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Class Outline
• What is sample size and why do we calculate it?
Defining population and sample with examples
Importance of sample size calculation

• Sample size, sampling error and types of sample size calculations
• Power-based sample size calculations
Hypotheses with Type 1 and Type 2 errors

• Formula and software-based sample size calculations
Sample size and power calculation using G*Power software

• Summary
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Defining Population

A population is the entire group you want to look at 
and draw conclusions about
• For example, you want to look at the data of people 

going for chiropractic adjustment in New Zealand.
• Or you want chiropractors in New Zealand to fill out 

a survey for you. 

Population

In the first example, your population includes all the people in 
NZ who are going for chiropractic adjustments. Similarly in the 
second example, your population includes all chiropractors in 
NZ. 
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Defining Sample

Population

Sample

A sample is a specific group from a 
population that you will collect data 
from.

• For example, if our population is 
people going for chiropractic 
adjustments in NZ, then our sample 
is people going for chiropractic 
adjustments at NZCC.
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Population vs Sample Examples

Population Sample

Advertisements for IT jobs in the New Zealand. The top 50 search results for advertisements for IT 
jobs in the New Zealand on December 1, 2021.

Songs from the Song Contest in Auckland. Winning songs from the Auckland Song Contest that 
were performed in English.

Undergraduate students in the New Zealand. 300 undergraduate students from three Auckland 
universities who volunteer for your chiropractic study.

All countries of the world. Countries with lowest COVID-19 mortality rates.

Chiropractors in New Zealand Chiropractors at NZCC 
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What Is Sample Size?

• Sample size refers to the number of participants or observations included in a 
study (How many subjects you need in your study?).

• For example, you want to look at 25 people who are attending chiropractic 
sessions at NZCC. So, your sample size will be 25.

• Or you want to include 25 chiropractors from NZCC in your survey.

• Where does this sample size number 25 come from and is it important?
• This number usually comes from previous study results, piloting work in 

conjunction with your study’s hypothesis and outcome parameters. 
• Yes, it is very important to estimate your sample size before starting your study.
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Examples – Case Study – 1 Participant

(Postles, Haavik and Holt 2010)
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Examples – Whole Head EEG Study in Denmark
19 participants (two sessions)

(Lelic et al 2016)
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Example: Randomized 
Controlled Trial 
recording at:
Baseline
After 4 weeks
After 12 weeks

60 older adults
(two groups)

Ankle position sense

Step in response to 
stimulus

Maintain balance

Sight and sound 
processing

Quality of Life(Holt et al 2016)
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Why Do We Need To Calculate Sample Size?

• In a research project, we start our study with a research question. For example, 
will spinal adjustment help improve quality of life?

• In a semester, you have four months to collect data and find answers to your 
research question. You know that you can collect data from 50 participants in 
these four months.

• Will you be able to find answer to your research question with 50 
participants? Can you do it with less then 50 to save time and resources?

• The answer to these questions comes from estimating the sample size before 
collecting data.
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Sample Size and Research Design

• Sample sizes vary across different research designs. Therefore, to know your study design is 
fundamental to calculating sample sizes.

• Let us look at some mostly used research designs in chiropractic research.
• Case studies interprets an individual case (sample size = 1). For example, In a case study done 

by Chu & Lin in 2018, a 47-year-old man suffering from Neck–Tongue Syndrome (NTS) was 
successfully treated with a chiropractic approach.  

• Case control studies compares patients who have outcome of interest (Cases) with patients 
who do not have the outcome (Control). For example, you want to compare the patients with 
neck pain at NZCC (Cases) with patients without neck pain at NZCC (Control). Generally, 10 to 
30 participants in each group are used for these case control studies (sample size). However, 
this sample size can vary based on your research question and methodology (invasive or non-
invasive).
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Sample Size and Research Design

• The most used randomized control trials (RCTs) randomly assigns participants into an 
experimental group or a control group. For example, you have 100 patients at NZCC with neck 
pain and you devise two protocols to treat them, one with technology (experimental group) 
and one without technology (control group). 

• If you conduct an RCT, your 100 patients will be randomly allocated to experimental and 
control group. There can be different sessions of an RCT (depends on your research question). 
The sample size for these RCTs is usually high (in hundreds).

• Let us look at one practical example, where an RCT was conducted to assess the efficacy of 
chiropractic spinal manipulative therapy (SMT) in the treatment of migraine. In this study, a 
six-month randomized control trial was conducted with 127 participants divided into control 
and treatment group.
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Importance of Sample Size Calculation

• There are following advantages of sample size calculations:

• To show that, your research question has good chances to get answered.

• To show that the necessary resources (human, time, and money) are minimized and well 
utilized
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What Do You Need to Know to Calculate Sample Size?

• Sample size calculation is an educated guess.

• There is no magic involved; only statistical and mathematical logic.

• You should be aware of your population, sample, research question,  
and output parameters. 
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Sample Size Estimation 
(how much is enough)

Too Big:

Requires too much resources 
(time, human, and money). 

