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Clinical Research Methods
Simplified methods for calculation of confidence intervals
INDERBIR SINGH
INTRODUCTION
In the last few years a number of writers have recommended
that confidence intervals be presented in reports dealing
with medical research. They argue that the use of tests of
significance has become excessive to the point of detracting from basic findings; and that confidence intervals can
yield more useful information.l=' These views have not
gone unchallenged and a lively controversy has ensued. 5-7
In this article I will not discuss the arguments for and
against tests of significance. It is sufficient to note that
several important medical journals (including The
National Medical Journal of India) now require that
confidence intervals be stated 'where appropriate'.
Unfortunately, most books on medical statistics do not
give methods for calculating confidence intervals. However, Gardner and Altman! in their writings have
described methods covering a number of situations.
While those well versed in statistics will find these simple
enough, others not so familiar with the discipline are
likely to shy away from them as they appear to be rather
complicated. I have therefore tried to present the calculation of confidence intervals in a simple manner without in
any way compromising on accuracy. The methods are
based on those described by Gardner and Altman! and I
make no claim regarding their originality. The only prior
knowledge I assume is that the user knows how to calculate means and standard deviations, and is familiar with
the concept of standard error. All the calculations can be
done easily using a simple calculator.
PRELIMINARY REMARKS
Most research involves the taking of samples from a study
population. From our sample we can calculate a mean
value for the measurement under investigation. A mean
will be fully reliable only if each and every individual in
the population could be studied. This does not happen in
practice so when we take a sample, the mean obtained is
very likely to deviate from the true mean for the population. The possible degree of such deviation is high with
small samples and decreases as the sample size increases.
While the mean is the best estimate we have of the mean
in the population as a whole, we would like to be aware
of the limits (above and below the mean) within which the
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true population mean is likely to lie. This information is
referred to as the confidence interval (often abbreviated
to CI). For a given population, the width of the CI is
influenced by the standard deviation and by the number
of observations in the sample.
The standard deviation is a measure which tells us the
limits within which individual values within a population
lie. We know that (in a normal distribution) about 68% of
individual values lie in the range mean±SD; about 95%
of values lie in the range mean±2SD; and almost 100%
of values lie in the range mean±3SD. However, in
the present context we are not interested in the limits
within which individual values lie but rather in the limits
within which the mean itself is likely to vary. This information is provided by the standard error (of the mean).
To understand exactly what standard error tells us
let us imagine that we take several samples from one
population. For each sample we can calculate a mean.
Obviously, these means will differ from one another. The
limits within which these means can be expected to vary is
defined by the standard error which has exactly the same
relationship to means as the standard deviation has to
individual values. In about 68% of samples the mean
would lie in the range sample mean±SE; in about 95%
in the range mean±2SE; and almost 100% of samples in
the range mean±3SE. The catch is in the use of the word
'almost'. Complete certainty can never be achieved in this
way, though we can get very close to it. To put it another
way, we can state with 68% confidence that the population
mean lies in the range mean±SE; with 95% confidence
that it lies in the range mean±2SE; and with almost 100%
confidence that it lies in the range mean±3SE. It will thus
be clear that as the level of confidence desired increases
the CI has to become wider. The factors that influence CI,
therefore, are the following.
1. Inherent variability between individual values within the
population. This is reflected in the standard deviation.
2. Number of observations in the sample.
3. Degree of confidence desired.
It will be clear too that to find a CI we need to know (i) the
standard error, and (ii) a factor by which the standard
error is to be multiplied to get the upper or lower limit of
the CI. The exact method of calculating the standard error
will depend on the nature of the problem (as we shall see
subsequently). The multiplier (m) can be found by referring
to Table I. The first column ofthis table gives the degrees
of freedom, which are related to the number of observa-
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tions in the sample. They are derived in the same manner
as for tests of significance. The second, third and fourth
columns of the table give the values of m for the 90%,
95% and 99% degrees of confidence.

