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[bookmark: _Toc225359250]Introduction 
The rapid growth of digital food delivery platforms has transformed how restaurants and customers interact, creating data-rich operational environments (Ray et al., 2019; Chen, Chiang and Storey, 2012). In this context, Business Intelligence (BI) plays a key role in supporting decision-making by enabling organisations to analyse large datasets, identify patterns and improve operational efficiency (Sharda, Delen and Turban, 2020).
This report analyses a dataset of 11,399 food delivery records collected between February and April 2022. The dataset includes variables such as delivery personnel characteristics, delivery ratings, weather conditions, traffic density and vehicle type. The aim is to identify patterns affecting delivery performance and customer satisfaction.
The analysis follows a structured approach: data cleaning and preparation in Excel, descriptive statistical analysis, trend analysis through visualisation, and statistical testing using SPSS. The findings are used to generate insights and recommendations for improving delivery operations.

















[bookmark: _Toc225359251]Data Cleaning and Preparation
Data cleaning was carried out in Microsoft Excel to improve the accuracy and reliability of the analysis, as poor data quality can distort results and weaken conclusions (Kelleher and Tierney, 2018; Hair et al., 2019).
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Figure 1
An initial inspection of the dataset identified missing or invalid values across several variables, including 491 missing observations for Delivery_person_Age, 501 for Delivery_person_Ratings, and 870 records containing invalid geographic coordinates. Additional missing values were identified in variables such as Time_Ordered (444), Weather (158), Road_traffic_density (154), multiple_deliveries (238), Festival (65), and City (324). These values are summarised in Figure 1, which presents the number of missing or invalid observations identified during the initial data inspection.
To preserve dataset integrity, missing values were imputed rather than deleted, as removing observations can reduce statistical power and introduce bias (Hair et al., 2019). Numerical variables such as Delivery_person_Age and Delivery_person_Ratings were imputed using the median, which reduces the influence of extreme values and better preserves the distribution of the data (Hair et al., 2019). Invalid geographic coordinate values recorded as zero were also replaced using median values to maintain dataset completeness.
For categorical variables, missing values in Weather and Road_traffic_density were replaced using the mode, defined as the most frequently occurring category in the dataset. In addition, logical and conservative imputation approaches were applied where appropriate. The multiple_deliveries variable was assigned a default value of 1, reflecting typical delivery conditions, while missing values in the Festival variable were replaced with “No” to avoid overestimating rare events. Missing values in City were labelled as “Unknown” to retain all observations while maintaining transparency in the dataset (Pallant, 2020).
Time-related variables were also standardised, and missing values in Time_Ordered were replaced using the average time to ensure consistency and avoid data loss. Finally, categorical variables were reviewed for inconsistencies in formatting, and date and time variables were standardised within Excel to ensure consistency across the dataset These adjustments improved dataset completeness and consistency, making it more suitable for descriptive and statistical analysis.
[bookmark: _Toc225359252]Descriptive Statistics and Summary 
Descriptive analysis was conducted in Microsoft Excel to summarise the cleaned dataset and provide an overview of delivery operations. Descriptive statistics allow large datasets to be interpreted more easily by presenting measures such as averages, minimum and maximum values that describe the general distribution of the data (Field, 2018). In this analysis, the mean, minimum and maximum values were calculated for the numerical variables Delivery_person_Age, Delivery_person_Ratings, and multiple_deliveries (Figure 2).
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Figure 2
The results indicate that the average age of delivery personnel is approximately 29.54 years, with ages ranging from 15 to 50 years. This suggests that the delivery workforce covers a broad age range but is concentrated around younger and middle-aged individuals. The descriptive statistics for Delivery_person_Ratings show an average rating of 4.64, with ratings ranging from 1 to 6. The relatively high mean rating indicates that customers generally report positive experiences with the delivery service, despite the presence of some lower ratings.The variable multiple_deliveries shows an average value of 0.75, with a range between 0 and 3 deliveries, suggesting that most delivery tasks involve a single order, while a smaller proportion of drivers handle multiple deliveries within the same trip.In addition to numerical variables, the distribution of several categorical variables was analysed using frequency tables and PivotTables in Excel. These variables included Weather, Road_traffic_density, Type_of_order, and Type_of_vehicle. Frequency analysis is commonly used for categorical data because it allows the relative occurrence of categories to be compared and interpreted more effectively (Pallant, 2020).
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Figure 3

Figure 4
The distribution of delivery records by weather condition (Figures 3 and 4) shows that operations take place under a wide range of environmental conditions. Sunny weather represents the largest proportion of deliveries at approximately 18.71% (2133 records), followed by windy conditions at 17.09% (1948 records). Other weather categories, including sandstorms (16.48%), cloudy (16.33%), stormy (15.89%) and fog (15.51%), occur with relatively similar frequencies. This indicates that deliveries are consistently performed across diverse weather conditions, with no single category dominating the dataset, reflecting the operational need for delivery systems to function reliably under varying environmental conditions (Ivanov, Tsipoulanidis and Schönberger, 2019).
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Figure 5

