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Sample size calculation to data analysis of a correlation
study in Microsoft Excel®: A hands-on guide with example
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Abstract

Background and Aim: Investigators use correlation study to determine the extent to which two or more variables are related
among a single group of people. One big question frequently encountered by investigators is How to calculate sample size?
After data collection, it is essential to test the data statistically. Hence, we planned to provide hands-on guide for sample size
calculation and statistical analysis of data in Microsoft Excel® 2010 commonly needed for a correlation study.

Methods: An example of a correlation study of body mass index and peak expiratory flow rate was taken. Its execution process
from sample size calculation to statistical analysis of data has been explained step by step in Excel® 2010. All formula and

functions were tested in Excel® 2007.

Conclusion: Excel® as a tool for statistical analysis of data would facilitate researchers to do all statistical analyses in a single
file. Along with correlation study, analysis by t-test and ANOVA was also provided. With this discussion, new investigators
would get a fair knowledge about sample size calculation and data analysis of correlation study in Excel® and can use it for

their future studies.
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INTRODUCTION

Correlation study

Correlation study is used to determine the relationship
between two or more continuous variables among a
single group of people. A correlation has direction,
and correlation coefficient (r) can be either positive or
negative. Zero indicates no relationship between the
two variables, and r = 1 or r = —1 indicate a perfect
relationship. The strength can be anywhere between
0 and +1.1" Correlation gives the degree and direction
of relationship between the two variables, whereas the
regression analysis predicts the values of one variable
on the basis of the other variable. When there is perfect
correlation (r = +1 or —1), the two regression lines will
coincide or become one straight line.?
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Essential terminology
Null hypothesis
The null hypothesis states that there is no association

between the predictor and outcome variables in the
population.

Alternative hypothesis

The proposition that there is an association is called the
alternative hypothesis. The alternative hypothesis cannot
be tested directly; it is accepted by default if the test of
statistical significance rejects the null hypothesis.
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Type I error

A type | error (false positive) occurs if an investigator
rejects a null hypothesis that is actually true in the
population.

Type Il error

Type ll error (false negative) occurs if the investigator fails
to reject a null hypothesis that is actually not true in the
population [Table 1].5!

Effect size

Effect size is a quantitative reflection of the magnitude
of some phenomenon that is used for the purpose of
addressing a question of interest. The investigator should
first try to find data from prior studies in related areas
to estimate reasonable effect size. When data are not
available, a small pilot study may be done.

o: The significance level of a test; the probability of
rejecting the null hypothesis when it is true (or the
probability of making a type | error).

B: The probability of failing to reject the null hypothesis
when it is false (or the probability of making type Il error).

Confidence level

The probability than an estimate of population parameter
is within certain specified limits of the true value;
commonly denoted by “1 - a.”

Power of test

The probability of correctly rejecting the null hypothesis
when it is false; commonly denoted by “1 - .”1®

MATERIALS AND METHODS

Commonly, researchers save raw data in Excel® and
do statistical analysis in other software. It may be
beneficial for them if they can do statistical analysis
in the same Excel® sheet. Hence, we have discussed
about the procedure of statistical analysis of data in
Excel®. Screenshots of Windows were captured by
Greenshot 1.2.7 Build 2 software for Windows. Though
the screenshots were taken while executing analysis in
Excel® 2010, we have tested all formula and functions
in Excel® 2007, and all functions and formulae were
compatible with Excel® 2007.

Table 1: Null hypothesis, Type | and Type Il error

Truth in Decision

population Null hypothesis Null hypothesis
retained rejected

True Correct (1-a) Type | error (a)

False Type Il error (B) Correct (1-8)

Designing a correlation study

Our research question was — whether body mass index
(BMI) is correlated with peak expiratory flow rate (PEFR)?
Similar previous studies with correlation of BMI and
PEFR were available and had been studied beforehand.
Among those studies, one study was almost similar
regarding the age, race, and other characteristics of
participants of our aimed study. That study found
a correlation coefficient (r) = 0.30. Hence, we had
anticipated in our study that BMI would be correlated
with PEFR as that study.

