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Introduction

Burnout is a psychological syndrome that develops in response to 
chronic job-related stressors.2 The Royal College of Psychiatrists 
defines burnout as “a syndrome of emotional exhaustion, involving 
the development of negative self-concepts, negative job attitudes 
and a loss of concern and feeling for patients. Stress and burnout 
lead to maladaptive coping strategies”.3 Burnout is specifically 
related to work, and previous psychological pathology is not 
a prerequisite. Burnout is generally considered to comprise 
three dimensions, emotional exhaustion, cynicism† and (lack 
of ) efficacy.‡4 A more detailed explanation of these three 
dimensions is outlined in the Appendix. The converse of burnout 
is engagement, a state of high energy, strong involvement, and a 
sense of effectiveness.2 A continuum between engagement and 
burnout exists.4

Anaesthetists and intensivists rank high among physicians who 

suffer from burnout.5,6 A 2015 Gauteng survey7 revealed that 

21% of academic hospital anaesthetists have high-risk scores 

for all three burnout dimensions. Their results also indicate that 

there may be a greater risk for burnout among academic hospital 

anaesthetists than those in private practice. 

We investigated burnout among SA anaesthetists using a 

validated survey. Our primary aims were to:

1. determine the prevalence and severity of burnout among 

members of the South African Society of Anaesthesiologists 

(SASA),

2. compare our SASA sample’s burnout scores with those of 

previous, normative studies,8 and

3. compare burnout prevalences and severity between the 

public and private sectors.

Secondary objectives were to compare the prevalence and 

severity of burnout among specific subgroups, namely between 

different age groups, genders, trainees and specialists, tertiary 

and non-tertiary hospitals, and between intensivists and 

anaesthetists. We also compared our South African findings with 
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those of previous, overseas studies that had employed similar 

benchmarks for burnout.

The main hypotheses were:

1. that burnout-risk scores of SASA members exceed normative 

values,8 and

2. that public-sector anaesthetists exhibit a greater prevalence 

and severity of burnout than anaesthetists in private practice.

Secondary hypotheses were that burnout prevalence is 

greater among younger vs older anaesthetists, female vs male 

anaesthetists, intensivists vs anaesthetists, trainees vs special-

ists, and South Africans vs overseas-based anaesthetists. Table II 

summarises the primary and secondary outcomes of this study

Methods

We conducted the survey between July and September 2018. 

All SASA members with known e-mail addresses were invited 

to participate by following a link to a web-based questionnaire. 

The invitation also assured anonymity, requested consent, 

and provided investigator contact details. By responding, 

participants granted consent for their responses to be used in 

the study. Responder bias and sensitisation to burnout was 

limited by excluding the word “burnout” in the invitation and 

introducing the study as a survey of work-related attitudes.

We employed two widely-accepted, validated instruments for 

assessing burnout and its causes (Mind Garden Inc. Menlo Park, 

USA): The first instrument, the Maslach Burnout Inventory-Human 

Services Survey for Medical Personnel (MBI-HSS(MP))9 comprises 

22 items. The questionnaire evaluates the frequency and severity 

of the three dimensions of burnout, namely emotional exhaustion, 

cynicism and efficacy. Respondents indicate their frequency of 

work-related feelings and attitudes on a seven-point Likert-scale 

ranging from 0 = never, to 6 = every day. The second instrument, 

the 28-item Areas of Worklife Survey, evaluates the causes of 

burnout. It does this by assessing the congruence between 

person and work environment in six areas of work-life, namely 

workload, control, reward, community, fairness, and values.10-13 We 

report our findings regarding the Areas of Worklife separately, in 

Part 2 of this study.1

The survey also requested social and demographic data including 

gender, age group, years since qualification, public or private 

practice, and level of qualification (specialist, trainee, practitioner 

holding a Diploma of Anaesthesia, or general practitioner). 

Completed questionnaires were automatically captured and 
stored on a secure REDCap server (https://projectredcap.org/). 

Sample size was calculated using Equation A4 (Appendix). A 4% 
margin of error, with 95% confidence level and correction for a 
population of 1 852 potential responders, required a sample of 
454. We aimed to recruit 500 or more anaesthesiologists.

Data analysis

We downloaded our data from the REDCap database into an 
Excel spreadsheet for analysis. Using the burnout categorisation 
scores depicted in Table I, we categorised participants’ scores for 
emotional exhaustion, cynicism, and efficacy as high, moderate, 
or low. 

