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INTRODUCTION

- Normal distribution is a highly helpful tool in statistical analysis, being 
characterised by its symmetrical, bell curve and has the mean, median and mode all 
being equal.

- The normal distribution curve follows the "68%, 95%, 99.7% rule", showing that 68%, 
95% and 99.7% of data values lie between one, two and three standard deviations 
(STDEV) from the mean, respectively. Based off this, you can approximate the exact 
probability of an event occurring in certain normally distributed situations.

- In this investigation, 6 examples of primary and/or secondary, continuous data will 
be thoroughly analysed to explore the wide uses of the normal distribution. Note 
that for each example, a sample size of at least 30 is needed to maintain accuracy 
of results.

- Mean (µ) = (sum of data) / (number of data sets)

- Median = middle number in numerically ordered data (find mean if number of data sets is even)

- Mode = most reoccurring number in data set

- Standard deviation (σ) = measure of spread: sqrt((∑((data value) - µ)²) / (number of data sets))





- For each example displayed in this investigation, the full data set, mean, STDEV and normally 
distributed bell curve is displayed (keep note that both the median and the mode are the same 
value as the mean).

- For each curve, the mean is positioned roughly near the centre, while the labelled intervals are 
split by the STDEV value. This is done to simplify the process of calculating the probability of 
data in each example falling between a certain number of standard deviations.

- By performing these calculations, you can observe if the probabilities meet near the 68%, 95%, 
99.7% rule, determining how "normal" the data set is for each example.

- The following probability notation is used to represent a normally distributed curve 
with respect to the mean and STDEV value to easily compare data following the same mean 
and standard deviation to determine how "normally distributed" the data is.

- During the analyses of each data set, standardised score (Z or Z-score) will also be 
calculated using the following formula. A standard score is a number expressing a certain data 
value as a number of STDEVs above / below the mean. This is done to identify any 
potential outliers in a data set and explain any sorts of characteristics of the data set.



(1) EXAM RESULTS

# OF DATA = 44

# OF DATA WITHIN ((μ-σ) ≤ X ≤ (μ+σ)) = 30 ⇒ 30/44 = 68.18%

# OF DATA WITHIN ((μ-2σ) ≤ X ≤ (μ+2σ)) = 42 ⇒ 42/44 = 95.45%



EXAM RESULTS ANALYSIS

- The calculations in the previous slide showed that for the exam results data, 68.18% (30/44) 
of the data values were within one STDEV from the mean (36.3 ≤ X ≤ 67.9), and 95.45% 
(42/44) of the values were within two STDEV's from the mean (20.5 ≤ X ≤ 83.7).

- This means the data was -0.09% off perfect accuracy from a normal distribution 
curve showing that 68.27% of data lies within one STDEV from the mean, and that there was 
perfect accuracy from a normal distribution curve showing that 95.45% of data lies with two 
STDEVs from the mean.

- Based off this information, it's safe to assume this data set is highly distributed normally.

- There is a significant outlier in the data set, being a 6.7%, meanwhile the closest data values 
from it is a small cluster of low 30%'s. Being more precise, there is a 24% difference from the 
outlier and the second-lowest data value. This outlier may have resulted from a major 
complication during the middle of taking the exam, or didn't bother properly trying.

- There is a major cluster near the mean of the data set, of values from 50-56%, making up 
12/44 of data values in the set. This is very common for normally distributed data, especially 
considering how close from the mean it's located.



LOWEST SCORE = 6.7: Z = (6.7 - 52.1) / 15.8 = -2.87

HIGHEST SCORE = 86.7: Z = (86.7 - 52.1) / 15.8 = 2.19

-2.87 represents the standard score for 6.7, the lowest score in the data set, 
showing this data is significantly low compared to the rest of the data set, 
having minimal other values near it.

2.19 represents the standard score for 86.7, the highest score in the data 
set, showing this data is very high compared to the rest of the data set, but 
wouldn't be considered an outlier.

In summary, the analysis of the exam results showcases how difficult the 
entire cohort that took the exam believed it was. With a mean being barely 
above a passing mark, and 18/44 (40.91%) failing the exam, it's safe to 
assume the exam was overall extremely difficult.



(2) STUDENTS' HEIGHTS

# OF TOTAL DATA = 33

# OF DATA WITHIN ((μ-σ) ≤ X ≤ (μ+σ)) = ⇒ 19/33 = 57.58%

# OF DATA WITHIN ((μ-2σ) ≤ X ≤ (μ+2σ)) = 31 ⇒ 31/33 = 93.94%



STUDENTS' HEIGHTS ANALYSIS

- The calculations in the previous slide showed that for the students' heights data, 
57.58% (19/33) of the data values were within one STDEV from the mean (162.5 ≤ 
X ≤ 181.9), and 93.94% (31/33) of the values were within two STDEV's from the 
mean (152.8 ≤ X ≤ 191.6).

- This means the data was –10.69% off perfect accuracy from a normal 
distribution curve showing that 68.27% of data lies within one STDEV from the mean, 
and that it was also +1.51% off perfect accuracy from a normal distribution curve 
showing that 95.45% of data lies with two STDEVs from the mean.

- Based off this, you can infer the data set is decently close from being a normal 
distribution.

- There is a minor outlier, being 150cm. There is a significant 8.5cm 
differencebetween that value and the second-lowest value, the largest 
differencebetween neighbouring data values.



LOWEST SCORE = 150: Z = (150 – 172.2) / 9.7 = -2.29

HIGHEST SCORE = 194: Z = (194 – 172.2) / 9.7 = 2.25

- -2.87 represents the standard score for 6.7, the lowest score in the data 
set, showing this data is significantly low compared to the rest of the data 
set, having minimal other values near it.

- 2.19 represents the standard score for 86.7, the highest score in the data set, 
showing this data is very high compared to the rest of the data set, 
but wouldn't be considered an outlier.

- In summary, this analysis of Year 11 students' heights shows how spread out 
heights can be in people of the same age range (range = 194 – 150 = 44cm), 
but also showcases the fact that majority of heights lie near the 
mean, hence its normally distributed characteristics.



(3) STUDENTS' ARM SPANS

11

# OF TOTAL DATA = 33

# OF DATA WITHIN ((μ-σ) ≤ X ≤ (μ+σ)) = 20 ⇒ 20/33 = 60.61%

# OF DATA WITHIN ((μ-2σ) ≤ X ≤ (μ+2σ)) = 31 ⇒ 31/33 = 93.94%



STUDENTS' ARM SPANS ANALYSIS:

- The calculations in the previous slide showed that for the students' arm spans data, 
60.61% (20/33) of the data values were within one STDEV from the mean (162.8 ≤ X ≤ 
185.4), and 93.94% (31/33) of the values were within two STDEV's from 
the mean (151.5 ≤ X ≤ 196.7).

- This means the data was –7.66% off perfect accuracy from a normal distribution curve 
for 68.27% of data lying within one STDEV from the mean, and that it was also +1.51% 
off perfect accuracy from a normal distribution curve showing that 95.45% of data lies 
with two STDEVs from the mean.

- There are no outliers, significant gaps nor clusters in this data set.

- Based off this information, you can infer this data is decently close from being 
normally distributed.



LOWEST SCORE = 155: Z = (155 – 174.1) / 11.3 = -1.69

HIGHEST SCORE = 198: Z = (198 – 174.1) / 11.3 = 2.11

In summary, this analysis of Year 11 students' arm spans goes 
to show the significant range in lengths when surveying 
people in the same age range (range = 198 – 155 = 43cm). 
The ranges from the 68%, 95% rule could've been closer as well 
in the sample size was bigger; 33 is barely above the 
minimum of 30. With there being no outliers, significant 
gaps nor any clusters in data and these conditions, this data 
set is a very fairly normal distribution.



(4) SUM OF 3 DICE

# OF TOTAL DATA = 41

# OF DATA WITHIN ((μ-σ) ≤ X ≤ (μ+σ)) = 30 ⇒ 30/41 = 73.17%

# OF DATA WITHIN ((μ-2σ) ≤ X ≤ (μ+2σ)) = 40 ⇒ 40/41 = 97.56%



SUM OF 3 DICE ANALYSIS:
- The calculations in the previous slide showed that for the sum of 3 dice data, 73.17% 

(30/41) of the data values were within one STDEV from the mean (6.9 ≤ X ≤ 
13.3), and 97.56% (40/41) of the values were within two STDEV's from the mean (3.7 
≤ X ≤ 16.5).

- This means the data was +4.9% off perfect accuracy from a 
normal distribution curve for 68.27% of data lying within one STDEV from the 
mean, and that it was also +2.11% off perfect accuracy from a normal distribution 
curve showing that 95.45% of data lies with two STDEVs from the mean.

- Considering this is data coming from a theoretically possible range of (3 – 18), there 
are no outliers nor gaps in the data set.

- Based off this, you can assume this has very close to normally distributed data.



LOWEST SCORE = 4: Z = (4 – 10.2) / 3.2 = -1.94

HIGHEST SCORE = 17: Z = (17 – 10.2) / 3.2 = 2.13

In summary, this data set of sum of 3 dice is an accurate 
representation of the mathematical probabilities of the 
outcomes for finding the sum of throwing 3 dice, but could be 
improved by increasing the sample size by a lot. By doing so, 
this data set is met with a perfect normal distribution, 
otherwise this data still has a distribution very close to 
normal.