Too Small:

Will not be able to answer 
your research question.

The answer depends on:
• The precision you want. 
• The power to estimate difference.
• Your hypothesis, research question and outcome measures. 
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Helpful Information for Sample Size Calculations

• Important information regarding our outcome measures, study 
design, research question can be gathered from. 

• Previous studies (Literature review). 

• Pilot studies. 
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Sampling Error

• As we stated earlier, we select a small sample from larger population 
to answer our research question. For example, we select 25 people 
undergoing chiropractic adjustment at NZCC out of hundreds.

• No matter how careful we are at selecting these 25 people there will 
still be a margin of error in our results.

• This is because we did not talk to all the people going to NZCC for 
chiropractic adjustment.

• This unavoidable margin of error is known as sampling error. 
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Types of Sampling Errors

• There can be other types of sampling errors which can be avoided. 
• A population-specific error occurs when a researcher doesn't understand who to survey. 

For example, you are looking for patients at NZCC with neck pain but surveying all patients 
at NZCC. Researchers can minimize population-specific error with clearly defining the 
research question with population.

• Selection error occurs when only those participants who are interested in the survey 
respond to the questions. For example, patients happy with their chiropractic adjustment 
filled your survey. In this case, you will not be able to generalize your findings as your 
selection of patients was biased. Researchers can attempt to overcome selection error by 
finding ways to encourage participation.

• A sample frame error occurs when a wrong sample is selected from the targeted 
population data. For example, your population is patients at NZCC, and you want to look at 
patients with neck pain at NZCC, but you select patients at NZCC with pain.
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Sampling Error vs Sample Size

• Sampling error can be eased by sample size. 
• A large sample size means small margin of error. For example, if we want to 

know the exact answer to our research question, “Does spinal adjustment 
improves quality of life?”, we need to talk to plenty of patients at NZCC.

• But a large sample size can increase resource utilization and imagine getting 
data from 200 patients instead of 25.

• Then there is a point after which increasing sample size does not impact 
sampling error. This point is known as law of diminishing returns.

• Therefore, it is crucial to estimate correct sample size before starting your 
study.
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Types of Sample Size Calculations

• There are two approaches to sample size calculations:
• Precision-based: With what precision do you want to estimate the   

outcome measures? How accurate do you want it to be? In general, a 
confidence interval of 95% is used. 

• Power-based: How small a difference is important to detect and with 
what degree of certainty?

• For power-based calculations we need to define our hypotheses 
based on the research question.
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Let’s Start With Sample Size Calculations

• Start by looking at your research question. In our previous example 
we use the research question:

• Will spinal adjustment help improve quality of life?
• With this research question you can define two hypotheses:
Spinal adjustment will improve quality of life (Alternate Hypothesis, H1)
Spinal adjustment has no impact on quality of life (Null Hypothesis, H0)  

• Null hypothesis is your fallback option (or, in other words, it states no 
affect).
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Hypotheses and Errors

• We define two hypotheses, now there can be two possible 
conclusions:

• H1 is correct (There is an affect)
• H0 is correct (There is no affect)
• In light of these conclusions, there can be two types of errors: 
• Type 1 error 
• Type 2 error
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Type 1 Errors

• It is the probability of finding a difference (or rejecting Null 
hypothesis) while there was no difference (Null hypothesis was true).

• For example, in our example research question, if we claim that 
spinal adjustment improves quality of life (QOL), but it had no affect 
on QOL. We committed a type 1 error. 

• Also known as significance level denoted by alpha (α). 
• Usually set at 5% (or 0.05). 
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Type 2 Errors

• It is the probability of not finding a difference (or accepting Null 
hypothesis) while there was a difference (alternate hypothesis was 
true). 

• For example, in our example research question, if we claim that 
spinal adjustment does not improves quality of life (QOL) but it had 
affected QOL, we committed a type 2 error. 

• Denoted by Beta (β). 
• Power is usually 1-β. 
• Usually set at 80% (or 0.80).  
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Power-based Sample Size Calculation
• Seeing as type 2 error is linked with power, let us look at type 1 and 

type 2 errors with graphical distribution to understand how it affects 
power and sample size. Let's revisit our example hypotheses:

Alternate hypothesis (H1)
Is correct.

Null hypothesis (H0) 
is correct

mean mean

H1 is correct (There is an affect of spinal adjustment on QOL)
H0 is correct (There is no affect)
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0 1

0.2

0.3

critical t = 2.67779

H1 is correct.
H0 is correct.

Type 2 error: H1 is correct, but we 
are rejecting it

Type 1 error: H0 is correct, but we 
are rejecting it

Critical value (t or z) is based on 
type 1 and type 2 errors

Power = 1 - β

Power-based Sample Size 
Calculation
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• As we can see in the previous slide, there is tradeoff between the 
power and type 1 error.

