic database construction 
services (RedCap) 

• Data Entry 
• Data Management (data formatting, 

consistency checks, etc.) 



Grant Applications 

• Assistance with preparing grant applications 
– Study Design 
– Data Analysis Protocol 
– Sample Size and Power Analysis 
– Budgeting and Identifying Appropriate Statistical 

Collaborators (faculty and staff statisticians) 
• Substantial lead time is necessary for grant 

application assistance! 
• Assistance with K awards, foundation grants, R 

series and larger applications 



Biostatistical Consulting 

• CTSI program 
• Department of Medicine Statistics Core 
• SIStat 
• Biomathematics Department 
• iDRE (ATS) 
• Statistics Department 



How to get help 

• Contact CTSI Office of Investigator Services 
• Place service request on CTSI website: 

http://www.ctsi.ucla.edu/ 
• Contact me (David Elashoff): 

– delashoff@mednet.ucla.edu, x43346 

mailto:delashoff@mednet.ucla.edu
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