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General Research Flow
Research Plan

Presentation and publication

Interpretation of results

Data analysis

Data processing

Data collection

Determination of study design

What is your clinical hypothesis?

Which data on which patients are collected?

Prospective? Retrospective? Single group? Randomized?

What is the next study?

Clinical hypothesis addressed? What are the limitations of the study?

Are there differences between groups? Is XX a prognostic factor?

Any unusual data? How do we present the data?
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Lecture Content
• Precautions before analyzing data

- Be suspicious of the entered data
- Traps in Excel data

• Summarizing continuous variable data with one variable
- Histogram
- Summary statistics

• Summarizing continuous variable data with two variables
- Scatter plots and correlation coefficients
- Cutoff for continuous variable data

• How to summarize categorical data
- Contingency table

• Analysis of population and patient flow diagram
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Precautions to Take Before Analyzing Data

Avoiding Common Pitfalls Before Statistical Analysis



Secondary use of any contents of this site for commercial purposes is prohibited. ICRweb: https://www.icrweb.jp/icr_index.php?lang=en

Is the Entered Data Correct in the First Place?
• When a researcher enters data into a computer, input errors cannot be 0%.

- The reported input error per field is 0.5% – 6.9%.
• Neaton, James D., et al. Statistics in medicine 9.1-2 (1990): 115-124.
• Norton, Susan L., et al. Computers and Biomedical Research 14.2 (1981): 179-198.
• Kronmal, Richard A., et al. Computers and Biomedical Research 11.6 (1978): 553-566.

- A significant difference exists between veteran data managers and ordinary clinicians.
• by Dr. Fukuda@JCOG DC

• What we do at the data center for clinical study
- Double entry (two persons enter data separately and check if they match)
- Reading review (one people enter data and check if the data matches the original data 
[medical record and CRF])
- Double entry reduces more entry errors than reading review but takes more time.

• Kawado, Miyuki, et al. Controlled clinical trials 24.5 (2003): 560-569.
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Differences in Operating Systems: 
Receiving Data in Excel on a Mac

• Data include many dates in the 
future!

• Data provider confirms that 
the data was entered correctly.

• Why did this happen?
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Macs and Windows Have Different Date Systems

Windows settings
Base date: 1900/1/1 counted as 1

Mac settings
Base date: 1904/1/1 counted as 0
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[File] → [Options] → [Advanced settings]

If this check box is checked,
the data set will be Mac-
compatible
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Summarizing Continuous Variable Data with One Variable

Before performing t-test and Wilcoxon rank sum test



Secondary use of any contents of this site for commercial purposes is prohibited. ICRweb: https://www.icrweb.jp/icr_index.php?lang=en

Outcome Types and Statistical Methods

Continuous variable Binary (0/1) Survival time

Outcome examples Blood pressure level
Clinical laboratory values

Response rate
Adverse events rate

Overall survival
Progression-free 

survival (PFS)
Data summarization 
methods

Histogram
Scatter plot Contingency table Kaplan–Meier curve

Group comparison 
(test)

t-test
Wilcoxon rank sum test

Chi-square test
Fisher’s exact test Log-rank test

Model fitting Multiple regression 
analysis Logistic regression Cox regression
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Visualize and Summarize Data before Testing!

Visualization
• Graphs

- Histogram
- Box plot

Summary statistics
• Location and size of data

- Mean
- Median

• Variability and spread of data
- Standard deviation (SD)
- First quartile, third quartile
(Inter quartile range [IQR])

- Minimum and maximum values (Range)
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Histogram: Graphical Representation of One Variable
Length of hospital stay following surgical resection for colorectal cancer

Yamamoto S, et al., Ann Surg. 2014; 260(1): 23-30.

Open resection (OP)

Laparoscopic resection (LAP)
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Purpose of Plotting Histograms

• Check for outliers and unusual data points
- Creatinine value = 0.02, etc.
- Are there any data that fall outside the eligibility criteria for clinical studies?

