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Solution to home assignment 1

The solution presents one way in which the descriptive analysis could be done, but other ways are
possible as well. It is more detailed than required for a 100% mark, among other things by including
both the quantitative variables for the descriptive analysis when only one selected variable was re-
quired for the assignment. All analyses shown used Minitab 20, but other Minitab versions or other
programs, such as Stata, would give similar figures and results.

1. Descriptive analysis for entire sample

The variables scape and head are quantitative and continuous, even if apparently recorded in gaps of
10 units (micron). The variable worker is nominal categorical with only two categories, so it could
also be labelled as dichotomous or binary. According to the text, the data should be considered as a
(simple random) sample from the population of ants.

For simplicity, the descriptive statistics and graphical display for the continuous variables will use
the Graphical Summary menu in Minitab. With the fairly large sample size, the most appropriate
graphical representation of the distribution is a histogram, and the display also includes a box-plot
and all the commonly used descriptive statistics (plus some of less interest here; the graphs for the
confidence intervals have been omitted below).

Summary Report for scape Summary Report for head
Anderson-Darling Normality Test Anderson-Darling Normality Test
— A-Squared 7.56 - A-Squared 19.85
] P-Value <0.005 P-Value <0.005
Mean 2018.5 Mean 1663.0
StDev 2006 StDev 558.8
Variance 402305 Variance 3122019
Skewness 0.54012 Skewness 0920327
/ Kurtosis -1.14845 Kurtosis -0.907670
/ N 169 N 169
Minimum 1680.0 Minimum 1700
1st Quartile 1860.0 1st Quartile 12600
Median 1950.0 o Median 13400
3rd Quartile  2240.0 3rd Quartile 22600
Maximum 24700 Maximum 2840.0
1800 150 2100 2250 2400 95% Confidence Interval for Mean 1200 1500 1800 2100 2400 2700 95% Confidence Interval for Mean
1988.1 2049.0 15781 17478
—:I:li 95% Confidence Interval for Median _D:li 95% Confidence Interval for Median
19100 19774 12029 13874

95% Confidence Interval for StDev 95% Confidence Interval for StDev
1812 2246 5049 6256

Both distributions appear of a strange shape that at a closer look is seen to be strongly indicative
of a bimodal distribution. The bimodality is most pronounced for head where the two parts seem
completely separated in the histogram. It is not clear from the histogram for scape whether a complete
separation is also possible for this variable; one would need to look at the individual data points to
see that. Because of the bimodality, the usual descriptors for distributions related to center and
spread are of limited interest. For example, it is not informative to say that the mean for head equals
1663, when there are no observations around that value! Also the median and the skewness are of
limited meaning for the combined distribution, because they mostly reflect the proportions of values
from the two parts of the distribution. It is difficult to see from the graphs whether outliers could
exist; the rule for suspected outliers from the boxplot is pretty much useless in this case where the
boxes are so large; indeed, no suspected outliers are shown. Finally, from the discussion it should
be quite obvious that neither distribution is anywhere close to normal. The very low P-values for
the normality test confirm this, as would the corresponding normal probability /quantile plots (not
included here, because the conclusion is so obvious without them).



2. Separate descriptive analyses for minor and major workers

When redoing the descriptive analysis for the two types of workers separately, we see that those types
correspond exactly to the two modes earlier identified. This is not a coincidence — the journal article
describes how the two types were defined based on the morphological features (including measurements
of scape length and head width). We include in our analysis for each of the two variables (and worker
types) once more the Graphical Summary and add as well the normal plot. For obscure reasons,
Minitab produces rather strange looking plots in the Graphical Summary when plots for the two
types of workers are requested simultaneously; the plots below were constructed by first splitting the
data into separate worksheets.

Summary Report for scape Summary Report for scape
worker = minor worker = major

Anderson-Darling Normality Test Anderson-Darling Normality Test

A-squared 049 A-squared 030

P-Value 0.215 P-value 0584

Mean 1802.5 Mean 2286.9

StDev 838 StDev 67.8

Variance 7029.5 Variance 45956

skewness 0.262384 Skewness -0.0121373

Kurtosis -0.215359 Kurtosis -0.0015114

N 15 N 54

Minimum 1680.0 Minimum 21400

st Quartile 1830.0 1st Quartile 22400

Median 1890.0 Median 22900

3rd Quartile 1960.0 3rd Quartile 23400

1800 1875 1950 05 Maximum 20900 2160 24 120 200 80 Maximum 24700
95% Confidence Interval for Mean 95% Confidence Interval for Mean

_ 1877.0 1908.0 _ 22683 2305.4
95% Confidence Interval for Median 95% Confidence Interval for Median

1870.0 1900.0 22700 23200
95% Confidence Interval for StDev 95% Confidence Interval for StDev

I 742 963 SR N 57.0 837

Summary Report for head Summary Report for head
worker = minor worker = major

Anderson-Darling Mormality Test Anderson-Darling Normality Test

A-Squared 2.69 A-Squared 116

P-Value <0.005 P-Value <0.005

Mean 1296.8 Mean 24428

StDev 821 StDev. 2542

Variance 6736.0 Variance 646016

Skewness 101728 Skewness -0.642980

Kurtosis 0.79788 Kurtosis -0.522546

N 15 N 54

Minimum 170.0 Minimum 19100

1st Quartile 12400 1st Quartile 22675

Median 1280.0 Median 2505.0

3rd Quartile 13400 3rd Quartile 26425

I 1425 1575 Maximum 1580.0 Maximum 28400
95% Confidence Interval for Mean 95% Confidence Interval for Mean