1. Calculate SE using the formula SE = SD+Vn .... SE
2. Look up table I to find out value of multiplier for the
required degree of confidence against (n-l) degrees
of freedom
m
3. Calculate: mxSE
y
4. CI = (mean-y) to (mean+y)

JOURNAL

OF INDIA

VOL. 5, NO.2

The methods described cover the situations for which
calculation of CI are commonly required. Methods
appropriate to some other situations are available in the
literature. 1,2,8,9

METHODS OF CALCULATION
I. Confidence intervals for a single mean

MEDICAL

(with solved exemples)

Calculate the 95% CI for the mean in an
instance in which mean = 50; SD = 4; n = 25.
1. SE = 4+ v'25 = 4+5 = 0.8
2. Degrees of freedom: 25-1 = 24.
Looking up table I we see that for 95% confidence
m = 2.064
3. mxSE = 2.064xO.8 = 1.65
4. CI = (50-1.65) to (50+ 1.65) = 48.35 to 51.65
Example.

The resting heart rate (HR) was recorded in
6 subjects. Each subject was then given a drug and the
heart rate recorded again 30 minutes later. Calculate
the difference between the means, and the CI for the
difference (data hypothetical).

II. Confidence intervals for difference between two means
based on paired data

Example.

1. Arrange data (as for a paired t-test) as follows
S. No.
Observation A
Observation B
(A - B)=d

1.
Subject
Resting HR
HR after drug Difference (d)
1
65
72
7
2
73
70
-3
3
70
70
0
4
75
80
5
5
72
78
6
6
68
75
7
2. Mean difference: (7+[-3]+0+5+6+7)+6
= 3.67
3. SD of the values of d = 4.18
4. SE: 4.18+%=1.71
5. Degrees of freedom: 6-1 = 5.
Looking up table I we see that for 95% confidence
m = 2.571
6. Y = 2.571 x 1.71 = 4.396
7. CI: (3.67-4.396) to (3.67+4.396) =-0.726 to 8.066

1

2
3
4
5
6 etc = n
2. Mean difference = (sum of d)+n
f
3. Calculate SD of values of d
SD
4. SE = SD +Vn
SE
5. Look up table I to find value of multiplier for required
degree of significance against (n -1) degrees of
freedom
m
6. Calculate: mxSE
Y
7. CI = (j-y) to (j+y)

III. Confidence intervals for difference between two
means obtained from unpaired data

Calculate the following:
1. For group I: (SD1)2x(nl-l)
a
2. For group II: (SD2)2x(nz-l)
b
3. a+b
c
4. nl+n2-2
f
5. Pooled SD = Vc+f
's
6. (1+nl) + (1 +n2)
e
7. SE of difference = s Vi
SE
8. Look up table I to find value of multiplier against
required degrees of freedom = f
m
9. Calculate mxSE
y
10. Mean difference: Greater mean +Iesser mean
d:
11. CI: (d-y) to (d+y)

Two means, each based on a sample of 10 items,
and their standard deviations are given below. Calculate
the 95% confidence intervals for the difference
between the means.
Group I: Mean 167.1; SD 7.79
Group II: Mean 158.0; SD 12.26
a = (7.79)2X9 = 60.68x9 = 546.12
b = (12.26)2x9 = 150.31x9 = 1352.79
c = 546.12+1352.79 = 1898.91
t= 10+10-2 = 18
s = V1898.91 -i- 18 = VI05.49 = 10.27
e = (1+10) + (1+10) = 0.2
SE = 1O.27xv0.2 = 10.27x0.447 = 4.59
Example.

m (from table I) = 2.101
Y = 2.101x4.59 = 9.64
d = 167.1-i58.0 = 9.1

CI: (9.1-9.64) to (9.1 +9.64) = -0.54 to 18.74
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Example. In a survey to determine

IV. Confidence intervals for a single proportion

the incidence of
fluorosis, 500 children between the ages of 10 and 15 were
examined. Signs of disease were found in 78 children.
Calculate the 95% confidence intervals for the
proportion.
1. p = 78+500 = 0.156
1-p = 1-0.156 = 0.844

1. Let the observed proportion (expressed as a fraction
of 1) be = p; and the total number of observations
be =n

2. pX(l-p)

a

3. a+rt

4.

b
SE

Vb

5. Multiply SE by 1.645 (for 90% CI); 1.960 (for 95%;
CI); or by 2.576 (for 99% CI) as appropriate
6. CI of the proportion is: (p-y) to (p+y)

