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StatiSticS 3.10
Relating to page 110 of Level 3 Statistics Learning Workbook

Making a formal inference

Sample investigation
The multivariate table of data gives a sample of average 
hourly earnings and average weekly income in 2011 for three 
groups of people. Both part-time and full-time workers have 
been included. The data source is the New Zealand Census.

Data source: Household Income Survey, Stats NZ.

15–24 year age 
group

25–64 year age 
group

65 years or 
over age group

Hourly 
earnings

Weekly 
income

Hourly 
earnings

Weekly 
income

Hourly 
earnings

Weekly 
income

10.65 356 17.91 766 16.51 406
14.12 494 21.35 897 39.50 975
10.32 376 18.20 770 18.46 413
11.98 419 36.80 1215 10.40 370
10.66 356 18.07 778 17.71 316
18.95 565 85.00 3230 11.19 383
14.12 494 10.70 360 13.16 482
11.19 383 19.20 815 17.53 454
10.29 348 13.96 485 20.89 874
16.51 406 72.50 2900 18.29 765
11.62 402 19.41 821 19.52 480
19.2 815 39.50 975 18.20 770
11.98 419 20.89 874 16.04 449
18.20 770 13.05 457 26.78 1112
12.52 443 21.35 897 17.96 550
39.50 975 19.52 480 85.00 3230
13.05 457 23.15 974 21.35 572
16.04 449 18.24 770 18.25 775
14.12 494 23.26 970 20.21 609
13.96 485 25.48 1069 20.24 560
20.89 874 11.19 383 39.50 975
14.95 507 26.24 1098 21.96 638
15.80 505 72.50 2900 11.98 419
15.51 502 26.78 1112 24.11 648
18.24 770 52.45 2098 72.50 2900
13.96 485 41.65 1460 19.52 480
45.00 1620 19.20 815 32.90 1184
17.95 782 55.25 2100 19.45 830
13.05 457 16.51 406 26.24 1098
23.26 970 18.45 810 13.96 485
13.96 485 26.78 1112 16.51 406
20.89 874 21.96 638 18.20 770

10.60 365 24.11 648 19.52 480
16.25 455 13.05 457 39.50 975
18.42 785 72.50 2900 11.19 383
18.15 760 26.78 1112 18.35 790
10.65 356 18.2 770 21.35 897
26.78 1112 21.35 897 26.78 1112
11.19 383 45.00 1620 10.90 410
39.50 975 68.00 2450 18.20 770
13.05 457 11.23 395 16.52 406
23.26 970 49.50 1880 19.52 480
18.20 770 82.50 2950 44.00 1584
19.52 480 92.00 3312 85.00 3230
14.95 507 20.89 874 15.51 502
45.00 1620 15.51 502 14.95 507
10.29 348 85.00 3230 11.98 419
18.24 770 39.50 975 82.50 2950
16.04 449 72.50 2900 15.51 502
11.98 419 13.15 477 14.12 494
17.00 255 26.78 1112 18.25 780
15.51 502 44.00 1584 20.89 874
14.95 507 68.00 2450 21.35 572
14.12 494 62.25 2180 14.95 507
26.78 1112 15.51 502 39.50 975
10.65 356 20.89 874 19.52 480
39.50 975 72.50 2900 17.20 602
13.05 457 85.00 3230 13.65 520
23.26 970 90.50 3620 21.35 572
17.20 602 44.00 1584 14.95 507
10.29 348 39.50 975 20.89 874
13.96 485 26.78 1112 11.98 419
18.20 770 82.50 2950 26.24 1098
10.65 356 68.00 2450 19.52 480
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Problem:
What is the difference between the median hourly earnings (in dollars) for people aged 15–24 years and the median hourly 
earnings for people aged 65 plus in New Zealand in 2011?

Analysis:
Using iNZightVIT software to analyse this data, a dot plot and box-and-whisker plot are drawn for both samples of hourly 
earnings (the 15–24 year old sample and the 65 plus sample), and the medians calculated.

Age versus hourly earnings
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Summary of hourly earnings by age

Age Min. 1st Qu. Median Mean 3rd Qu. Max. Std.dev Sample.
Size

n. 
missing

15–24 10.29 12.39 15.23 17.49 18.28 45 8.17 64 0

65 plus 10.4 15.91 18.95 23.9 21.5 85 16.7 64 0

Observations of the original samples of earnings:

The median hourly earnings for 15–24 year olds is $15.23 while the median hourly earnings for over-65 year olds is $18.95, a 
difference of $3.72. This suggests that in this sample the median hourly earnings for over-65 year olds is slightly higher than 
that for 15–24 year olds. This is what would be expected as many of the 15–24 year olds will be in their first jobs and on the 
minimum wage. However, the difference is quite small, which is not unexpected as those over 65 may be more likely to be 
retired or taking on part-time work at a lower hourly rate than they would have earned pre-retirement.