Our null hypothesis

There is no correlation between BMI and PEFR in the
study population.

Alternative hypothesis

There is a correlation between BMI and PEFR in the study
population.

o: (two sided) we needed only 5% chance of rejecting
null hypothesis when it is true. Hence, “o” value was 0.05.
Confidence level was 1 — 0.05 = 0.95 or 95%.

B: We needed 5% probability of failing to reject null
hypothesis when it is false. Hence, “f” value was 0.05
and power of test was 1 — 0.05 = 0.95 or 95%.

Effect size

From the previous study, we found correlation coefficient
(r) = 0.30 between BMI and PEFR. Hence, our effect size
was |0.30| = 0.30.

The formula for sample size calculation for correlation
study is as follows:®

N=(z, + ZB]/C)2 +3
where, N = number of subjects required

Z = the standard deviation for o

o

Z, = the standard deviation for 3
C=05%In([1+r)/[1-r])
r = expected correlation coefficient

Sample size calculator

A new Excel® sheet was opened. Three cells were selected
for texts — “a=," “B=," and “expected r =.” Immediate
right adjacent cells were colored for easy identification.
We used those cells for inserting values for o, 3, and r.
On the right side of those cells, a cell text was written as
“Z =," and the adjacent right cells’ formula was written as
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“=NORMSINV((1—(cell address of 0/2))).” In our example,
itwas “=NORMSINV((1— (B4/2)))” [Figure 1]. As “o.” was
“two sided,” we had divided it by 2. In similar fashion,
”ZB=" cells were selected and the formula was written as
“=NORMSINV((1 — cell address of #)).” In the example,
it was “=NORMSINV((1 — B6)).” Another cell text was
written as “C="and the adjacent right cells’ formula was
written as “=0.5*LN ((1 + cell address of expected r)/
(1 — cell address of expected r)).” In our example data
sheet, it was “=0.5*LN ((1 + B8)/(1 — B8))” [Figure 2].
For the cell right side to “Sample size=,"” formula was
written as “= (((cell address of Z + cell address of ZB)/
cell address of C) ™~ 2) +3.” In the said example, it was
“= (((E4 + E®6)/E8)"~2) +3” [Figure 3]. For making the
number as an integer, the formula is “=ROUND (cell
address of sample size, 0).” In the example of Figure 3,
it was “=ROUND (E11, 0).” With this calculator, after
inputting values of o, 8, and r, we found that the number
of participants required for our study was 139.

This calculator can be saved and used for sample size
calculation of any correlation study with the effect size
being calculated by correlation coefficient (r). Only «,
B, and r values are required in specified cells, and the
sample size will be calculated according to the formula
we used.

Data entry

We had taken the following data (1) height in cm to the
nearest 0.1 cm, (2) weight in kg to the nearest 0.1 kg,
and (3) PEFR in L/min. In an Excel® sheet, the 1t column

(column B) label was written as “Weight (kg),” in first row
and in the first row, the 2" column label was written as
“Height (cm),” the 3 as BMI, and the 4" as “PEFR (L/min),”
[Figure 4] and the data were entered accordingly. For
ease of description, only eight sets of data were entered.

Calculating body mass index, mean, standard
deviation and standard error

For calculation of BMI according to Quetelet’s equation,”
we had to convert the “Height in cm” to “Height in meter.”
A cell below the “BMI” cell was selected and the formula
was written as “=cell address of weight in kg/(cell address
of height (cm)/100) ~ 2.” In the example of Figure 4, it was
“=B2/(C2/100) ™~ 2.”