• For example, if we reduce type 2 error (β) this will increase the 
power (1 – β) but at the same time we are increasing type 1 error. Look 
at the distribution below:

0.2

0.3

critical t = 2.04227

Power = 1 - β

Power-based Sample Size Calculation
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• Overall, the parameters we use to calculate power:

Type 1 error = α = 0.05

Type 2 error = β = 0.20 

How much difference between means you want to see (effect size) Large = 0.8, 
medium = 0.5, small = 0.2

We use these parameters to calculate critical value either z or t (shown in previous 
slide). 

At the end we use this critical value with effect size to calculate sample size.

Power-based Sample Size Calculation
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• Using the mentioned parameters, we can calculate sample size by:

• Using a formula (very basic mathematics)

• Using a software

Power-based Sample Size Calculation
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Sample Size Calculation Formula
• For the scope of this study, we will use critical value of Z to calculate sample size.

• N = 
2 × 𝑆𝑆𝑆𝑆2 ×(𝑍𝑍𝛼𝛼+ 𝑍𝑍𝛽𝛽)2

𝑑𝑑2

• N = sample size
• SD = standard deviation (usually comes from data or literature)
• d = clinically significant difference (comes from piloting work or literature)
• Zα = 1.96 for α = 0.05      for confidence interval 95%
• Zα =  2.58 for α = 0.01     for confidence interval 99%

• Zβ = 0.842 for β = 0.2      for 80% power
• Zβ = 1.282 for β = 0.1      for 90% power
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Sample Size Calculation Examples

• Problem 1
• Research objective: to see whether spinal adjustment improves quality of life.
• Outcome: QOL scale from 10 to 100

• Significant clinical difference = 15 (If QOL increased by 15 after spinal adjustment it 
validates the hypothesis)

• We want to be correct 80% of the time when there is a difference of 15 in QOL (Power = 1-
β = 0.8).

• With 99% confidence interval, α = 0.01

• Standard deviation = 30
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Sample Size Calculation Examples

• Let's use the formula 

• N = 
2 × 𝑆𝑆𝑆𝑆2 ×(𝑍𝑍𝛼𝛼+ 𝑍𝑍𝛽𝛽)2

𝑑𝑑2
= 2 × 302 ×(2.58+0.842)2

152
= 1800 ×11.71

225
= (94 Sample size)

• This shows that if we use 94 people, it will give us 80% power.

• Which means that in our study 80 percent of the time, we will be able to detect 15 increase 
in QOL with 99% confidence interval.
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Power and Sample Size Calculation Using Software

We used formula of sample size to calculate sample size for given power. In this 
section, we will calculate sample size using a software. 
Also, for the scope of this lesson, we will not go into mathematics of power 
calculation and use a software for power calculation as well.

G*Power is free software that helps you calculate power and sample size. 
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Sample Size Calculation Using G*Power

Type of test you are performing
Clinically significant effect size = 0.31 (Usually comes from 
literature)
Significance level = α = 0.01
Power = 1-β = 0.8 = 80%
Sample size calculated is 98

Critical t value

Distributions

If we use 98 people in our study, we will get 80% power. 
Which means that we will be right 80% of the time about 
our prediction/results. Which is good enough.
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Power Calculation Using G*Power
• Let us calculate Power using a software with our very first example where we had only 4 

months to collect data and we could collect data from 50 people. Will 50 be enough? let’s 
see:

Type of test you are performing
Clinically significant effect size = 0.31 (Usually comes from 
literature)
Significance level = α = 0.01
Sample size = 50
Power calculated is 46%

Critical value

Distributions

If we use 50 people in our study, we will get 46% power. 
Which means that we will be right 46% of the time about 
our prediction/results. Which is not good enough.© Haavik Research 2021



Examples – Case Study – 1 Participant

(Postles, Haavik and Holt 2010)
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Examples – Whole Head EEG Study in Denmark
19 participants (two sessions)

(Lelic et al 2016)
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Example Randomized 
Controlled Trial 
recording at:
Baseline
After 4 weeks
After 12 weeks

60 older adults
(two groups)

Ankle position sense

Step in response to 
stimulus

Maintain balance

Sight and sound 
processing

Quality of Life(Holt et al 2016)
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Summary
• A population is the entire group you want to look at and draw conclusions about. 
• A sample is a specific group from a population that you will collect data from.
• Sample size refers to the number of participants or observations included in a study (How 

many subjects you need in your study?).
• Sample size vary across different research designs, therefore, to know your study design is 

fundamental to calculating sample sizes.
• Type I error is finding a difference (or rejecting Null hypothesis) when there was no 

difference (Null hypothesis was true). 
• Type II error is not finding a difference (or accepting Null hypothesis) while there was a 

difference (alternate hypothesis was true). 
• Following points should be kept in mind for sample size and power calculations: 

• Define research question well. 
• Consider your study design, outcome variable, and its measurement.
• Chose appropriate type 1 (α) and type 2 (β) errors according to your requirement.
• Use appropriate formula or software depending upon your statistical tests (t-test, ANOVAS etc.) 
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