Both samples have fairly symmetric distributions with each age group having a few ‘outliers’ representing higher than usual 
incomes – for the 15–24 year olds there were five individuals earning $40 to $45 per hour; for the 
65-plus group there were four individuals earning between $70 and $85 per hour. These few higher values would have had an 
impact on the sample means, resulting in a higher mean than median for both groups.

The hourly earnings for the 65-plus age group were a little more closely clustered around the sample median, with an 
interquartile range (IQR) of approximately $5.60 per hour compared with the IQR of approximately $5.90 per hour for the 
15–24 year olds. Both distributions have the greatest spread in the upper 25% of wages.

In this sample there is a significant amount of overlap between the distribution of the wages of 15–24 year olds and that of 
over-65 year olds, with more than 75% of 15–24 year olds having hourly wages lower than 50% of the over-65 year olds.

Both distributions of hourly earnings appear to be skewed to the right, with that of the over-65 year olds slightly more so. In 
both cases the mean hourly rate is higher than the median hourly rate as it has been affected by the few higher wage earners, 
which justifies the choice of the median as the parameter of interest.

In this sample, most of the hourly wages for 15–24 year olds are clustered between $10 and $20 per hour. This is what would 
be expected as most people this age would be in their first job with relatively low wages. What is somewhat more unexpected 
is that more than 50% of over-65 year olds had hourly incomes under $20 per hour.
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Difference between median hourly earnings
A bootstrap confidence interval for the difference between population median hourly earnings is constructed.

We can be reasonably sure that the median hourly income for all over-65 year olds in New Zealand is between $1.47 and $5.56 
more than the median hourly income for all 15–24 year olds in New Zealand. As this interval does not contain zero, we can 
be quite sure that the median hourly earnings for people aged 65 or older is higher than the median hourly earnings for those 
aged 15–24 years.

However, the lower limit of this confidence interval is quite close to zero, which would suggest there may be little difference 
between the two median hourly rates. Because of sampling variability, a different sample could result in a different confidence 
interval, which could potentially contain zero. In this case it would not be possible to conclude that there was any difference 
between the median hourly earnings. The presence of outliers, particularly in the sample for the 65-plus group, could have 
skewed results, although we would expect that these outliers would only affect the mean and have less impact on the median.

To improve the accuracy of the confidence interval and to reduce variability from sample to sample, larger initial sample sizes 
could be used.

Conclusion
It seems very likely that the median hourly earnings of people aged over 65 is higher than the median hourly earnings of 
people aged 15–24 years, for people represented in the NZ Census data.

This conclusion is justified as the confidence interval for the difference between the median hourly earnings in the population 
for the two groups does not contain zero and is entirely positive.

This result seems reasonable, as those in the 65-plus age group would generally have significant work experience which would 
allow them to command a higher hourly rate. Those in the 15–24 year group are more likely to include individuals who are in 
part-time employment (according to current unemployment data), particularly in those positions paying minimum wage.

Some further details about the nature of the data would be of use. At age 65 or older, individuals would be entitled to receive 
National Superannuation and it would need to be clarified whether this has been included in the average hourly earnings or if 
the figures applied only to paid employment. Also, there is no indication whether individuals were in part-time or full-time work 
which would affect average the hourly rate – those in part-time work are more likely to be paid an hourly rate, whereas those 
in full-time work may be paid a fixed salary, which when converted to an hourly rate, may skew the figures.

Within the group of 15–24 year olds it would be interesting to further investigate the possibly multimodal nature of the data – 
within this age range there may have been a group on minimum wage (the peak observed around $15 per hour) and a group 
in their ‘second’ job, earning at a higher level. This second group investigated alone may have produced results more consistent 
with the hourly earnings of those aged 65 or more. It would also be interesting to compare the hourly earnings for the 15–24 
year olds with the hourly earnings of workers aged 65 or more, who are doing similar jobs.

Because the lower limit of the confidence interval for the difference in the medians is close to zero, the claim that those aged 
65 or more in the population have higher median hour earnings must be treated with caution and further investigation is 
warranted to clarify the conclusion.