Arithmetic mean is the average. Hence, for the calculation
of mean of the data of the column B, the cell equation
was written as “=AVERAGE (starting cell address of
column B: last cell address of column B).” For cell B10,
it was “=AVERAGE (B2:B9)” [Figure 5]. For calculation
of standard deviation (SD), the cell equation used with
STDEV function was “=STDEV (starting cell address
of column: Last cell address of column).” Here, it was
“=STDEV (B2:B9)"” in cell B11. For calculation of standard
error (SE), we have to use the formula SE = SDVN,!!
where N is the sample size. If we use this formula in Excel®
for the data of column B in the example of Figure 5, it will
be “=STDEV (B2:B9)/SQRT ((COUNT (B2:B9))).” We can
do it more simply as we already calculated the SD and
we know the N. We can obtain the SE by writing a cell
formula as “=B11/SQRT(8)" also.

E4 v Jfc | =NORMSINV((1-(B4/2)))
A B C D E : |

1

2 Input Data Output data

4 a= 0.05 e =| 1.959964|

5 a

6 B= 0.05 Z;= 1.644854

E

8 expectedr= 0.3 C= 0.30952

9

10

11 Sample size = 138.6408

12 or 139

Figure 1: Screenshot showing calculation of Za in cell E4 with the value of cell B4 in Excel® 2010
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ES v(® fe | =0.5*LN((1+B8)/(1-B8))
4 A B ' C D E
23| Input Data Output data
3
i
_5 -
_ 6_ B= 0.05 Zz= 1.644854
il
8 | expected r=_ c=-
9
10
1
12
Figure 2: Calculation ;fnC in cell E8 with the value of cell B8
_1 _
2
B
a4
9 |
i B= 0.05 Zz= 1.644854
7i
'8 expectedr=/ 103 C= 030952
9
10 _
11 Sample size = 138.6408'
—#
L or 133

Figure 3: Calculation of sample size for correlation study in cell E11 with the calculated value of cells E4, E6, and E8 based on the equation:
N = ([Za + ZB]/IC)? +3

Calculation of Pearson’s correlation coefficient (r) adjacent right cell was written with PEARSON function
For calculation of Pearson’s correlation coefficient (r),  as: “=PEARSON (first cell address of first column: Last
we had written a cell text as “r=,"” and the formula for cell address of first column, first cell address of second
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D2 - fx | =B2/(C2/100)%2

A B | b | E
fi Weight(kg) Height(cm) BMI____ PEFR(L/min)
2] 54 173] 18.04271 225.42
3 42.4 151 18.59568 224.5
4 50.6 152.5 21.75759 239.7
5 42 151 18.42024 221.2
6 66.7 170 23.07958 238.77
7 69.2 178.5 21.71849 240.92
8 62 170 21.45329 192.68
9 74.3 159.5 29.20569 267.09
10 Mean= 57.65 163.1875 21.53416 231.285
11 SD= 12.2588743 11.009533 3.622402 21.29438692
12

Figure 4: Calculation of body mass index in cell D2 with the value of cells B2 and C2 on the basis of Quetelet’s equation: body mass index = Weight

in kg/height in m?

B10 - J< | =AVERAGE(B2:B9)
A B C D E
1 Weight(kg) Height(cm) BMI PEFR(L/min)
2 54 173 18.0427 225.42
3 42.4 151 18.59568 224.5
4 50.6 152.5| 21.75759 239.7
5 42 151 18.42024 2213
6 66.7 170 23.07958 238.77
7 69.2 178.5 21.71849 240.92
8 62 170 21.45329 192.68
B3N 74.3 159.5 29.20569 267.09
10 Mean=l E 57.65! 163.1875 21.53416 231.285
11 SD= 12.2588743 11.009533 3.622402 21.29438692

Figure 5: Calculation of mean of values of cell B2 through B9 in the cell B10 with the “AVERAGE” function

column: Last cell address of second column).” Here, it
was “=PEARSON (D2:D9, E2:E9).” In the example of
Figure 6, the value for “r” was calculated in cell H2 and
the value was 0.675689.

Alternatively, we could use the “Data Analysis Tools” to
get the correlation coefficient. For correlation analysis,
we have to follow the steps: Data tab (on ribbon)— Data

Analysis Tools (on the extreme right side under data
menu)—Correlation—>0k— Input range ($D$2:$ES$9 for
the example) and output range (any cell where the result
to be shown, e.g., $A$13) — Ok.

