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How Precise are our estimates?
Confidence Intervals

Jeff Sauro, PhD
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Calculator: Try it Yourself
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What 3 users can tell you that 3000 cannot
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95% Confident
between 9% and 57% of users
would have the problem
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Would an errata sheet guide Users
to avoid a mistake in documentation?
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The Oatmeal.com

6 out of  8:  40% to 94%
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Is fear of stolen data a major inhibitor
from paying a bill on a mobile website? 
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5 out of  16:  14% to 56%
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Confidence Intervals: Precision & Location 
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A confidence Interval has 3 ingredients
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Confidence 
Level

Variability Sample
Size

The most likely range of the unknown population mean
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Different confidence levels for Task Difficulty
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80% Confidence Level 95% Confidence Level 99% Confidence Level

Extremely 
Difficult

Extremely 
Easy

Intervals get wider with higher confidence
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Variability
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Confidence Interval Width
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The Method & Math Behind the 
Confidence Interval
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Confidence Interval Learning Map
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We want to measure everyone 
(Population Mean)

Samples means estimate
the population mean

Samples Means are In “Error”

But Sample Mean Errors Follow
a “Normal” Pattern

Population Mean & Standard Deviation
“model” the Normal pattern

Most means fall within a predictable range in 
the normal pattern (Confidence interval)

We rarely know the 
Population Mean & SD

Sample Mean & SD Estimate
Population Mean & SD

[ Some Math ]
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A population is defined by its mean
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σμ [PARAMETERS]

SURVEY SAMPLE

[STATISTICS]x s

Mean & Standard Deviation
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Mean: Typical Value or Midpoint
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Central Tendency

Sample of 85 Men’s heights

5’10 6’2” 6’6”5’5”5’1”

Mean

X
_
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Standard Deviation
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500 Heights of North American Men
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5’10 6’4” 6’7”5’4”5’1” 5’7” 6’1”
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500 Heights of North American Men
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5’10 6’4” 6’7”5’4”5’1” 5’7” 6’1”

Mean +2sd +3sd-2sd-3sd -1sd +1sd

99.7%

95.4%

68.2%

2.15% 13.6% 13.6% 2.15%
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Mean +2sd +3sd-2sd-3sd -1sd +1sd

Weight of 2000 Euro Coins
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95.4%

68.2%

2.15% 13.6% 13.6% 2.15%

99.7%

<1% <1%

7.53 7.60 7.637.467.42 7.49 7.56
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MLB Games Won by Team for 31 seasons
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95.4%

68.2%

2.15% 13.6% 13.6% 2.15%

99.7%

-3sd -2sd -1sd Mean +1sd +2sd +3sd

79 105 1185340 66 92

-3sd
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500 Heights of North American Men
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5’10 6’4” 6’7”5’4”5’1” 5’7” 6’1” 5’10 6’4” 6’7”5’4”5’1” 5’7” 6’1”
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Total Area adds up to 100%
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Normal (z) Scores
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40

30

20

10

0
5’1 5’4 5’7 5’10 6’1 6’4 6’7

84%

16%

Z-Score is the number of standard deviations above or below the mean

𝑧 =
6′1 − 5′10

3
=
3

3
= 1𝑧 =

5′5 − 5′10

3
=
−5

3
= −1.67
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Z-Score Concept
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▪Z-score is the # of Standard Deviations a value is from the mean

▪If you know the z-score, use a table of values to find area:

• Find how extreme a value is (1 sided area) called percentile rank

• Find the % of values that fall within that many SD’s of the mean (2 sided area)
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Normal Distribution (2-Tailed)
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Normal Distribution (1-Tailed)
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Quick Exercise 1

30

1. An observed average rating of 6

2. An observed average rating of 4.1

Find the z-scores if the industry average rating of ease is a 5.1 and the standard 
deviation is a .7 on a 7 point rating scale.

𝑧 =
(𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝐴𝑣𝑔 − 𝐼𝑛𝑑𝑢𝑠𝑡𝑟𝑦 𝐴𝑣𝑔)

𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛

𝑧 =
6 − 5.1

.7
=
.9

.7
= 1.29

𝑧 =
4.1 − 5.1

.7
=
−1

.7
= −1.42
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Quick Exercise 2
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1. What is the percentile rank of a task with 
an avg. rating of 6 (z-score of 1.29)?

2. What is the percentile rank of a task with 
an avg. rating of 4.1 (z-score of -1.42)?

3. What percent of values would we expect 
fall within 1.6 SD of the industry average 
score of 5.1?

Use the table to answer the following questions
about ease scores and the industry average.