The authors of the Maslach Burnout Inventory (MBI) emphasise 
that each of the three burnout dimensions should be evaluated 
separately, and that combining the scores into a single grade 
is invalid.9 However, for clinical purposes there is a need for a 
method by which to arrive at a dichotomous, clinical diagnosis 
of burnout, especially considering that in several European 
countries, burnout warrants sick leave (ICD-10 code Z73.0). 
Brenninkmeijer and Van Yperen proposed the “Emotional 
Exhaustion+1” principle, whereby a person can be diagnosed as 
being clinically burned out if he/she has a high score for emotional 
exhaustion plus either a high cynicism score or a low efficacy 
score.14 The authors of the Maslach Burnout Inventory concur 
that the “Emotional Exhaustion+1” rule14 defines a psychological 
state of sufficient severity that justifies a clinical diagnosis of 
burnout.15,16 We therefore analysed our questionnaire score 
results using a dual approach: (1) an analysis of the three burnout 
dimensions separately, and (2) an analysis of the proportions of 
respondents who could be diagnosed as being clinically burned 
out according to the “Emotional Exhaustion+1” rule. In addition 
we defined "extreme burnout" as high scores for all three 
burnout dimensions, which is a diagnosis that has been used by 
nine previous studies.17

To compare our findings with those from previous studies 
regarding burnout among doctors, we searched for studies 
that used both the complete Maslach Burnout Inventory‡ as 
well as similar burnout definitions. Rotenstein and co-workers 
attempted a meta-analysis of 182 studies that included 109 628 
physicians from 45 countries.17 Sanfilippo and colleagues 
attempted a meta-analysis of burnout studies that investigated 
only anaesthesiologists.18 Both groups were unable to complete 
their intended meta-analyses because of cut-off point and score 
classification heterogeneity. Nonetheless, these papers allowed 
us to identify several studies that met our criteria for comparative 

Table I: Categorisation of burnout scores

Burnout
dimension

Range
Score categories

High Moderate Low

Emotional exhaustion 0–63 > 26 19–26 0–18

Cynicism 0–35 > 9 6–9 0–5

Efficacy 0–56 > 39 34–39 0–33

Note that a low score for efficacy indicates high risk for burnout

‡ As opposed to a shortened version of the Maslach Burnout Inventory.
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purposes. We independently identified two other studies of 
burnout among anaesthetists that employed the "Emotional 
Exhaustion+1" diagnostic principle.19,20 We compared information 
from all identified studies with our findings. 

Statistical analysis

Table II summarises the primary and secondary outcomes of this 
study.

Internal consistency of the questionnaire was estimated by 
calculating Cronbach’s alpha coefficient.25,26 Using two-sided 
t-tests, we compared mean scores of the entire sample for the 
three burnout dimensions with those from a pre-identified 
normative study involving 1 104 healthcare workers.8 As within 
study group, data were not normally distributed; we compared 
the data using the Mann-Whitney U test for unpaired data and 
the Wilcoxon signed rank test for paired data. An alpha value 
<  0.05 was accepted as indicating a significant difference. We 
calculated ninety five percent confidence intervals (95%  CI) 
for differences between medians according to the Hodges-
Lehmann method.27,28 We compared proportional data using 
the chi-square test. We performed the Marascuilo procedure for 
nonparametric post hoc pairwise comparisons when analysing 
contingency tables that were larger than 2x2.29,30 We calculated 
95%  CI for proportions according to Wilson’s method.27 Survey 
scores derived from Likert scales are not intuitively meaningful 
clinical measurements. Therefore, differences between means, 
medians, proportions and their 95% CIs are difficult to interpret. 
In order to add meaning to the differences between groups, 
we report appropriate measures of effect-size, namely relative 
risk for differences between proportions and probability of 

superiority for the Mann-Whitney U and Wilcoxon signed ranks 
tests31 (Tables A1 and A2, Appendix). The statistical software we 
employed was MedCalc Statistical Software (Ostend, Belgium) 
and Confidence Interval Analysis (T Bryant).32,33

Results

This paper reports the results of the burnout, questionnaire 
(MBI-HSS(MP)). We report the Areas of Worklife Survey in a 
separate paper.1 There were 498 completed questionnaires: this 
represented a 26.9% response rate and carried a 3.76% margin 
of error. The Cronbach’s alpha coefficient (95% lower confidence 
limit) was 0.92 (0.91) for the questionnaire. For the three burnout 
dimensions, the alpha coefficients were 0.93 (0.92), 0.78 (0.75) 
and 0.76 (0.73) for emotional exhaustion, cynicism and efficacy 
respectively. These coefficients exceed the requisite reliability 
thresholds for research.25

The majority of respondents were male (53%) specialists (76%) 
and in private practice (74%), of whom 57% were part of a group 
practice. Public sector respondents worked predominantly (84%) 
in academic/tertiary hospitals. Eight intensivists responded 
(1.6%) (Table V). 