Under “Data” tab (on ribbon), if “Data Analysis Tools” is
not shown, we have to follow the steps: File — Option
— Add Ins — Select “Analysis ToolPak” — Click on “Go”
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— Click “Ok” in new window [Figure 7]. Now, we have
enabled data analysis tool for Excel®.®

Calculation of “P value”

We needed to test whether the result was statistically
significant or not. For calculation of “P value” from the “r”
value, we had used the formula “=TDIST ((r*SQRT (n-2))/
(SQRT (1 — r~2)), n — 2,2)" for two-tailed “P value.”
Calculation of “P” from “r"” is not allowed in Excel®,
so we had incorporated conversion of “r” to “t” in the
Excel® formula according to the conversion formula:

T=rn-2/(1 -r3)n

where r correlation coefficient, n number of
participants, SQRT = square root function as written in
Excel®, last 2 in formula was for 2 tail P.

In our example, n = 8 and r = 0.675689, we had not put the
value of “r,” we had written the cell number of “r” instead.
In the example of Figure 8, it was H2. We had written a
cell text as “P value=,” and on the right adjacent cell,
we had written the formula as “=TDIST((H2*SQRT (6))/
(SQRT (1-H2" 2)),6,2).” Calculated two-tailed “P value”
for the example data was 0.065879 in cell H4.

Solution for problems with negative “r” value: Where the
“r"” value is negative, we have to convert it to its absolute
value of number (ignoring the negative sign) before using
it in the calculation of P from r. To do this in any cell with
ABS function, we have to write the formula for the cell
as “=ABS (cell address of r).” This will show the absolute
value in the selected cell.

H2 - f | =PEARSON(D2:D9,E2:E9)
A B c D E F G | H
1 Weight(kg) Height(cm) BMI PEFR(L/min)
2 54 173 18.0427 225.42 r=| 0.675689
3 424 151 18.59568 224.5
4 50.6 152.5 21.75759 239.7
5 a2 151 18.42024 221.2
6 66.7 170 23.07958 238.77
7 69.2 178.5 21.71849 240.92
8 62 170 21.45329 192.68
9 74.3 159.5 29.20569 267.09
10 Mean= 57.65 163.1875 21.53416  231.285
1 SD= 12.2588743 11.009533 3.622402 21.29438692
12

Figure 6: Calculation of Pearson’s correlation coefficient (r) of body mass index (column D) and peak expiratory flow rate (column E) data in cell
H2 with the “PEARSON” function
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Solution for scientific expression of number: When the value of
“P" is far less than zero (frequently encountered), the number
in Excel® is expressed in scientific format (e.g., 4.567E-23). To
show it in decimal format, we have to right click the cell where
the number is present and have to select “Format Cells....”
Under “Number” tab, we have to select “Number” (below
“General”) and increase the “Decimal places” until the
number is shown after zeros in “Sample” and have to
click “Ok.” If the cell width is automatically increased to
accommodate the number, it is ok. Otherwise, increase the
width manually to view the number.

Regression analysis

In experimental science, after having understood the
correlation between two variables, there are situations
when it is necessary to do regression analysis.!" For
regression analysis, we had selected “Data— Data
Analysis Tools—Regression—0k— Input range and
output range — Ok.”

In the example, we put “BMI” in “X range” and “PEFR” in
“Y range.” For that, we had selected the “BMI” data column
in “X range” as: “$D$2:$D$9"” and “PEFR" data column in
“Y range” as: “$E$2:$E$9” [Figure 9]. We could change the
“Confidence Level,” but it was 95% by default, so we kept
it. We selected “Output range” in cell 11. The regression
analysis result is shown in Figure 10. The equationy = o
+ Px is defined as the linear regression equation, where
o is the intercept and f is the regression coefficient.

In the example, we found: R? = 0.4566; SE: 16.956;
F:5.041; significance of F: 0.0659; and the equation was
“Y = 145.75 + 3.972*X."