2. a = 0.156xO.844 = 0.132
3. b = 0.132+500 = 0.00026
4. SE = VO.00026 = 0.016
5. y = 0.016x1.96 = 0.031

Y

6. CI of the proportion
(0.156-0.031)

is:
to (0.156+0.031)

or 0.125 to 0.187

NOTES:

i. The method is not valid if (nxp) is less than 10, or if n(l-p) is less than 10
ii. When dealing with proportions, the multiplier is constant for a given degree of
confidence, irrespective of the number of observations. Its value corresponds to
that shown against infinity in table I

V. Confidence

intervals for the difference between two proportions

1. Let the greater proportion
observations

be p and the lesser proportion
nl and n2 respectively.

(unpaired

data)

be q; and the number of

2. p-q

3.
4.
5.
6.

pX(l-p)
qX(l-q)

a+nl
b+n2
7. SE of difference = Vf+g
8. Multiply SE by 1.645 (for 90% CI), by 1.960 (for 95% CI)or by 2.576 (for
99% CI) as appropriate
9. CI = (d-y) to (d+y)

d
a
b

f
g

Y

NOTES:

i. This method should not be used if nl or n2 is less than 30; or if p or q are outside
the range 0.1 to 0.9
ii. See note (ii) under method for calculating CI of a single proportion

Example. In a study comparing the clinical features of

It is simpler for most people to think of percentages
rather than of proportions expressed as fractions of 1.
intestinal tuberculosis and Crohn's disease, diarrhoea
We could work out this example substituting percentages
was observed in 38 out of 47 patients with Crohn's
for proportions as follows. Note the advantage in terms
disease and in 35 out of 105 patients with intestinal
of simplified arithmetic.
tuberculosis. Find the 95% confidence interval for the
difference in the two proportions.
1. P = 80.9%; q = 33.3%
1. p = 38+47 = 0.809; q = 35+ 105 = 0.333
2. d = 80.9-33.3 = 47.6
2. d = 0.809-0.333
= 0.476
3. a = 80.9X(100-80.9)
= 80.9x19.1 = 1545
3. a = 0.809x(1-0.809)
= 0.809xO.191 = 0.1545
4. b = 33.3x(100-33.3)
= 33.3x66.7 = 2221
4. b = 0.333x(1-0.333)
= 0.333xO.667 = 0.2221
5. f = 1545+47 = 32.87
5.
0.1545+47 = 0.003287
6. g = 2221 + 105 = 21.15
6. g = 0.2221 + 105 = 0.002115
7. SE of difference = V~0.-;;:00"""3"""'2=87=-+.,.....,0~.0"""0~2711~5
=
7. SE = V32.87+21.15
= V54.02 = 7.35
VO.005402 = 0.0735
8. y = 7.35x1.96 = 14.41
8. y = 0.0735 x 1.96 = 0.1441
9. CI = (47.6-14.41)
to (47.6+14.41) or
9. CI = (0.476-0.1441)
to (0.476+0.1441) or
33.19% to 62.01%
0.3319 to 0.6201

t=
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TABLE

I. Values by which SE is to be multiplied to estimate CI
Confidence level

Degrees of freedom

5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
30
40
50
60
70
80
90
100
120
oc

90%

95%

99%

2.015
1.943
1.895
1.860
1.833
1.812
1.796
1.782
1.771
1.761
1.753
1.746
1.740
1.734
1.729
1.725
1.721
1.717
1.714
1.711
1.708
1.697
1.684
1.676
1.671
1.667
1.665
1.662
1.661
1.658
1.645

2.571
2.447
2.365
2.306
2.262
2.228
2.201
2.179
2.160
2.145
2.131
2.120
2.110
2.101
2.093
2.086
2.080
2.074
2.069
2.064
2.060
2.042
2.021
2.008
2.000
1.994
1.990
1.987
1.984
1.980
1.960

4.032
3.707
3.499
3.355
3.250
3.169
3.106
3.055
3.012
2.977
2.947
2.921
2.898
2.878
2.861
2.845
2.831
2.819
2.807
2.797
2.787
2.750
2.704
2.678
2.660
2.648
2.638
2.632
2.626
2.617
2.576