Table III displays the mean scores of the respondents taken 
as a whole. The mean emotional exhaustion score of all 498 
participants was significantly lower than normative values, with 
a small effect-size. Differences from mean, normative values 
regarding cynicism and efficacy were not significant, with small 
effect-sizes. Overall 113 of the 498 respondents (22.7%) were 
clinically burned out according to the “Emotional Exhaustion+1” 
principle. Of these, 37 (7.4%) had high emotional exhaustion + 

Table II: Primary and secondary outcomes

Primary outcomes

Variables Analysis

Maslach Burnout Inventory scores for 
emotional exhaustion, cynicism and 
efficacy considered separately

1. Compare the scores of whole SASA sample with scores from a normative study9

2. Comparisons between public and private sectors
• Compare scores for each burnout dimension
• Compare proportions of participants returning high and low scores for each burnout dimension

Prevalences of “clinical” and “extreme” 
burnout

1. Establish prevalences in the sample of SASA respondents taken as a whole
2. Compare prevalences between public and private sector anaesthetists

Secondary outcomes

1. Compare prevalences of clinically diagnosable burnout among subgroups
2. Compare the SASA results with those in previous, overseas studies17,19-24

Table III: Comparison of mean burnout scores returned by 498 SASA respondents, with normative values8 

Burnout dimension Mean SD 95% CI difference p Effect size (Glass’s ∆)

Emotional exhaustion
SASA 21.0 12.4

0.8 to 3.0 0.0008
0.15

(small)Normative 22.9 9.53

Cynicism
SASA 6.8 5.9

-0.3 to 0.9 0.339
0.054

(very small)Normative 7.1 5.2

Efficacy
SASA 36.5 7.6

-0.7 to 0.9 0.842
0.011

(very small)Normative 36.5 7.3

SASA – SASA respondents’ scores; Normative – normative scores8 
SD – standard deviation; 95% CI difference – 95% confidence interval of the difference between the mean values
Interpretation of Glass’s ∆: 0 = no effect; 0.2 = small effect; 0.5 = medium effect; 0.8 = large effect. For the calculation of Glass’s ∆, the denominator was the standard deviation of the normative 
(control) group.
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high cynicism scores, 23 (4.6%) had high emotional exhaustion + 
low efficacy scores, and 53 (10.6%) suffered “extreme burnout” 
(high scores for all three burnout dimensions). 

Comparisons between scores for the 3 burnout dimensions in 
public sector anaesthetists versus those in private practice, are 
shown in Table IV and in Figure 1. Anaesthetists in the public 
sector had significantly higher median emotional exhaustion and 
cynicism scores than those in the private sector (p < 0.0001). The 
median efficacy score was significantly lower in anaesthetists 
in the public sector (p  <  0.0001), indicating greater adversity*. 
Effect-sizes were medium for emotional exhaustion and cynicism, 
and small for efficacy.

With regard to high, moderate, and low score categories, greater 
proportions of public sector anaesthetists returned high scores 
for emotional exhaustion and cynicism and low scores for efficacy. 
Associated relative risks were high (Figure 1). Accordingly, 
smaller proportions of public sector anaesthetists had low scores 
for emotional exhaustion and cynicism and high scores for efficacy 
(indicators of engagement).

A comparison between the prevalence of clinically diagnosable 
burnout in public sector anaesthetists versus those in private 
practice, is shown in Table V and Figure 2. Both clinically 
diagnosable burnout and “extreme” burnout were more 
prevalent in the public than the private sector, with high 
associated relative risks. 