_ " . 12816 1319 _ 23734 25122
95% Confidence Interval for Median 95% Confidence Interval for Median

1260.0 12900 24107 25629
95% Confidence Interval for StDev 95% Confidence Interval for StDev

727 943 2137 3138

The two variables are reviewed separately, also including interpretations of the normal probability
plots shown on the next page. For both body dimensions, the “major workers” are larger in size than
the “minor workers”.

e scape: both distributions are unimodal and roughly normal in shape; centered a bit below 1900
and 2300 for minor and major workers, respectively; somewhat larger spread for minor workers,
both in terms of the standard deviation and the IQR; both distributions fairly symmetrical (as
would be implied by them being roughly normal); neither distribution has suspected outliers
indicated in the boxplot; and normality tests are clearly non-significant (P = 0.22 and P = 0.58
with the AD-test), supporting them to be roughly normal. In summary, the distributions are
of similar shape, but the one for major workers is shifted upwards and has a somewhat smaller
spread relative to minor workers.

e head: the distributions are unimodal (with the possibility of a minor mode to the left for major
workers, but it’s not clear when looking at individual observations, e.g. in a dotplot, not shown)
but of clearly different shapes; centered around 1300 and 2500, respectively; much smaller



spread for minor workers (e.g., the IQR values are 100 and 375); right-skewed and left-skewed
(skewness values of 1.02 and -0.64, respectively); three suspected outliers in the right tail for
minor workers (of which one looks a bit suspicious), but none for major workers; clear evidence
against a normal distribution (P < 0.005) for both distributions (notice the different shapes in
the normal probability plots). In summary, the distributions look quite dissimilar, but appear
as clearly separated.

Probability Plot of scape
Normal - 95% CI

Probability Plot of scape
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3. Relationship between scape length and head width

The relationship between two quantitative variables is best shown with a scatterplot. The two groups
of workers may be shown in different plots or overlaid in the same plot with different plotting symbols
and /or colours. We choose to put head width on the y-axis and scape length on the z-axis (as in the
article), but there is nothing in the description of the study to suggest it cannot be done the other
way around (see plot on next page).

It is evident from the plot that the two variables are related (as one would expect from body mea-
surements of the same animals). The relationships appear both as positive, and maybe even roughly
linear (with some noise, in particular for major workers). Visually the relationships appear quite
distinct, and one would certainly not be able to fit one straight line through all the points.



Scatterplot of head vs scape

3000 worker

. ® major
L] ‘. o. B minor
LS
2500 z’ "::
-
** e
.
= *
& 20004 '.o
£ %

*I
n “H
1000 :

1500 1700 1800 1300 2000 2100 2200 2300 2400 2500

1500

scape

4. Scape length probabilities

The scape length distributions were found to be reasonably normal, so for the calculations here we
assume normality with the estimated parameters (X ~ minor workers, Y ~ major workers):

X ~ N(1892.5,83.8), and Y ~ N(2286.9,67.8).

The first two calculations below can be done using the standard normal table (e.g. Table B of PSLS)
after calculating the z-score, as shown below; it is also perfectly fine to do the calculations directly in
the respective distributions (e.g. with Minitab’s Probability Distribution Plot menu, as shown below).

a) Calculated directly, the z-score equals z = (2100 — 2286.9)/67.8 = —2.7566, or we can write

Y —2286.9 < 2100 — 2286.9
67.8 67.8

P(Y < 2100) =P ( > =P(Z < —2.7566) = 0.0029,

from Table B, or 0.002920 with a few added decimals from software.
b) Calculated directly, the z-score equals z = (2100 — 1892.5)/83.8 = 2.2761, or we can write

X —1892.5 S 2100 — 1892.5
83.8 83.8

P(X > 2100) = P ( ) = P(Z > 2.4761) = P(Z < —2.4761) = 0.0066,

from Table B, or 0.006641 with a few added decimals from software. The distribution plots for
a) and b) are shown below.
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¢) The calculations above show that for x = 2100, the probability for minor workers is larger.
When decreasing x, the probability for major workers will decrease and the probability for
minor workers will increase, therefore the two probabilities will become more different. This
means we need to increase x, and an approximate solution can be found by trial and error
(which is considered an acceptable approach).

We can also solve by setting up an equation on z-scale, using the formulas from above with
2100 replaced by x and noting that the probability in b) is most easily calculated by switching
from “>” to “<” (as indicated). The calculations go as follows,

PY<z) = P(X>uz), or
= — 2286.9 z — 18925 z — 18925
P<Z< 67.8 ) - P<Z> 83.8 >:P<Z<_ 83.8 > o
z — 2286.9 x —1892.5
678 s38 "
83.8(x — 2286.9) = —67.8(x — 1892.5), or
(83.8+67.8)r = 83.8-2286.9+67.8 - 1892.5 = 130682.2, or
r = 130682.2/(83.8 + 67.8) = 2110.51.

With this value for z, the two probabilities both equal 0.004640.

The above method determined the cut-point between the two distributions by making the
(mis)classification probabilities equal. Another idea is to choose z to make the two density
curves equal. The resulting equations become a bit cumbersome to solve (a quadratic equation
in z), but one can approximate the solution by calculating the density curves on a suitable
grid of values (e.g. using Minitab’s Calc—Probability Distribution menu), leading to a solution
slightly below 2107.5. Several other statistical procedures can be applied to this problem as well,
such as discriminant analysis and logistic classification. The methods differ in the assumptions
made about the distributions and will therefore not give exactly the same answers.