• Find out if there is a need for stratification
- Whether the group exists
- Whether it is bimodal

• Examine the shape of the distribution
- Is it symmetrical or does it have a tail in one direction?
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Example of Data Points for 20 People
5.9 6.8 7.0 7.2 7.4 7.5 7.8 7.8 8.1 8.3

8.4 8.5 8.8 8.9 9.0 9.2 9.3 9.8 10.1 10.8
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Summary Index When Data Follow a Normal Distribution

• Mean

• Standard deviation [SD]
- Numerator: Variance. The difference between each piece of data and the mean 

squared and summed.
- Denominator: Divisor. Number of data − 1
- The root of the above fraction

= 1.13

20 - 1
SD = (5.9 - 8.33)2 + (6.8 - 8.33)2 +…+ (10.1  - 8.33)2 + (10.8 - 8.33)2

Mean Value =                                                 = 8.33 5.9 + 6.8 +…+ 10.1 + 10.8
20
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1SD, 2SD, and 3SD Empirical Rules for Normal Distribution

• If the data follow a normal 
distribution, the values are 
shown as “Mean ± SD”

• By showing the mean and 
SD, the overall picture of 
the data can be obtained.

Mean            Mean Mean Mean Mean Mean Mean
-3SD              -2SD              -1SD                                   +1SD             +2SD              +3SD

68.3%
95.4%
99.7%
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Example of Data Values for 20 Users

Data for 20 people
5.9 6.8 7.0 7.2 7.4 7.5 7.8 7.8 8.1 8.3

8.4 8.5 8.8 8.9 9.0 9.2 9.3 9.8 10.1 10.8

1

3

4
5

6
7

5 6 7 8 9 10 11 12

8

2

0

Mean ± 1 SD: 7.20−9.46

Mean ± 2 SD: 6.09−10.57

Mean ± 3 SD: 4.97−11.69
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Interpreting the Mean

• According to the National Tax Agency’s “Survey of actual status for salary 
in the private sector,” the mean annual salary for men was 5.074 million
JPY in FY2010.

• What are the interpretations that can be made from this data?
- People earning ≤5.07 million JPY and people earning ≥5.07 million JPY 

each account for 50%
- More than 50% of the respondents earned <5,070,000 JPY
- More than 50% of the respondents earned >5,070,000 JPY



Secondary use of any contents of this site for commercial purposes is prohibited. ICRweb: https://www.icrweb.jp/icr_index.php?lang=en

Understanding the Characteristics of the Mean

• Numerical example
- 1, 3, 5, 7, 9 → Mean 5, Median 5
- 1, 3, 5, 7, 100 → Mean 23.2, Median 5

• The mean is easily influenced by extremely large (small) values compared 
with other measures

- Large (small) value = Outlier
• The median always shows the middle value of the data

- Less susceptible to outliers = robust
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The Mean Is Not the Center of the Distribution

Created from http://www.nta.go.jp/kohyo/tokei/kokuzeicho/minkan2010/minkan.htm
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Mean is skewed by 
high earners.
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When the Data Are Not Normally Distributed

Length of hospital stay following surgical resection for colorectal cancer

• The histogram has a tail on 
the right

• Mean ± SD does not give a 
complete picture of the 
data

• Summary indexes other 
than mean and SD are 
needed

Open Resection
(OP)

Laparoscopic 
resection 

(LAP)

Yamamoto S, et al., Annals of Surgery. 2014; 260(1): 23-30.
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Example of Right-Skewed Data Distribution
• Complications after liver resection and background factors

• In a scenario where only positive values are considered, if the mean ≤ SD, the shape of 
the distribution is considered to be asymmetrical.

• If mean ≤ SD, summarizing the data using the mean and SD is inappropriate.
- An approximate “Mean > 2SD” serves as a guideline for mean ± SD

14.2 ± 25.1 16.6 ± 24.7 13.5 ± 25.1

Virani S, et al. J Am Coll Surg. 2007; 204(6): 1284-92.
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Summarizing Data That Does Not Follow a Normal 
Distribution (1)
• Median

- Sort by the size of the data
• If there is an odd number of data, the value of the data in the middle
• If there is an even number of data, the mean of the two data in the middle

• First quartile (25% point)
- The value that separates the lowest 25% of the data from the highest 75% when the data 

are sorted in ascending order

• Third quartile (75% point)
- The value that separates the lowest 75% of the data from the highest 25% when the data 

are sorted in ascending order

Median =                  = 8.358.3 + 8.4
2

First quartile =                  = 7.45; Third quartile =                  = 9.107.4 + 7.5
2

9.0 + 9.2
2
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Summarizing Data Than Does Not Follow a Normal 
Distribution (2)
• Interquartile range (IQR)

- First quartile (25% point) to third quartile (75% point)
- Displays the range where half of the data are scattered

• Range
- Minimum to maximum
- Displays the full range of data
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Presenting Data That Does Not Follow a Normal 
Distribution