The Student’s t-test

The t-test is commonly used to determine whether the
mean value of a continuous outcome variable in one
group differs significantly from that in another group.®
The t-test was not suitable for the study example we
were discussing, but learning ¢-test procedure is a worth
learning for any statistical analysis. Procedure is same as
any “Data Analysis” we discussed above. We just need to
select “t-test” from scrolling down after selecting “Data
Analysis Tools” and input the range of data column in
“Variable 1 Range” and “Variable 2 Range.” In the example
shown in Figure 11, we wanted to carry out ¢-test for BMI
of male (column A) and female (column B). We input
“$A$2:$A$9” in “Variable 1 Range” and “$B$2:$B$9" in
“Variable 2 Range.” We have selected “$D$3” as output
range. Values for ¢t-Stat and P have been highlighted with
color in the result of ¢-test in Figure 11.

If we want to get only “P value” without other data analysis
parameters, we can use the Excel® function “TTEST” and
write the formula as “=TTEST (A2:A9, B2:B9,2,2)" as
shown in the example provided in Figure 11. Here, the “P
value” has been calculated in cell E1. See the formula; after
the array 1 and array 2, the first “2” is for two-tailed test and
the second “2” is for t-test assuming two samples of equal
variance. We can change it according to our choice. If it is
one tail and assuming two samples with unequal variance,
the formula would be “=TTEST (A2:A9, B2:B9,1,3).”

ANOVA

In the example shown in Figure 12, we have systolic blood
pressure data of three groups of patients of underweight,

H4 v ( f | =TDIST((H2*SQRT(6))/(SQRT(1-H22)),6,2)
A 3 C D E : G | H
1 Weight(kg) Height(cm) BMI PEFR(L/min)
2 54 173 18.0427 225.42 r= 0.675689
3| 42.4 151 18.59568 224.5
4| 50.6 152.5 21.75759 239.7 p value=| 0.0&5879!
5 42 151 18.42024 221.2
6 66.7 170 23.07958 238.77
7 69.2 178.5 21.71849 240.92
8 62 170 21.45329 192.68
9 74.3 159.5 29.20569 267.09
10 Mean= 57.65 163.1875 21.53416 231.285
11 SD= 12.2588743 11.009533 3.622402 21.29438692
12

Figure 8: Calculation of two-tailed “P value” in cell H4 with the help of calculated value of “r” of cell H2 with the Excel® function “TDIST”

= =
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|13

Figure 9: Screenshot during regression analysis of data of column D (Input Range X) and column E (Input Range Y) with 95% confidence

interval. Output range is on cell 11

G ]

K L M N
SUMMARY OUTPUT
r= 0.675689
Regression Statistics
p value= 0.065879 Multiple R 0.675689365
R Square 0.456556118
Adjusted R Square 0.365982138
Standard Error 16.95570639
Observations 8
ANOVA
df ss Ms F Significance F
Regression 1  1449.180524 1449.1805 5.040698 0.065878939
Residual 6 1724.975876 287.49598
Total 7 3174.1564
Coefficients Standard Error  t Stat P-volue Lower95% Upper 95%ower 95.09pper 95.0%
Intercept 145.7500699  38.56640594 3.7791976 0.009189 51.38147416 240.1187 51.38147 240.1187
X Variable 1 | 1.769172789 2.24515 0.065879 -0.356951623 8.301068 -0.35695 8.301068

Figure 10: Summary output of regression analysis. Important parameters are colored. Equation: Y =145.75 + 3.972*X can be written from the

data of J17 and J18

normal weight, and overweight. We have to use the Data
Analysis Tools for ANOVA test. Here, we have selected
the “ANOVA: Single Factor” and selected input range
as “$A:$C” and output range as $E$1. As our first row
contained labels, we had ticked the “Labels in the first row.”
Result is shown on the sheet as shown in Figure 12. This
example is for one-way ANOVA. For two-way ANOVA, we
have to select “ANOVA: Two-Factor with Replication.” For
two-way ANOVA, we have to tell Excel® about the “Rows
per sample.” Rest of the procedure is the same.