Subgroup comparisons regarding the prevalence of clinically 
diagnosable burnout are shown in Table V. Within the public 
sector, there were no significant proportional differences 
between tertiary and non-tertiary hospitals, or between 
trainees and specialists. In the private sector, there were no 
significant differences between solo, partnership or association-
type practices. We studied the influence of age on burnout. 
Respondents aged >  65 years had the smallest proportion of 
clinically burned out members (7%), which was significantly 
different from the age-groups 23–34 years (37%) and 35–44 
years (24%). We also studied the effect of experience on burnout. 
Those with >  15 years’ experience had a significantly smaller 
proportion of burned-out members. Three of eight intensivists 

Table IV: Comparisons of the burnout scores between SASA members working in the public (n = 189) and the private sector (n = 309)

Sector Median score Score category Interquartile range Range 95% CI difference p Effect size†

Emotional 
exhaustion

Public 26 Moderate 16.8–35.0 1–54
6 to 11 < 0.0001

0.69
(medium)Private 15 Low 9.8–25.0 0–52

Cynicism
Public 7 Moderate 4–12 0–29

2 to 4 < 0.0001
0.66

(medium)Private 4 Low 2–8 0–26

Efficacy
Public 35 Moderate 30–40 1–48

2 to 4 < 0.0001
0.62

(small)Private 39 Moderate 32.8–43.3 15–48

95% CI difference – 95% confidence interval of the difference between medians
p – p-value generated by Mann-Whitney U test
† Probability of superiority. Interpretation: 0.5 = No effect; 0.56 = small effect; 0.64 = medium effect; 0.71 = large effect; 0.8 = very large effect.
Note that higher scores for emotional exhaustion and cynicism, and lower scores for efficacy indicate increasing risk of burnout 
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Figure 1: Proportions of participants in the public and private sector 
who returned high, moderate and low scores for the three burnout 
dimensions

Colour codes indicate risk categories for burnout: Red – high risk; Yellow – moderate risk;  
Green – low risk. RR – relative risk (95% confidence interval) 
Note that lower scores for efficacy indicate higher risk of burnout (therefore coloured red)

* High scores for emotional exhaustion and cynicism and a low score for efficacy 
indicate high-risk for the burnout syndrome.
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were clinically burned-out; however, the group was too small for 
statistical analysis (prevalence 37.5%; 95% CI 13.7% to 69.4%).

Comparisons with previous studies are shown in Table VI. Using 

the information drawn from previous studies, we compared 

prevalences of high-risk scores for burnout between SASA 

members and those of overseas studies. We also compared 

prevalences of clinically diagnosable burnout and “extreme” 
burnout. Prevalences among South African anaesthetists in 
private practice were either smaller or did not differ significantly 
from those in overseas doctors. South African public sector 
anaesthetists consistently revealed higher-risk scores for all three 
burnout dimensions, as well as greater prevalences of clinically 
diagnosable burnout and “extreme burnout”.

Discussion

Overall, regarding the 498 SASA respondents, we did not detect 
significant differences from normative scores for the cynicism 
and efficacy burnout dimensions. Mean emotional exhaustion 
was significantly lower than the normative score, however the 
effect size was small. Thus, our first hypothesis that burnout 
scores of SASA members would exceed normative values 
was not confirmed. However, considering the overall 22.7% 
prevalence of clinically diagnosable burnout, it would be 
misleading to conclude that all is well amongst South African 
anaesthetists. Even more concerning is the confirmation of our 
second hypothesis, namely that the prevalence and severity of 
burnout among public sector anaesthetists exceeded that of 
private practitioners. The plight of public sector anaesthetists is 
highlighted by their 36.5% prevalence of clinical burnout. This 
reflects the large proportions of these respondents with adverse 
scores for the three burnout dimensions (Figure 1). Additionally, 
the prevalence of “severe” burnout was 17.5% in the public 
sector vs 6.5% in the private sector. The predicament of SA 
public sector anaesthetists is further underscored by evidence of 
greater burnout in this group than is to be found in several other 
countries (Table VI).

Our results agree with those of the 2015 study by Van der Walt 
and coworkers,7 whose data indicate that there was a greater 
proportion of academic anaesthetists with high scores for 
emotional exhaustion and cynicism compared with Gauteng 
private practitioners; relative risk (95% CI): emotional exhaustion 
2.8 (1.8 to 4.4); cynicism 1.9 (1.3 to 2.8). Our findings also 
concur with those of Sirsawy and co-workers who surveyed 
205 Bloemfontein anaesthesia registrars and medical officers.34 
Using slightly different cut-offs for the MBI-HSS(MP) scales, they 
concluded that 15.6% had high-risk scores for all three burnout 
dimensions, and that 42.0% were clinically burned out. 