• It is best to present all three as a set
- Median
- Interquartile range
- Range

• Interquartile ranges are better than 
ranges for interpreting data 
variability

Yamamoto S, et al., Annals of Surgery. 2014; 260(1): 23-30.
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Median Rather Than Mean for Clinical Data

• Clinical data often has a tail to the right
- Clinical laboratory values
- Biomarkers
- Surgery duration, hemorrhage volume

• It is safer to use the median for clinical data
• If you want to test the deviation of a nonsymmetrical distribution,

use Wilcoxon rank-sum test instead of t-test
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Summarizing Data For Two Continuous Variables
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Scatter Plot

• Plot of 100 men’s height [horizontal axis/cm] and weight [vertical axis/kg]
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Purpose of Scatter Plots

• Check for outliners and unusual data
- 190 cm in height and 45 kg in weight
- Individual data points look normal but unusual when combined

• Find out if there is a need for stratification
- Whether the group exists
- Whether the relationship between the two variables differ for each group

• Understand the approximate degree of correlation
- Is the correlation linear or curvilinear? How strongly associated?
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Correlation

• The original definition was “a linear association between two variables of 
continuous type.”

- An association is not inherently “correlated” if the relationship is not linear.
• The phrase “high and low gene expression levels are ‘correlated’ with 

prognosis” is not an appropriate expression because only two categories have 
been examined.

• It is better to simply use “associated” unless there is a linear association.
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Correlation Coefficient
• A measure of correlation

- The range is −1 to 1
• −1: As X increases, Y decreases. Perfect negative correlation
• 0: No correlation. However, it does not mean “no association.”
• 1: As X increases, Y increases. Perfect positive correlation.

• Pearson’s product moment correlation coefficient (r)
- An indicator that measures whether there is a linear relationship between two 

variables
• Spearman’s rank correlation coefficient (ρ)

- Measures whether an increase (decrease) in one side will cause an increase 
(decrease) in the other

• It is irrelevant whether a linear relationship exists.
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Equation for Correlation Coefficient (no need to memorize)

• Pearson’s product moment correlation coefficient (r)

• Spearman’s rank correlation coefficient (ρ)
- Convert all data to rank scale to Pearson’s correlation coefficient formula

x y x y
96 268
86 318

101 289
100 301
98 298

2
1
5

1
5
2

4 4
3 3

r =
(x value for each data − mean of x)∑

i=1

n

(y-value of each data − mean of y)

∑
i=1

n

∑
i=1

n
(x value of each data − mean of x)2 ( y-value of each data − mean of y)2
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Pearson’s Correlation Coefficient and Scatter Plots (1)
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Pearson’s Correlation Coefficient and Scatter Plots (2)
A correlation coefficient of 0.8 does not appear to be correlated.
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Note on Correlation Coefficients

1. Pearson’s correlation coefficient indicates the strength of the linear 
association between two variables.

2. Independent of the unit of measurement or appearance.

3. Pearson’s correlation coefficient is sensitive to outliers.

4. Note the presence of groups.

5. Significant differences in correlation coefficients depend on N.
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Not a Linear, but There is a Two-Variable Relationship

• Pearson’s correlation coefficient (r) = 0.77
• Spearman’s correlation coefficient (ρ) = 1

−4
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−6

−3

0

−1

−2

0 0.2 0.4 0.6 0.8 1 1.2
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Not Dependent on Measurement Unit or Appearance (1)

In both cases, Pearson’s correlation coefficient (r) = 0.70
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Not Dependent on Measurement Unit or Appearance (2)

In both cases, Pearson’s correlation coefficient (r) = 0.70
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Not Dependent on Measurement Unit or Appearance (3)

In both cases, Pearson’s correlation coefficient (r) = 0.70
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Pearson’s Correlation Coefficient Is Sensitice to Outliners

• When including outliners
- Pearson’s correlation coefficient (r) = 0.58
- Spearman’s correlation coefficient (ρ) = 0.23

• When including outliners
- Pearson’s correlation coefficient (r) = 0.23
- Spearman’s correlation coefficient (ρ) = 0.21
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Check for Groups in the Data

• Pearson’s correlation coefficient (r) by group
−0.96 and 0.96

• Pearson’s correlation coefficient (r) when combined
−0.09

• Pearson’s correlation coefficient (r) by group
−0.1 and 0.1

• Pearson’s correlation coefficient (r) when combined
–0.81
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Which Pattern Has the Strongest Correlation?