COMMENT
1. By examining a CI it is possible to say whether or not
the difference between the two means is significant. The
difference is significant if the lower limit of the CI does
not include zero (i.e., it is not a negative number). If a
95% CI is used the difference is significant at the 5% level
(i.e., p<O.05); and if a 99% CI is used the difference is
significant at the 1% level (i.e., p<O.Ol). These results
correspond to those of the t-test on the same samples. In
example III the lower limit of the CI is negative. This
implies that if additional samples were to be taken from
the same population the mean for Group I could in some
cases be less than that for Group II. The negative value
of the lower end of the CI indicates that the difference
between the means is not statistically significant. However, if this was all that the CI told us there would be little
advantage in its use, over that of a t-test. In considering
the confidence level we have to remember that (a) the
mean difference is our best estimate of the differences in
the populations from which the samples were drawn; and
(b) that the probability of getting (in further samples)
a mean difference close to the observed value is much
greater than that of getting one nearer. the end of the
CI. If, for instance, the greater mean of our example
represented
an advantage in treatment,
the CI would
indicate that in most cases the advantage would hold and
the occasional disadvantage might be worth risking.
2. It is necessary to emphasize that the upper and lower
limits of a CI are not absolute limits. This is obvious from
the fact that the limits vary depending on the level of con-
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fidence employed. In the case of a 95% interval the limits
are those within which a mean (or other parameter) would
lie in at least 95% of trials. The possibility of these limits
being crossed in 5% of trials is implied. The upper and
lower limits of the CI have been referred to in the past as
confidence limits. However, the use of the term has been
viewed with disfavour on the ground that it suggests that
these are absolute values.
3. The recommendation
that CI be used 'when appropriate' begs the question 'when are they appropriate?'
This is a matter on which there can and will be much
difference of opinion. In my view their use would appear
to be appropriate when the results reported are likely to
be used by readers in deciding whether to choose a certain
treatment or an investigative procedure; or even for the
planning of future research. In situations in which the
results are mainly of academic interest, tests for significance are probably more appropriate. However, the use
of one does not have to exclude the use of the other. In
fact whenever authors of an article are uncertain which
test to employ it is best to use both the CI as well as tests
for significance, leaving the readers (and editors!) to
choose between them.
Once a decision to present CI is made, it is necessary to
decide on the level of significance. Standardization
at a
level of 95% has been suggested.? but this has been
criticized.' This level of confidence has the virtue that it
conforms to the minimum level (5%) required in tests of
significance. Unless clear reasons for using higher or
lower levels of confidence exist (depending on the need
for precision) it is safest to stick to 95% confidence levels.
We must remember that any level of confidence is arbitrary;
that the CI is not all inclusive; and that values outside the
interval may well be encountered.
Those interested in further information about CI (without getting lost in statistical jargon) are advised to read
the lucid accounts by Gardner and Altman,' Bulpitt.?
Berry- and Braitrnan.' Readers using a computer may be
interested to know that a computer programme called
CIA (confidence interval analysis) is being marketed by
the British Medical Association. The calculations given in
this article can also be done very easily by incorporating
the formulae into any spreadsheet programme.
REFERENCES

2
3
4
5
6

7
8
9

Gardner MJ, Altman DG. Confidence intervals rather than p values:
Estimation rather than hypothesis testing. Br Med J 1986;292:
746-50.
Bulpitt CJ. Confidence intervals. Lancet 1987;1:494-7.
Berry G. Statistical significance and confidence intervals. Med J
Aust 1986;144:618-19.
Braitman LE. Confidence intervals extract clinically useful information from data. Ann Intern Med 1988;108:296-8.
Thompson WG. Statistical criteria in the interpretation of
epidemiological data. Am J Public Health 1987;77:191-4.
Fleiss JL. Significance tests have a role in epidemiological research:
Reactions to A.M. Walker (Different views). Am J Public Health
1986;76:559-60.
Poole C. Beyond the confidence interval. Am J Public Health 1987;
77:195-9.
Armitage P. Statistical methods in medical research. Oxford:
Blackwell, 1971.
Snedecor GW, Cochran WG. Statistical methods. Ames, Iowa: State
University Press, 1967:

