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Quantitative Data Analysis

INTRODUCTION


This report presents a quantitative analysis of the dataset provided in Appendix A. The data was collected from twenty customers of Gwalia Stores, a grocery and newsagent in a Welsh village. The dataset contains three types of data, which are analysed using statistical calculations, tables and graphs to identify patterns and interpret the findings.

Firstly, nominal data can be defined as the simplest level of measurement. It categorises variables into mutually exclusive groups that have no order, ranking or hierarchy. The only numerical operation that can be conducted is calculating the frequency of each category, which can then be presented as a percentage. In this dataset, nominal data is represented by the gender and newspaper choice categories. Research methods that may have been used to collect this type of data include demographic surveys and multiple-choice questionnaires (Ingram, 2021).

Secondly, ordinal data expands on nominal data by creating a hierarchy of ranked values, allowing qualitative categories to be ordered. However, although ordinal data can be ranked, the intervals between categories cannot be measured or assumed to be equal. The numerical operations that can be used to create statistics include the median, mode, percentiles and interquartile range. In this dataset, ordinal data is represented by participants’ opinions of the local borough council, which are measured on a scale of 1–4, where 1 indicates very discontented and 4 indicates very contented. Research methods that may have been used to collect this type of data include surveys and questionnaires using Likert scales, rating scales or rank-order questions (Laerd Statistics, 2018; Bhandari, 2020).
  
Thirdly, ratio scale data has a defined order, equal intervals and a true zero point. A true zero means that no measurement exists below zero. For example, a person’s height cannot be measured as less than zero. This differs from temperature measured in Celsius, where 0 degrees and values below zero still have meaning and are therefore classed as interval scale data. Ratio scale data is considered the highest level of measurement because all numerical operations can be conducted, as the interval values are equal and allow for more precise interpretation. In this dataset, ratio scale data is represented by the distance customers travelled in metres and their expenditure in pounds. Research methods that may have been used to collect this type of data include surveys and questionnaires using open-ended numerical questions to collect exact quantities (Bhandari, 2020).






















ANALYSIS 

Categorical Analysis

Relationship Between Gender and Newspaper Choice

Identifying trends in categorical healthcare data is valuable because it can support a shift from reactive to proactive care and highlight patterns within specific populations. For example, analysing gender and newspaper choice could support strategic decision-making because understanding preferences may help target health-promotion advertising and preventative healthcare messaging. This could be particularly relevant where gender-specific targeting is appropriate for certain conditions or diseases. Therefore, the following hypotheses could be tested:
Null Hypothesis: There is no relationship between gender and newspaper preference.
Alternative Hypothesis: There is a positive association between gender and newspaper preference.

To examine this nominal data, a series of data visualisations and analyses have been conducted. Table 1 shows a pivot table of spending variation across newspaper choices and the combined total expenditure by gender.

Table 1. – 
	Sum of Spend, £
	Column Labels
	
	

	Row Labels
	F
	M
	Grand Total

	DE
	
	106
	106

	G
	109
	
	109

	T
	6
	13
	19

	W
	11
	60
	71

	Grand Total
	126
	179
	305









This initially indicates that overall female spending is considerably lower. However, this should be interpreted with caution because the sample is split 45% female and 55% male.

When the data is displayed in the clustered bar chart in Graph 1, the spread of newspaper preference by gender is clearer.

Graph 1. -


However, to determine whether there is a statistically significant association between these two qualitative variables, a Probability Value and Chi-Square Test of Independence is required, alongside Cramer’s V as a measure of association, as shown in Table 2.

Table 2. - 
	Probability Value
	Standard Significance score threshold <0.005 
	=CHISQ.TEST(B2:C5, F2:G5)
	0.002046

	Chi-Square (X²)
	Degrees of Freedom (R-1)x(C- 1)= 3
	=CHISQ.INV.RT(0.002046, 3)
	14.74747

	Cramer’s V
	Standard Significance score threshold  >0.30
	=CHISQ.DIST.RT(14.75, 3)
	0.858705



The Cramer’s V score of 0.86 indicates a very strong association, suggesting that newspaper purchasing habits may differ between genders in this sample. However, this interpretation should be treated with caution. The data only shows which newspaper was purchased regularly; it does not confirm who read the newspaper, who else lives in the household, or whether one gender is more likely to visit the shop.

If it were assumed that the person purchasing the newspaper is also the reader, the alternative hypothesis could be explored further because the data suggests distinct reader profiles. For example, if a campaign aimed to remind women of the importance of cervical screening, advertising in The Guardian may be more effective within this sample. However, a much larger and more detailed survey would be recommended before drawing firm conclusions, as making assumptions from an underpowered sample could lead to costly decision-making errors.



Correlational Analysis

Analysing correlational data in healthcare is important because it can help identify relationships between variables where controlled experiments may be unethical or impractical. This can support future clinical research by helping researchers prioritise which relationships may require further investigation or clinical trials.

To identify whether there are relationships between the available quantitative variables, a correlation analysis tool was used. Correlation is a statistical measure that indicates how one variable changes in relation to another. It is measured using a correlation coefficient (r), which ranges from -1 to 1. If one variable decreases as the other increases, this indicates a negative correlation and may be represented by a value close to -1. Conversely, if both variables move in the same direction, this indicates a positive correlation. Values of r that are close to 0 suggest a weak relationship or no relationship between the variables (Enago Academy).

In the correlation table (Table 3), two examples of r values are highlighted in red which examine the correlation between distance and opinion and in green, which examine the correlation between spend and distance. These values will be examined individually.
Table 3.-
	 
	distance, m
	spend, £
	opinion

	distance, m
	1
	
	

	spend, £
	-0.87507
	1
	

	Opinion
	0.259233
	-0.26867
	1



 










Relationship Between Distance from Shop and Local Borough Council

The relationship between distance travelled to the shop and participants’ opinions of the local borough council allows examination of whether these variables are associated. The following hypotheses could be tested:

Null Hypothesis: There is no association between distance travelled to the shop and participants’ opinions of the local borough council.
Alternative Hypothesis: Participants who travel further to the shop have a more positive opinion of the local borough council.
Alternative Hypothesis: Participants who travel further to the shop have a less positive opinion of the local borough council.

The r value of 0.259 indicates a very weak positive correlation. This suggests that there may be little or no relationship between the distance participants travel to the shop and their opinions of the local borough council. This pattern is also shown in the scatter diagram in Graph 2.
Graph 2.-



When the trendline is examined, it shows very little association between the variables, which is consistent with the weak positive correlation indicated by the r value. However, this interpretation requires caution because the available data does not provide certainty. It is assumed that all shoppers fall under the same local council due to their relative travelling distances and that they travel by walking rather than using other forms of transport

However, further examination of the data identifies significant outliers, which may have a considerable impact on the results. An outlier can be defined as a data point that is far removed from the expected range and can considerably affect statistical outcomes (Dash et al.). As the data may have been skewed by outliers, further analysis of the raw data is needed to support either hypothesis or to develop a new one. 

By creating a bell curve diagram, you gain a simple visualisation that allows you to immediately identify any abnormalities in the data. The shape of the curve helps indicate whether the data is predictable, highly consistent, stable, and how much variance exists overall. To produce the bell curve, the mean, standard deviation, and normal distribution calculations are first required, as shown in Table 4.

Table 4. 
	Mean
	=AVERAGE (A1:A20)
	259.5

	Standard Deviation
	=STDEV.S(A1:A20)
	323.4289

	Normal Distribution
	=NORM.DIST(B2, AVERAGE CELL, STDEV CELL, FALSE)
	Range from 0.000905061 to 4.21371E-05




Utilising this data to create the bell curve, Graph 3 immediately highlights patterns in shopper distance travelled, but more importantly, it reveals a long tail to the right, indicating that the data is positively skewed. This suggests the presence of extreme values that artificially increase the average, providing a strong justification for truncating the dataset. Doing so ensures that any statistical models used in the analysis accurately reflect the distance travelled by the majority of customers, allowing a more reliable assessment of whether a relationship exists between distance and opinion (Arunn Thevapalan, 2024).

Graph 3.-



To prevent extreme data points from disproportionately biasing the trendline, patterns in data behaviour can be identified by applying an established statistical framework such as the Inter‑Quartile Range (IQR) rule, as shown in Table 5. This approach helps establish a valid threshold for the dataset by removing statistical anomalies (Dash et al.).

	1st Quartile 
	=QUARTILE.INC(A1:A20,1)
	41.5
	Lower Fence
	=  Q1-(1.5*IQR)
	-361.25

	3rd Quartile
	=QUARTILE.INC(A1:A20,3)
	310
	Upper Fence
	= Q3+(1.5*IQR)
	712.75

	IQR
	1st Quartile – 3rd Quartile 
	268.5
	
	
	
	


Table 5. - 

The lower fence is null and void due to producing a minus number; however, the upper fence means that we can exclude two participants and re-examine the correlation coefficient shown in Table 6. 

Table 6.-
	 
	distance, m
	opinion

	distance, m
	1
	 

	Opinion
	-0.04531
	1




Conducting a new correlation calculation has had a significant effect on the r value, reducing it to a negative correlation of –0.04531. As demonstrated in the scatter diagram (Graph 4), this change has produced a negative trendline.