x1 y1 x2 y2 x3 y3 x4 y4

4 4.26 4 3.1 4 5.39 8 6.58
5 5.68 5 4.74 5 5.73 8 5.76
6 7.24 6 6.13 6 6.08 8 7.71
7 4.82 7 7.26 7 6.42 8 8.84
8 6.95 8 8.14 8 6.77 8 8.47
9 8.81 9 8.77 9 7.11 8 7.04
10 8.04 10 9.14 10 7.46 8 5.25
11 8.33 11 9.26 11 7.81 8 5.56
12 10.84 12 9.13 12 8.15 8 7.91
13 7.58 13 8.74 13 12.74 8 6.89
14 9.96 14 8.1 14 8.84 19 12.5

(1)                     (2)                      (3)                     (4)
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Graphs and Correlation Coefficients

N Mean Standard 
deviation (SD)

Correlation 
coefficient

(P value)

Regression Equation 
(Relational equation 

between Y and X)

X1

Y1

11
11

9.00
7.50

3.32
2.03

0.816
(p = 0.0022) Y1 = 3.00 + 0.50X1

X2

Y2

11
11

9.00
7.50

3.32
2.03

0.816
(p = 0.0022) Y2 = 3.00 + 0.50X2

X3

Y3

11
11

9.00
7.50

3.32
2.03

0.816
(p = 0.0022) Y3 = 3.00 + 0.50X3

X4

Y4

11
11

9.00
7.50

3.32
2.03

0.816
(p = 0.0022) Y4 = 3.00 + 0.50X4
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Scatter Plot Results (horizontal axis x, vertical axis y)
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Anscombe, F. J., American Statistician, Vol 27, 1973.
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Do Not judge Only by Summary Statistics; 
Graphing is Very Important!
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What are the criteria for Determining “Correlation”?
• Because the P value reduce as N increases, it is not always appropriate to judge by 

statistical significance.
• Decided on a case-by-case basis depending on the research area.

P value for the test of 
parameter correlation 
coefficient = 0

Pearson’s correlation coefficient (r)

0.1 0.3 0.5 0.7

5 0.870 0.615 0.374 0.165

10 0.783 0.397 0.137 0.022

N 20 0.675 0.198 0.024 0.001

100 0.322 0.002 0.000 0.000

400 0.045 0.000 0.000 0.000
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How to Summarize Two Continuous Variable Datasets

• Use scatter plots

• Check for the presence of outliers and approximate correlations
- Linear or Curvilinear

• Because clinical data are often distributed with a tail to the right, the 
Spearman’s correlation coefficient is often more appropriate than 
Pearson’s correlation coefficient

• The test results alone do not determine whether there is a correlation.
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Do Continuous Variables Have to be Separated by Binary 
Values?
Examine the relationship between biomarkers and prognosis

20

0

40

60

80

100

120

140

0 0.5 1    1.5    2      2.5    3      3.5    4     4.5     5     5.5     6     6.5     7    7.5

High

Low

Distribution of a given biomarker

• Median: 1.86
• Below median: Low
• Above median: High

Is this really
what you wanted to find out?
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Before Dividing Continuous Variable into Binary Groups
O

ut
co

m
e

O
ut

co
m

e

Is there a linear relationship? Will the effect plateau? Will the effect be weakened?

Bathtub curve? No change in 
effectiveness? • When divided into two groups, the 

nature of the relationship is unclear.

• It is more appropriate to consider 
continuous variables by dividing them 
into three or more groups.
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How to Summarize Categorical Data

Before performing chi-square test and Fisher’s exact test
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Outcome Types and Statistical Methods

Continuous variable Binary (0/1) Survival time

Outcome examples Blood pressure level
Clinical laboratory values

Response rate
Adverse events rate

Overall survival
Progression-free 

survival, PFS
Data summarization 
methods

Histogram
Scatter plot Contingency table Kaplan–Meier curve

Group comparison (test) t-test
Wilcoxon rank sum test

chi-square test
Fisher’s exact test Log-rank test

Model fitting Multiple regression 
analysis Logistic regression Cox regression
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Summary Table and Contingency Tables for Categorical 
Data!

Data set
Patient No. T factor N factor M factor Stage

1 10 20 10 40

2 10 10 00 10

3 20 20 10 30

4 20 10 00 20

5 30 20 00 30

・ ・ ・ ・ ・
・ ・ ・ ・ ・

• Relying solely on Excel’s “filter” function is 
inefficient and carries the risk of overlooking 
data.