(5) LAPTOP PERCENTAGES

# OF TOTAL DATA = 47

# OF DATA WITHIN ((μ-σ) ≤ X ≤ (μ+σ)) = 28 ⇒ 28/47 = 59.57%

# OF DATA WITHIN ((μ-2σ) ≤ X ≤ (μ+2σ)) = 47 ⇒ 47/47 = 100%



LAPTOP PERCENTAGES ANALYSIS:

- The calculations in the previous slide showed that for the laptop percentages data, 
59.51% (28/47) of the data values were within one STDEV from the mean (31.7 ≤ X ≤ 
81.7), and 100% (47/47) of the values were within two STDEV's from the mean (4.7 ≤ 
X ≤ 112.7).

- This means the data was –8.76% off perfect accuracy 
from a normal distribution curve for 68.27% of data lying within one STDEV from 
the mean, and that it was also +4.55% off perfect accuracy from a normal 
distribution curve showing that 95.45% of data lies within two STDEVs from the 
mean.

- Keep in mind, in this context the data may be innacurate of a normal distribution, 
since the maximum possible laptop percentage is 100%, less than within two 
STDEVs from the mean. This means for there to be any data values more than 
within two STDEVs from the mean, it must be between 0 – 4.7%, which much more 
than 95.45% of data wouldn't be able to reach.

- Apart from this, the data would be considered fairly

normally distributed.



LOWEST SCORE = 6: Z = (6 – 58.7) / 27 = -1.95

HIGHEST SCORE = 100: Z = (100 – 58.7) / 27 = 1.53

- In summary, this data set of students' laptop percentages may 
be considered a fairly innacurate representation of the normal 
distribution, since the possible values are only limited to 
between 0 – 100%, and only the values between 0 – 4.7% can be 
within two STDEVs from the mean. (For a normal distribution 
curve, it's calculated that when X ~ N(58.7, 27²), P(0 ≤ X ≤ 4.7) = 
0.79%, which may be helpful to know when solving some 
complications.)

- However, there are no outliers nor gaps in data, and the trend of 
a normal distribution is followed, so this data may still be used 
as a representation of normally distributed data to an extent.



(6) INFLATION RATES
IN AUSTRALIA
(1985-2021)

REFERENCE: https://www.macrotrends.net/countries/AUS/australia/inflation-rate-cpi

# OF TOTAL DATA = 37

# OF DATA WITHIN ((μ-σ) ≤ X ≤ (μ+σ)) = 

26 ⇒ 26/37 = 70.27%

# OF DATA WITHIN ((μ-2σ) ≤ X ≤ (μ+2σ)) = 

35 ⇒ 35/37 = 94.59%



INFLATION RATES ANALYSIS:
- The calculations in the previous slide showed that for the Australian inflation 

rates data, 70.27% (26/37) of the data values were within one STDEV from the 
mean (1.1 ≤ X ≤ 5.7), and 94.59% (35/37) of the values were within two STDEV's 
from the mean (-1.2 ≤ X ≤ 8).

- This means the data was –2% off perfect accuracy from a normal distribution 
curve for 68.27% of data lying within one STDEV from the mean, and that it 
was also % off perfect accuracy from a normal distribution curve showing that 
–0.86% of data lies within two STDEVs from the mean.

- While in the middle-left of it there is a small cluster of data between 4.35 - 
4.63%, there is a massive gap in data between 3.56 - 6.59% (3.03% 
range),  which may be caused by external inflation behaviours.

- Overall however, you can infer that this data set is still a very accurate 
representation of the normal distribution.



LOWEST SCORE = 0.22: Z = (0.22 – 3.4) / 2.3 = -1.38

HIGHEST SCORE = 9.05: Z = (9.05 – 3.4) / 2.3 = 2.46

- In summary, this data sets of Australian inflation rates 
(1985-2021) showcases a very accurate representation of 
the normal distribution, with the only setback being the 
large gap taking up more than a STDEV's length of the 
graph (3.03 > 2.3). This data showcases how the inflation 
rates of Australia, and most likely as well as most other 
countries, would be over the course of many decades, 
being very spontaneous.

- Range = (9.05 - 0.22) = 8.83%



CONCLUSION

- The purpose of this investigation is to explore many different kinds 
of scenarios, from inflation rates to the sum of dice, that may or may 
not share data following a similar normally distributed trend.

- This is done to get a clear idea of how many kinds of situations the 
normal distribution would appear, and through deep analysis, we can 
see that it can be found almost anywhere.

- Due to how often the normal distribution would appear in our 
everyday lives, there are many applications of it, ranging from being 
used as a guideline for scaling WACE subjects, so that getting a final 
mark in a certain WACE subject can be as fair as possible, to resource 
allocation.
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