
The secret life of the  
confidence interval 

Simon Gates 



Confidence intervals 

Risk ratio 1.12,  

95% confidence interval 0.95, 1.32 







Why have CI been promoted? 

• Over-reliance on significance tests and assumption 
that “significant” = clinically important 

• Estimate “uncertainty” or “precision” of point 
estimates 

• Estimate the range of values that the parameter 
could take  

 

Gardner and Altman, BMJ 1986 



What do confidence intervals mean? 

Audience participation 



What do confidence intervals mean? 
The confidence interval indicates the level of uncertainty around 

the measure of effect (precision of the effect estimate) … 

…by having an upper and lower confidence limit we can infer 

that  the true population effect lies between these two points.  

If the confidence interval crosses 1 e.g. 95%CI 0.9-1.1 this 

implies there is no difference between arms of the study.  

(paper by a famous statistician 2005) 

(paper in a clinical journal 2017) 

(website intended for  
medical students) 



General beliefs 

• 95% CI show range where true value is most likely to 
be (95% probability) 

• 95% CI shows the range of most plausible or most 
likely values for the treatment effect 

• True difference is more likely to be near the middle 
of the CI 

• If experiment is repeated, 95% of estimates of 
treatment effect will fall in the 95% CI 

• Values outside a 95% confidence interval are unlikely 
(probability of < 5%) 



How are CI used? 

• Often used as surrogate significance tests 

– If zero effect is outside 95% CI, difference is significant 

– If not, non-significant 

• Rarely any consideration of uncertainty or range of 
effects consistent with the data 

 



How are CI used? 

• Sample of 111 “non-significant” treatment 
comparisons 

• Four leading medical journals (Lancet, BMJ, JAMA, 
NEJM) 

• Only FOUR comparisons (3 papers) referred to 
confidence interval or uncertainty when drawing 
conclusions 

• 60% concluded “treatment not effective,” or “no 
difference,” and 24% “no significant difference” even 
if CI clearly included clinically important values 



Primary outcome (time to stroke, MI or death): 
Hazard ratio 0.87, 95% CI 0.76, 1.00 



Dementia; intervention 121/1853, control 112/1601 
HR 0.92, 95% CI 0.71, 1.19 
 
Conclusion: “Intervention did not result in a reduced 
incidence of all-cause dementia.” 



What is the problem? 

• CIs don’t mean what people usually think they mean 

• Real meaning is a bit different, and not what people 
expect. 

• 95% CI show range where true value is most likely to be (95% probability) 

• 95% CI shows the range of most plausible or most likely values for the 
treatment effect 

• True difference is more likely to be near the middle of the CI 

• If experiment is repeated, 95% of estimates of treatment effect will fall in 
the 95% CI 

• Values outside a 95% confidence interval are unlikely (probability of < 5%) 



Correct definition of 95% CI 

An interval for a parameter constructed by a 
method that ensures that, in a long run of 
replications, 95% of the intervals will include the 
true value of the parameter. 



Correct definition of 95% CI 

“Method that ensures that, in a long run of 
replications, 95% of the intervals will include the 
true value” is a CONFIDENCE PROCEDURE 

 

  

Intervals it produces are CONFIDENCE INTERVALS. 



Correct definition of 95% CI 

95% probability of including the true value is a 
property of the population of all possible CIs 

 

NOT 

 

any individual CI that results from a single 
experiment  



Some interesting consequences… 

There is not a unique correct confidence procedure 

– Many different procedures give valid confidence 
intervals 

– (for 50% CI) half of the time make a CI with zero 
length, half the time with infinite length 

– What would this mean for the usual interpretations 
of CIs? 

 

 

 





Why can’t we say that a single 95% CI shows a 
range with 95% probability of including the true 
value? 

95% of all possible 95% confidence intervals 
include the true value 

 

But a single study gives us only one confidence 
interval 

 



Why can’t we say that? 

Probability that an interval contains the true value 

is not the same as 

Probability that the true value is between the limits of a 
specific interval 

 

Probabilities of different things: 

- any interval containing true value; all have different 
limits 

- true value being in a specific range defined by one 
interval 





Another argument 

• There is not one unique confidence procedure 

• Many procedures can give valid confidence intervals 

 

[confidence procedure produces intervals with the 
property that true value is in the interval with specified 
probability] 

 

• Compare two confidence procedures 



Both are valid 50% confidence procedures that  
produce 50% confidence intervals 

With acknowledgement to Richard Morey 





Why are CIs like this? 

Originally formulated by Neyman (1930s) 

 

Aim was to calculate an interval such that, if you assert 
that the true value is in this interval, you will be correct 
a specified percentage of the time, in a long run of 
repetitions of the experiment. 

 

Similar to hypothesis testing; a basis for making 
decisions while controlling the probability of errors.  
Not necessary or possible to interpret meaning of a 
specific interval. 



Neyman 1941 



Where does this leave us? 

• Confidence intervals don’t mean what they are 
usually supposed to mean. 

• How should we interpret a single confidence 
interval? 

– confidence intervals closely related to significance tests 

– 95% CI contains all the values that are not significantly 
(p<0.05) different from the data 

– Hence use of CIs as significance tests 

• Range of values that are compatible (not significantly 
different from) the data 



Irony? 

• Confidence intervals promoted to overcome 
problems of significance tests. 

• But their most reasonable interpretation is … as 
significance tests. 



What do we want? 

• Confidence intervals don’t do the things that we 
would like 

– Indicate range with specified probability  

– Show most likely values 

• If those are things that we want, Bayesian methods 
are the way to get them 

• We should use the appropriate methods for what we 
want to do rather than interpreting conventional 
methods wrongly 



Evidence of misunderstanding 

Gave 562 participants (students and researchers) six (incorrect) 
statements about confidence intervals  

An experiment finds that the 95% CI for the mean is from 0.1 to 0.4: 

 

1. The probability that the true mean is greater than 0 is at least 95%. 

2. The probability that the true mean equals 0 is smaller than 5%. 

3. The “null hypothesis” that the true mean equals 0 is likely to be incorrect. 

4. There is a 95% probability that the true mean lies between 0.1 and 0.4. 

5. We can be 95% confident that the true mean lies between 0.1 and 0.4. 

6. If we were to repeat the experiment over and over, then 95 % of the time        

the true mean falls between 0.1 and 0.4. 



Evidence of misunderstanding 

Proportion of respondents saying each 
statement was true ranged from about 30% to 
about 90% 

 



“You must unlearn 
what you have 

learned.” 



Summary 

• Confidence intervals are usually 
misinterpreted 

• 95% CI don’t show a range with 95% 
probability of including the true value 

• The do show a range of values that are 
“compatible” (nor “significantly” different 
from) the data 

• If we want probabilities of the most likely 
values, we need to use Bayesian methods 