• The relationship between the two variables 
is unclear without checking the contingency 
table.
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Contingency Table Analysis
Group A Group B

male XX XX
female XX XX

Chi-square test or Fisher’s exact test

Group A Group B
<40 years old XX XX

40–59 years old XX XX
>60 years old XX XX

Chi-square test or Fisher’s exact test

Not significant Significant

There is no 
difference between 
males and females 
among groups

Differences between 
men and women 
among groups

Group A has more 
women than Group B

Not significant Significant

No difference 
between ages 
among groups

Differences in age 
distribution among 
groups

So what?
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Contingency Table Analysis
No 

Complications Complications

<40 years old 15 5
40–59 years old 10 10

>60 years old 5 15

No 
Complications Complications

<40 years old 10 10
40–59 years old 15 5

>60 years old 5 15

With the Fisher’s exact test, the P value is the same for both (p = 0.0084)

When significant, both interpretations are significantly "different 
somewhere" (alternative hypothesis)

For "trend test" (Mantel test etc.),

p = 0.0017: significant
Complications tend to be significantly 

higher in older people.

p = 0.1169: Not significant
It cannot be said that complications are 

more common in older people.

Organize what you want to make sure about before testing!

Using JMP, Sample scripts of the 
Cochran–Armitage test can be 
downloaded
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Analysis of Population and Patient Flow Diagram
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RCT: CONSORT Flow Diagram
Assessed for eligibility (n = )

Excluded (n = )
♦Not meeting inclusion criteria (n = )
♦Declined to participate (n = )
♦Other reasons (n = )

Analyzed (n = )
♦Excluded from analysis (give reasons) (n = )

Lost to follow-up (give reasons) (n = ) 

Discontinued intervention (give reasons) (n = )

Allocated to intervention (n= )
♦ Received the allocated intervention (n= )
♦ Did not receive the allocated intervention (give 
reasons) (n= )

Allocated to intervention (n = )
♦ Received the allocated intervention (n= )
♦ Did not receive the allocated intervention (give 
reasons) (n= )

Allocation

Randomized (n = )

Enrollment

https://pmc.ncbi.nlm.nih.gov/articles/PMC6398298/figure/F1/

Lost to follow-up (give reasons) (n = ) 

Discontinued intervention (give reasons) (n = )

Analyzed (n = )
♦Excluded from analysis (give reasons) (n = )

Follow-up

Analysis
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Kubota K, et al. The Lancet Oncology. 2014; 15(1): 106-13.
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Meta-Analysis: PRISMA Flow Diagram

http://www.prisma-statement.org/
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(meta-analysis)
(n = )

Studies included in
quantitative synthesis

(n = )

Full-text articles assessed
For eligibility

(n = )

Records screened
(n = )

Records excluded
(n = )

Full-text articles excluded,
with reasons

(n = )

Additional records identified
through other sources

(n = )

Records identified through
database screening

(n = )

Records after duplicates are removed
(n = )
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Diagnostic Accuracy Studies: STARD Diagram

http://www.equator-network.org/wp-content/uploads/2015/03/STARD-2015-flow-diagram.pdf
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Prognostic Factor Analysis

Describe the flow of patients through the study, including the 
number of patients included in each stage of the analysis
(a diagram may be helpful) and reasons for dropout.

McShane LM, Altman DG, Sauerbrei W, et al. J Natl Cancer Inst 2005; 97(16): 1180-4.
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Flow Diagram of Patients

Marleen Kok et al. JNCI J Natl Cancer Inst 2009; 101: 1725-1729.



Secondary use of any contents of this site for commercial purposes is prohibited. ICRweb: https://www.icrweb.jp/icr_index.php?lang=en

The Population to be Analyzed is Best Defined at the 
Planning Stage
• The subject and data that must be examined in the medical record 

become clear.
- What do you want to compare it with?
- Do the necessary data exist for the comparison?
- Create flags to distinguish
- Clarification of research limitation

• If even one subject of analysis changes, all analyses must be redone.
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Summary

• Check if the input data are correct before analysis.
- Double entry or reading review

• Perform a data description rather than testing from the beginning.
- Check histograms and select appropriate summary statistics and test methods.

• Check the relationship between two variables using scatter plots and 
contingency tables.

- Check for outliers and data that should not exist.

• Research with an awareness of the definition of the population to be 
analyzed.

- Be aware of which analyses are performed on which subjects.
- Ensure to draw a patient flow diagram
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