Z-Score 1 Tailed % 2 Tailed %

-2.0 2% 5%

-1.7 4% 9%

-1.4 8% 16%

-1.1 14% 27%

-0.8 21% 42%

-0.5 31% 62%

-0.2 42% 84%

0.1 54% 8%

0.4 66% 31%

0.7 76% 52%

1 84% 68%

1.3 90% 81%

1.6 95% 89%

1.9 97% 94%



Quick Quiz
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True or False
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95% of values fall within 2 standard deviations of the mean.

A z-score is measured in standard deviations

3 Standard deviations above and below the mean account for 
around 99% of values. 



MeasuringU 2017

Confidence Interval for Rating Scale Data
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35

30 40 50 60 70 80 90 100

Mean = 80

95% CI (67 to 94)
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How Much Will the Sample Mean Vary?
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Visualize the confidence interval

37

30 40 50 60 70 80 90 100

95% CI (67 to 94)
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SUS Benchmarks by Product
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CIS For Management
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QUICK QUIZ
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Which has the wider confidence Intervals?
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A B
Sample Size (n) = 50

95% Confidence Levels

80% Confidence Levels

Standard Deviation = 12

Standard Deviation = 12

Sample Size (n) = 10

90% Confidence Levels

99% Confidence Levels

Standard Deviation = 82

Variance = 144
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Confidence Interval for Completion Rates

42MeasuringU 2017



MeasuringU 2017

Task Completion Rate CI
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Ƹ𝑝 ± 𝑧
(1−

𝛼
2
)

Ƹ𝑝(1 − Ƹ𝑝)

𝑛

Wald Confidence Interval

44

What is taught in school

Terrible for Small Samples or when np < 15

Z score (α changes for confidence level)

Proportion (#instances/# total responses )
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.56
18

Adjusted – WALD [8/14 users = .57]

45

.57 +_ 1.96
.57 (1-.57)

14

+_ 1.96
.56 (1-.56)

Adjust the proportion by adding 2 to the 
numerator and 4 to the denominator (10/18)

The adjusted denominator (total number of users)

We are 95% confident that the best estimate of the entire customer population is between 33% and 79%

.56

18

2

Z
2

~ + 4 to Denom. 

Z
2

+ 2 to Num.
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Confidence Interval for Task Time Data
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Task Time Data is Skewed
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Logarithm is just an Exponent

50

Exponent Logarithm

101 = 10

102 = 100

103 = 1000

Log(10) =1

Log(100) = 2

Log(1000) = 3

What is Log 10,000?
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50 Task Times Transformed

51

70 140 210 280 350 420 490

4.2 4.5 4.8 5.1 5.4 5.7 6.0

Raw Times

Transformed Times (logs)

6.3
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Error
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3 5 7 9 11 13 15 17 19 21 23 25

10%

20%

30%

40%

Sample Size

% RMS Error

Median

Geometric Mean
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ഥ𝑥 ± 𝑡
(1−

𝛼
2
)

𝑠

𝑛

Confidence Interval General Form
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ෝ𝑝 ± 𝑧
(1−

𝛼
2
)

ෝ𝑝(1 − ෝ𝑝)

𝑛

Avg. Z/t Standard Error

Continuous

Binary
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95% Confidence Interval
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6.2
1

2

3

4

5

6

7

1 Confidence Interval

2 Margins
of Error

~ 4 Standard 
Errors

=

Margin of Error (d)

= =
n

s

x

n

s

n

s

n

s

x + 2 *
n

s



MeasuringU 2017

95% Confidence Interval Exercise
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6.2
1

2

3

4

5

6

7

1 Confidence Interval

2 Margins
of Error Margin of Error (d)

x + 2 *
n

s

Mean: 6.2 SD: 1.18 N:50

= ҧ𝑥 ± 2
𝑠

𝑛

= 6.2 ± 2
1.18

50

= 6.2 ± .33

= 95% Confident Mean is between 5.8 & 6.5

=
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10 Things to Know about Confidence Intervals
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1. Most likely range of the unknown population average or percentage

2. Location and precision of a measure

3. Three things impact the width of a confidence interval

1. Confidence Level

2. Variability

3. Sample Size

4. The confidence interval is equal to two margins or errors

5. Use the t-confidence interval for continuous data

6. For task times, log transform then use t

7. Use the adjusted Wald for binary data

8. Compute on sample sizes as small as 2

9. We are 95% confident in the method, not in any given interval

10. Overlap in intervals are a quick way to check for statistical significance 
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Confidence Interval Exercises
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About MeasuringU
MeasuringU is a quantitative research firm based in Denver, Colorado focusing on quantifying the user experience. 

Remote UX Testing Platform 
(Desktop & Mobile) 

UX Research Measurement 
& Statistical Analysis

Eye Tracking & Lab 
Based Testing