Graph 4.-


Truncating the data using the IQR has introduced greater uncertainty, making it difficult to draw any meaningful positive or negative assumptions from the statistical summaries. As a result, a larger sample size would be required to identify any genuine trends with confidence.

Despite attempts to analyse the data in different forms, the overall inconclusiveness of the statistical results suggests a leaning toward the null hypothesis. However, the bell curve revealed an incidental finding: it highlights the geographical location for the shop’s majority customer base, which may be valuable when needing to target a wider audience. Moreover, incidental findings such as these can support further descriptive analysis and help generate additional hypotheses for future testing.


Relationship Between Average Spend and Distance from Shop

The hypothesis examples that can be drawn from understanding the relation between average spend and distance to travel to the shop are;

Null Hypothesis: There is no association between how far participants must travel and how much they spend. 
Alternative Hypothesis: Participants who travel the least distance will spend more 

Examining the green value in the correlational table shows a very strong relationship between average spend in the shop and the distance travelled, both of which are ratio‑scale variables. In the scatter diagram (Graph 5), a clear negative correlation line is visible, particularly when compared with Graph 4.

Graph 5. -  


Because the r value is so high, truncating the data would be unlikely to provide any benefit; in this instance, it would reduce the sample size and remove potentially meaningful variation in both the upper and lower ranges of the dataset.

With any strong correlation, it should be treated as a diagnostic signal rather than definitive proof of causation. Several unknowns mean that assumptions drawn from such a strong correlation must be approached with caution, including whether the observations for distance travelled and money spent were recorded accurately.

Based on the analysis, it can be inferred that the null hypothesis is unlikely, and the alternative hypothesis appears more plausible. Therefore, we can make suggestions such as; the further people must walk, the less they may wish to carry, which is reflected in their average spend.
Linear-Regression Analysis

A statistical technique such as linear regression analysis provides an opportunity to model a single independent variable by identifying the underlying connection and pattern between the independent and dependent variables. This enables researchers to demonstrate the presence of a relationship and subsequently generate predictions. Within healthcare research, linear regression is often the preferred method because its simplicity allows for straightforward interpretation (Roustaei, 2024).

Calculating regression statistics such as the coefficient and intercept (Table 7), we can predict outcomes by conducting a simple linear regression equation: Predicted Value = Intercept + (Slope * X.). Implementing the distance variable, we can predict the spend for any distance (x) as follows:

Table 7.
	
	Coefficients

	Intercept
	19.34314

	distance, m
	-0.01577




Predicted Value = 19.34314 + (-0.01577*x)

For example, as there is no spend data based on 800m and 900m travelled, therefore we can predict this by using said calculation by replacing the x variable with the value we want to predict. 

Predicted Value = 19.34314 + (-0.01577*800) = £6.72
Predicted Value = 19.34314 + (-0.01577*900) = £5.14

As expected, comparatively we expect the further the distance to travel, the lower on average spend in the shop. Thus, a model such as this could also be used to support the alternative hypothesis further by populating the data with outliers not available within the original data and could predict the limit distance of the shop’s customer base. 
Graph 6 includes outlier data of the variable distance and provides a rudimentary prediction that customers will travel approximately a maximum distance of 12500m to the shop. 

Graph 6. -



Overall, this model could be useful to the shopkeeper when deciding whether advertising within a specific circumferential distance would provide value, supporting further cost‑versus‑benefit analysis. It may also help determine whether introducing new services, such as delivery, would be financially beneficial, based on the hypothesis that customers may spend more if they do not have to carry their shopping over longer distances. Additionally, the linear regression model indicates that beyond a certain distance there is likely to be no customer base, which could prompt further surveys to identify potential barriers.






CONCLUSION 


In conclusion, this report has examined different examples of data and demonstrated a quantitative analysis based on Gwalia Stores customer data. By conducting various forms of descriptive analysis and models, it has shown that we can identify patterns in the form of tables and graphs as well as formulate and test hypotheses, which could be used to implement strategic decision making and provides the basis to support further research.

The categorical analysis indicated a statistically significant association between gender and newspaper preference, suggesting that customer characteristics may influence purchasing behaviour. However, this finding should be interpreted with caution due to the small sample size and the limited demographic information available, meaning that further data collection would be needed before using the results to inform targeted advertising or public health messaging.

The correlational analysis also showed that the relationship between distance travelled and opinion of the local borough council was weak and inconsistent, particularly after outliers were removed. This suggests that there is insufficient evidence to confirm a meaningful relationship between these variables. In contrast, the relationship between distance travelled and average spend showed a strong negative correlation, indicating that customers who travelled further tended to spend less. This finding may have practical implications for the shop owner, particularly when considering local advertising, delivery services or strategies to increase customer spending among those living further away.

