	[bookmark: _Hlk134097512]Point estimators and confidence intervals
	



	[bookmark: _Hlk134097523]
	Cosmina Ioana Bondor, Andrada Elena Urda-Cîmpean, Ioana Gheorghiu



POINT ESTIMATORS AND CONFIDENCE INTERVALS
[bookmark: _Hlk119907886]Cosmina Ioana Bondor, Andrada Elena Urda-Cîmpean, Ioana Gheorghiu

LEARNING OBJECTIVES
After completing this practical session, students will be able to:
· Import a dataset from Excel into Jamovi.
· Assess the normality of quantitative data using a graph (histogram) and descriptive statistics.
· Calculate and interpret the 95% confidence interval for the mean.
· Select a subgroup using a filter.
· Calculate the mean of a quantitative variable within a subgroup.
· Calculate and interpret the 95% confidence interval for a frequency (proportion).
· Calculate the frequency of a qualitative variable within a subgroup.
SCENARIO
Researchers conducted a study to describe the characteristics of adults with iron deficiency. The following data were collected for each patient: ID, Sex (M/F), Age (years), Total cholesterol (mg/dL), Blood glucose (mg/dL), Haemoglobin (g/dL), Area of residence (Rural/Urban), Vitamin D2 deficiency and Vitamin D2 therapy. 
The data are available in the file LP06_Estimates_BD.xlsx in the worksheet Data. The data will be analysed using JAMOVI.
REQUESTS
I. [bookmark: _Hlk119837556]CONFIDENCE INTERVAL FOR THE ARITHMETIC MEAN – use JAMOVI
Aim: Import a dataset into Jamovi. 
1. Download the Excel file LP06_Estimari_BD.xlsx to your Desktop.
2. Open Jamovi and import this Excel file. For each variable, check that the variable type and the order of the categories have been set correctly, and change them where necessary. (see the file LP06_Hints.pdf)
Aim: Report the results of the statistical analyses performed in Jamovi.
3. Create a new WORD document named LP06_Report _ LF.  (LF = Last and Firstname). 
a) On the first page, type the title “Confidence Intervals” – format it as: font ARIAL BLACK, size 20, underlined and centred. 
b) On the next line, type “CONTENTS” – format it as: font Times New Roman bold, size 14.
c) Number the pages, with the page number in the bottom-right corner.
d) On the second page, type the chapter title “1. Confidence interval for mean cholesterol” – format the title as Style  → Heading 1
Note: After EACH EXERCISE is solved in JAMOVI, COPY the statistical results into the LP06_Report _ LF file.
Aim: Assess the normality of the cholesterol distribution using a histogram, descriptive statistics and the Shapiro–Wilk test.
 4. Create a graph of the distribution of the variable Total cholesterol.
a) Copy the graph into LP06_Report _ LF  (see the file LP06_Report_Model.pdf).
b) Add the title for this graph: Figure 1. Distribution of total cholesterol in the study group.
5.  Calculate the following descriptive statistics: mean, median, mode, skewness and kurtosis.
a) Copy the resulting table into LP06_Report _ LF. 
b) Add the title for this table: Table 1. Descriptive statistics for total cholesterol in the study group.
c) Interpret the results by completing the table below, entitled Table 2. Normality of the total cholesterol distribution, and copy it into LP06_Report _ LF.
Table 2. Normality of the total cholesterol distribution
	Questions
	Answers

	Histogram:

	Is there one frequency class with a higher frequency than the other classes? 
	Yes/No

	Is the class with the highest frequency located in the centre of the graph?
	Yes/No

	Is the distribution roughly symmetrical (approximately bell-shaped)?
	Yes/No

	Descriptive statistics: 