Healthcare worker burnout has negative consequences for quality 
of care, personnel health, and healthcare organisations.35-37 
Burned out healthcare workers experience negative feelings 
towards patients,37 deliver poorer quality of care and make more 
errors,38-43 resulting in increasing malpractice claims.44 These 
issues are particularly relevant to anaesthesia. In order to mitigate 
risk and enhance perioperative patient safety, anaesthetists 
should ideally have high levels of engagement. Our study 
suggests that such levels of engagement are not always present 
among South African anaesthetists, as only 11% of public and 
28% of private practitioners returned low scores for all three 
burnout dimensions. Furthermore, our study indicates that 
about one of every five private practitioner anaesthetists and 

Figure 2: Proportions of anaesthetists with clinical burnout or 
engagement

A: Proportions of anaesthetists who could be diagnosed as being clinically burned 
out according to the “Emotional Exhaustion plus one” rule: i.e. a high score for 
emotional exhaustion plus a high score for cynicism or a low score for efficacy
B: Proportions of anaesthetists who suffered “extreme burnout”: i.e. a high score 
for emotional exhaustion plus a high score for cynicism plus a low score for efficacy
C: Proportions of anaesthetists with low-risk scores for all three dimensions of 
burnout and who can be regarded as having high levels of engagement with their 
work

Clinical diagnosis of burnout

Extreme burnout

Low-risk scores for all three burnout dimensions

A

B

C

37%
(30% to 44%)

18%
(13% to 24%)

11%
(7% to 16%)

23%
(19% to 27%)

10%
(8% to 14%)

22%
(18% to 26%)

14%
(11% to 19%)

7%
(4% to 10%)

28%
(23% to 33%)

Relative risk
2.6

(1.8 to 3.6)

Relative risk
2.7

(1.6 to 4.6)

Relative risk
1.2

(1.1 to 4.6)

SASA

SASA

SASA

Public

Public

Public
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one in three academic anaesthetists can be diagnosed 
with clinical burnout. 

Burnout also contributes to poor health among 
workers,45-52 poor self-care and interpersonal aggression.53 

Burnout can be contagious within a department.54-56 
Despite its non-inclusion in the Diagnostic and Statistical 
Manual of Mental Disorders (DSM–5), several authorities 
on the topic assert that burnout is actually a depressive 
disorder.38,57-61 

Healthcare organisations eventually suffer62 from 
decreased efficiency, increased absenteeism,52,63,64 and 
high staff turnover.36 The current high prevalence of 
burnout among academic hospital specialists may have 
widespread adverse consequences for future healthcare 
in South Africa. This small contingent is responsible for 
training future specialist anaesthetists. These specialists 
are perhaps not coping with the concurrent demands 
of onerous clinical and administrative workloads, 
teaching obligations, and supervision of trainee 
research projects. Furthermore, sufficient numbers of 
well-trained anaesthetists are essential to healthcare 
systems considering the multitude of their critical 
functions. Besides caring for patients in operating 
rooms, anaesthetists play vital roles in perioperative 
medicine (including preoperative evaluation and 
optimisation, and postoperative care). Additionally, 
anaesthetists are involved in intensive care, acute and 
chronic pain management, acute resuscitation and 
airway management, and procedural sedation (e.g. for 
endoscopic procedures, radiology, cardiology, paediatric 
oncology, and psychiatry). An overstressed, dysfunctional 
anaesthesia service will surely result in widespread 
deleterious effects throughout a healthcare organisation.

A limitation of this study is the low 29.6% response rate. 
Nevertheless, the reliability and consistency are good 
as indicated by the low <  4% margin of error and the 
adequate Cronbach’s alpha coefficients. Bias is an inherent 
limitation of all burnout surveys. This stems from burnout 
sufferers being either more inclined to participate or 
shun e-mail requests to complete questionnaires.

We conclude that the prevalence of the burnout 
syndrome is unacceptably high among South African 
anaesthesia providers, particularly in public hospitals. 
This poses an immediate threat to the mental and physical 
health of anaesthetists, and to the quality of patient care. 
The severity and prevalence of public teaching sector 
burnout is a real threat to the current effectiveness and 
future sustainability of the South African healthcare 
system.
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Appendix

Definitions of the three dimensions of the burnout 
syndrome (verbatim quote from Maslach and Leiter)4 

“Emotional exhaustion refers to feelings of being overextended 
and depleted of one’s emotional and physical resources. Workers 
feel drained and used up, without any source of replenishment. 
They lack enough energy to face another day or another person 
in need. The exhaustion component represents the basic 
individual stress dimension of burnout.”