Overall, the report highlights the value of quantitative methods in converting raw data into meaningful insights, while also emphasising the importance of recognising limitations. The small sample size, potential outliers and missing contextual information mean that the findings cannot be treated as definitive. Therefore, future research should use a larger and more representative sample, collect more detailed demographic and behavioural data, and apply further statistical testing to strengthen the reliability of the conclusions. Despite these limitations, the analysis provides a useful foundation for understanding customer behaviour and demonstrates how statistical techniques can support evidence-based decision-making.
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APPENDICES

	The following  data refer to customers of Gwalia Stores, a grocery and newsagents in a Welsh village:

	 
	
	
	
	
	
	
	
	 

	distance' is the distance in metres (m) from the shop to the cutomer's home
	
	
	 

	spend' is the average weekly cutomer spend in pounds (£)
	
	
	
	 

	newspaper purchased regularly: G: Guardian, T: Times, DE: Daily Express, W: Western Mail
	
	 

	opinion of local borough council: 1= very discontented; 2 = discontented; 3 = contented; 4 = very contented


Appendix A



	customer
	distance, m
	spend, £
	gender
	newspaper
	opinion

	a
	95
	17
	m
	W
	1

	b
	5
	24
	m
	DE
	1

	c
	7
	23
	m
	DE
	3

	d
	200
	14
	m
	DE
	4

	e
	270
	12
	f
	G
	2

	f
	15
	22
	m
	W
	3

	g
	340
	11
	f
	W
	4

	h
	450
	9
	f
	G
	1

	i
	16
	21
	f
	G
	1

	j
	700
	7
	m
	DE
	1

	k
	50
	19
	f
	G
	3

	l
	1000
	6
	m
	W
	3

	m
	50
	19
	f
	G
	2

	n
	140
	15
	m
	W
	3

	o
	300
	11
	f
	G
	3

	p
	210
	13
	m
	T
	4

	q
	12
	23
	m
	DE
	2

	r
	180
	15
	m
	DE
	2

	s
	50
	18
	f
	G
	1

	t
	1100
	6
	f
	T
	4




Bell Curve - M Travelled and Statistical Likelihood 

5	7	12	15	16	50	50	50	95	140	180	200	210	270	300	340	450	700	1000	1100	9.0506067309487992E-4	9.0945791996144189E-4	9.2039074340347549E-4	9.2690708430421588E-4	9.29071670808167E-4	1.0000495252857537E-3	1.0000495252857537E-3	1.0000495252857537E-3	1.0838223849270034E-3	1.1520929520165619E-3	1.196771699979803E-3	1.2127804363967459E-3	1.2191155269639141E-3	1.2328276293743711E-3	1.2238446780551678E-3	1.1958567917122304E-3	1.0370459313681153E-3	4.8790150466642167E-4	8.9713414482996942E-5	4.2137134949081064E-5	Distance Travelled m


Probability Density  



Distance Travelled to Opinion on Council

opinion	270	340	450	16	50	50	300	50	95	5	7	200	15	700	140	210	12	180	2	4	1	1	3	2	3	1	1	1	3	4	3	1	3	4	2	2	Distance Travelled m


Opinion Score




Spend Vs Distance Travellend 

spend, £	
270	340	450	16	50	50	300	50	1100	95	5	7	200	15	700	1000	140	210	12	180	12	11	9	21	19	19	11	18	6	17	24	23	14	22	7	6	15	13	23	15	Distance Travellend M


Spend £




Spend Vs Distance Travelled

spend, £	
95	5	7	200	270	15	340	450	16	700	50	1000	50	140	300	210	12	180	50	1100	900	800	1200	1300	1350	1250	17	24	23	14	12	22	11	9	21	7	19	6	19	15	11	13	23	15	18	6	5.1472765794943314	6.7245948340619606	0.41532181579144378	-1.1619964387761854	-1.9506555660600036	-0.37333731149237082	Distance Travelled M


Spend £




Gender and Newspaper Purchased

MALE	W	DE	T	G	4	6	1	0	FEMALE	W	DE	T	G	1	0	1	7	Newspaper


Number Purchased




Distance Travelled to Opinion on Council

opinion	270	340	450	16	50	50	300	50	1100	95	5	7	200	15	700	1000	140	210	12	180	2	4	1	1	3	2	3	1	4	1	1	3	4	3	1	3	3	4	2	2	Distance Travelled m 


Opinion Score






Page 2