Regression scatter plot

Graphical representation of regression analysis data
gives a better understanding of the trend. In the example

of Figure 13, we have shown a scatter plot of regression
analysis of column A (BMI) and column B (Fat%) data. For
inserting the scatter plot on Excel® sheet, we have to click
“Insert” tab on ribbon and in “Charts” section, “Scatter” to
be clicked and “Scatter with only Markers” is to be selected.
A blank graph plot will appear on the excel sheet. “Right
click” on any area of the blank plot will give us option to
“Select Data....” Clicking on “Select Data” will lead us to
“Chart Data Range” selection. Column A and Column B
have to be selected (Press and hold “Ctrl” and click on A
and B column), and the “Chart Data Range” will appear
as “=Sheet1!$A:$A, Sheet1!$B:$B.” Alternatively, we can
input the range as “=Sheet1!$A$1:$B$9" for the data in
the example. Clicking on “Ok” will show the graph. Now,

&
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E1l - J« | =TTEST(A2:A9,B2:89,2,2)
A B C D B
Zml{male} BMI(female) Two tail p value=|
2 18.23 22.7
3 17.9 28.3 t-Test: Two-Sample Assuming Unequal Variances
4 21.2 30
5 23 18.93 Variable 1 Variable 2
6 24.67 22.45 Mean 21.08 23.64375
7 19.5 23.67 Variance 11.73631429 16.28442679
8 26.7 18.5 Observations 8 8
9 17.44 24.6 Hypothesized Mean Diff 0
10 of ")
11 tstat -1.369874743
12 P(T<=t) one-tail 0.096148361
13 t Critical one-tail 1.761310136
14 P(T<=t) two-tail 0.192296722
15 t Critical two-tail 2.144786688

Figure 11: Screenshot of result of t-test of column A and column B by using Data Analysis Tool (output range is D3). Calculation of only two-tailed

“P value” by Excel® function “TTEST” is shown in cell E1

J12 * & ﬁr_ 0.0432716159679003
A B C D E F G H I J K
1 Underweight Normal Over weight Anova: Single Factor
2 121 126 118
3 116 130 137 SUMMARY
4 134 121 127 Groups Count Sum Average Variance
5 114 120 119 'Under weight 8 965  120.625 42.267857
6 123 127 142 Normal 11 1379 125.36364 13.254545
7 124 120 130 0verweight 12 1558 129.83333 109.78788
8 117 125 136
9 116 128 108
10 127 134 ANOVA
it 130 130 Source of Variation sS df MSs F P-value F crit
1_2| 125 144 Between Groups 411.3967 2 205.69837 3.5203226' 0.043272! 3.34038556
13 133 Within Groups 1636.087 28 58.431683
14
15 Total 2047.484 30

ar

Figure 12: Analysis result of one-way ANOVA for the data of columns A, B, and C (output range is E1)

A B c 1] E F G H I J
BMI  Fat%
174 15.4 2 g
2147 258 Linear Regression Scatter Plot
22.56 | 49

y =1.5948x- 10.408
R?=0.9198

1989 2035 | ] + Fat%
.72 2747 | 35

10 —Linear (Fat%)

1 20

12

13 15 + *

14 10 r

15 15 20 5 30

17

Figure 13: Regression scatter plot for column Aand B data, body mass
index is on X axis and Fat% is on Y axis

we have to right click on any series point (blue diamond)
and select “Add Trend line...” and in “Trend line option,”

“Linear” is selected; “Display equation on chart” and
“Display R-squared value on chart” are selected and the
window is closed. Regression scatter plot with trend line
will be shown with equation and R? value. In this example
of data [Figure 13], BMl is on X axis and Fat% is on Y axis.
The linear relation equation is “Y = 1.5948*X — 10.408."

DISCUSSION

Adequate sample size has paramount importance in
assessing the accurate results, while less or more than
required sample size has many disadvantages.['” Sample
size must be calculated during the planning stage of the
study. Moreover, it should be done with reference to
previous studies or a pilot study.'"" There are websites

&
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