“Cynicism, also known as depersonalization, refers to a negative, 
hostile, or excessively detached response to the job, which often 
includes a loss of idealism. It usually develops in response to the 
overload of emotional exhaustion and is selfprotective at first 
– an emotional buffer of detached concern. But the risk is that 
the detachment can turn into dehumanization. The cynicism 
component represents the interpersonal dimension of burnout.”

“Lack of Efficacy, also known as Personal Accomplishment, refers 
to a decline in feelings of competence and productivity at work. 
People experience a growing sense of inadequacy about their 
ability to do the job well, and this may result in a self-imposed 
verdict of failure. The inefficacy component represents the self-
evaluation dimension of burnout.”

Table A1: Interpretation of various statistical effect-sizes

Effect-size Glass’s ∆ Probability of superiority

None 0 0.5

Small 0.2 0.56

Medium 0.5 0.64

Large 0.8 0.71

Glass’s delta gives the number of standard deviations of the 
control group by which the difference between two means differ. 
The probability of superiority is the probability that a person 

picked at random from one group will have a higher score than a 
person picked at random from the other group.

Table A2: Calculation of the effect-sizes of various tests

Difference between 
point estimates

Effect-size 
index

Equation Reference

Means
(t-test)

Glass’s delta
m1, m2∆ =

sc 
Ellis 

(2010)31

Medians
(Mann-Whitney U)

Probability of 
superiority

U
PS =

n1, n2 
Grissom 
(1994)65

Medians
(Wilcoxon signed rank)

Probability of 
superiority

n+PS =
N

Sheskin 
(2007)66

m1, m2 – means of first and second groups; sc – standard deviation of control group
n1, n2 – numbers of subjects in the two groups; N – total sample size
n+ – number of positive differences
U – Mann-Whitney U statistic; 
Probability of superiority (PS) is also known as the common language effect-size statistic, 
probabilistic index, intuitive and meaningful effect-size index, and the measure of stochastic 
superiority

The margin of error of a survey’s random sample:

The “margin of error” of a survey is an estimate of its general 
precision and it is dependent on the sample size. It is defined 
as the widest possible radius of the confidence interval of a 
particular statistic obtained from the survey. This is perhaps best 
explained as follows. Suppose that a proportion of participants, 
p, from a random sample of size, n, return a particular answer to 
a certain question. The confidence interval for that proportion is 
given by p ± Zα/2 times the standard error of p, where Zα/2 is the 
desired degree of confidence. Thus

Equation A1:
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For confidence intervals of 90%, 95% and 99% values for Zα/2 
are 1.645, 1.96 and 2.58 respectively. The radius of a confidence 
interval is half its width, therefore the radius is given by

Equation A2:

Figure A1 depicts the radii of the 95% confidence intervals of 
samples of various sizes, versus p, the proportion of the sample. 
It can be seen that the maximum radius of a sample proportion 
occurs at a proportion of 0.5 and is smallest for proportions close 
to 0 and 1. The margin of error is defined as the maximum radius 
and is depicted by the dotted line, i.e. at a proportion of 0.5. Note 
that the margin of error decreases as the sample size increases. 

Figure A1: Radii of 95% confidence intervals for variously sized samples

A small correction can be made for a finite population size:

Equation A3:

Where N is the population size.

Table A3 displays various margins of errors for different sample 
sizes, corrected for a population size of 1 852.

Table A3

Sample size Margin of error

10 31%

100 9.5%

300 5.2%

500 3.75%

1 000 2.1%

Calculation of the required sample size for a survey

The desired margin of error is used to calculate a priori the 
sample size for a planned survey.

Equation A4:

Where z = Zα/2 (1.96 for a 95% confidence interval); p = a 
proportion of 0.5; err = desired margin of error; N = population 
size.

There are various Internet websites that enable calculations 
of margins of error and sample sizes for surveys, for example 
https://www.checkmarket.com/sample-size-calculator/ and 
https://www.surveymonkey.com/mp/sample-size-calculator/.
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