	mean ≈ median ≈ mode?
	Yes/No

	skewness between -1 and 1?
	Yes/No

	excess kurtosis between -1 and 1?
	Yes/No

	How is total cholesterol distributed?
	normal / not normal



Aim: Calculate the 95% confidence interval for the arithmetic mean of total cholesterol in the population of adults with iron deficiency.
6. Calculate the 95% confidence interval for the arithmetic mean of Total cholesterol. 
a) Copy the resulting table into LP06_Report _ LF (see the file LP06_Report_Model.pdf).
b) Copy into LP06_Report _ LF the correct interpretation of the confidence interval, chosen from the options below: 
i. There is a 95% probability that the sample mean of total cholesterol lies in the interval [187; 195].
ii. We are 95% confident that the true mean of total cholesterol (the population mean) in adults with iron deficiency lies in the interval [187; 195].
iii. The interval [187; 195] contains the true mean total cholesterol (the population mean) in adults with iron deficiency, with a margin of error (or risk of error) of 5%.
Aim: Calculate the 95% confidence interval for the arithmetic mean of total cholesterol in the population of women with iron deficiency.
7. Apply a filter so that only female patients are included in the analysis.
8. Calculate the 95% confidence interval for the arithmetic mean of Total cholesterol in the subgroup of women.
a) Copy the resulting table into LP06_Report _ LF (see the file LP06_Report_Model.pdf).
b) Write your interpretation of the confidence interval in LP06_Report _ LF.
[bookmark: _Hlk119837601]II. CONFIDENCE INTERVAL FOR A FREQUENCY – use JAMOVI
9. On the next page, type the chapter title “2. Confidence interval for the frequency of vitamin D deficiency” – format the title as Style  → Heading 1
Aim: Estimate the frequency of vitamin D deficiency in the study sample.
10. Create a graph of the distribution of the variable Vitamin D deficiency.
· Copy the graph into LP06_Report _ LF (see the file LP06_Report_Model.pdf).
Aim: Calculate the 95% confidence interval for the relative frequency of vitamin D deficiency in the population of adults with iron deficiency.
11. Calculate the 95% confidence interval for the relative frequency of vitamin D deficiency.
[bookmark: _GoBack]a) Copy the resulting table into LP06_Report _ LF (see the file LP06_Report_Model.pdf).
b) Copy into LP06_Report _ LF the correct interpretation of the confidence interval, chosen from the following:
i. We are 5% confident that the true relative frequency of vitamin D2 deficiency (the population frequency) in adults with iron deficiency lies between 12.7% and 29.2%.
ii. We are 95% confident that the relative frequency of vitamin D2 deficiency in the sample of adults with iron deficiency lies between 12.7% and 29.2%.
iii. The true relative frequency of vitamin D2 deficiency (the population frequency) in adults with iron deficiency lies between 12.7% and 29.2%, with a margin of error of 5%.
Aim: Calculate the 95% confidence interval for the relative frequency of vitamin D deficiency in the population of urban adults with iron deficiency.
12. Calculate the 95% confidence interval for the relative frequency of vitamin D deficiency in the population of urban adults with iron deficiency.
a) Copy the resulting table into LP06_Report _ LF (see the file LP06_Report_Model.pdf).
b) Write in LP06_Report _ LF the correct interpretation of the confidence interval.
Aim: Compare the precision of the 95% confidence interval for the relative frequency of vitamin D deficiency in all adults with iron deficiency with that of the 95% confidence interval in urban adults with iron deficiency only.
13. On the last page of LP06_Report _ LF, write down the two confidence intervals for the relative frequency of vitamin D deficiency in a) all adults with iron deficiency and b) urban adults with iron deficiency only, and answer:
· Which interval is narrower, i.e. more precise?
· How would the precision change if a 99% confidence level were used instead of 95%?
14. Generate an automatic table of contents on the first page of LP06_Report _ LF.
OPTIONAL
1. Estimate the arithmetic mean of Haemoglobin separately for men and women. 
a. Create a graph of the variable Haemoglobin separately for men and women.
b. Calculate the descriptive statistics for the variable Haemoglobin separately for women and men.
c. Calculate the 95% confidence interval for mean Haemoglobin separately for women and men. 
2. Estimate the relative frequency of vitamin D2 deficiency in the population of rural adults with iron deficiency and calculate its 95% confidence interval.
KEY POINTS TO REMEMBER!
· A confidence interval is calculated from sample data (using statistics computed on the sample), but the result refers to the population: it estimates the value of the parameter of interest in the population.
· The interval is constructed so that, if the study were repeated on a large number of samples, 95% of the resulting intervals would contain the true population value of the parameter. This is why we say we are 95% confident that the calculated interval contains the parameter.
· The confidence level (1-α) is chosen by the researcher before the analysis; α = 0.05 corresponds to a 95% confidence interval.
· Confidence intervals can be used to estimate various population parameters (mean, proportion, relative risk, etc.), but the formula for the interval differs for each. It depends on the sampling distribution (the distribution obtained by repeating the study on all possible samples of the same size). For example, for the mean, the sampling distribution is normal for large samples and follows Student’s t-distribution for small samples.
2

4