Figure 6
Analysis of road traffic density (Figures 5 and 6) indicates that low traffic conditions account for the largest proportion of deliveries at 35.40% (4035 records), followed by jam traffic at 30.73% (3503 records) and medium traffic conditions at 24.13% (2751 records). High traffic density represents a smaller proportion of deliveries at 9.74% (1110 records). This distribution suggests that most deliveries occur under relatively manageable traffic conditions, although a substantial number still take place during congested periods, reflecting the impact of urban traffic patterns on delivery operations (McKinnon, Browne and Whiteing, 2015).
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Figure 7

Figure 8
The distribution of order types is relatively balanced across the dataset. Drinks represent the largest proportion of deliveries at 25.62% (2920 records), followed by buffet orders at 25.18% (2870 records). Snack orders account for 24.70% (2815 records), while meal orders represent 24.51% (2794 records). The small differences between categories indicate that the delivery platform handles a diverse range of food types, with no single order category dominating the dataset, reflecting varied consumer demand patterns in food delivery services (Ray et al., 2019).
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Figure 9


Figure 10

Finally, the analysis of vehicle types (Figures 9 and 10) shows that motorcycles are the most commonly used delivery vehicle, accounting for the largest share of deliveries (6609 records). Scooters represent the second largest category (3817 records), followed by electric scooters (950 records). A very small proportion of deliveries are conducted using bicycles (23 records). This distribution highlights the dominant role of motorcycles in delivery operations, likely due to their flexibility and efficiency in navigating urban traffic conditions, while alternative vehicle types are used less frequently (McKinnon, Browne and Whiteing, 2015).
Overall, the descriptive statistics and visualisations provide a clear overview of the dataset and the operational environment in which delivery activities take place. These findings summarise the key characteristics of the data and establish a foundation for subsequent trend analysis and statistical testing presented later in the report (Field, 2018; Pallant, 2020).

[bookmark: _Toc225359253]Trend Analysis and Visualisation
Trend analysis was conducted using Microsoft Excel to examine patterns in delivery performance and to explore how operational and environmental factors influence delivery outcomes. This approach enables the observation of changes in key performance indicators over time and helps identify relationships between operational conditions and service efficiency (Sharda, Delen and Turban, 2020). In this study, line charts and bar charts were generated to visualise delivery time trends, delivery ratings, and the impact of environmental factors such as weather conditions and road traffic density on delivery performance.
As the dataset did not contain a direct measure of delivery duration, a new variable, Time_taken(min), was created by calculating the difference between the order time and the order pickup time and converting the result into minutes. The creation of derived variables is a common practice in data analysis, as it transforms raw data into meaningful performance indicators that support deeper analytical insights (Kelleher and Tierney, 2018; Sharda, Delen and Turban, 2020).
Trendlines were applied to the line charts to highlight the overall direction of change and support the identification of underlying trends in delivery time and customer ratings.

Figure 11
The analysis of average delivery time over time shows a slight upward trend between February and April (Figure 11). The average delivery time increased from approximately 30.04 minutes in February to 30.05 minutes in March and further to 32.11 minutes in April. This gradual increase suggests a decline in delivery efficiency over the observed period. Such changes may reflect factors such as increased demand, operational pressures, or external conditions affecting delivery performance, including traffic congestion or logistical challenges (Sharda, Delen and Turban, 2020).

Figure 12
A similar time-based analysis was conducted for delivery ratings, which represent customer evaluations of delivery performance (Figure 12). The results show that the average rating remained relatively stable but declined slightly over the observed period, with values of approximately 4.64 in February and March, followed by a small decrease to 4.62 in April. Although the change is minimal, this trend may indicate slight variations in customer satisfaction levels over time. In practice, customer ratings are influenced by multiple factors, including delivery speed, service reliability and overall customer experience (Ray et al., 2019).


Figure 13
In addition to time-based trends, the analysis examined the impact of weather conditions on delivery time (Figure 13). The results show clear variation across categories, with sunny conditions recording the highest average delivery time at approximately 60.02 minutes. In contrast, stormy conditions show the lowest average at around 18.65 minutes, while other conditions, such as fog (22.71 minutes), windy (24.23 minutes), cloudy (25.34 minutes) and sandstorms (26.37 minutes) remain relatively similar.
This suggests that weather may influence delivery performance; however, the unusually high value observed under sunny conditions may indicate the presence of outliers or underlying data inconsistencies, implying that factors beyond weather alone are likely contributing to variations in delivery time (Ivanov, Tsipoulanidis and Schönberger, 2019).

Figure 14
The relationship between road traffic density and delivery time was also examined (Figure 14). The results show notable variation across categories, with low traffic conditions recording the highest average delivery time at approximately 44.88 minutes, followed by high traffic (41.82 minutes) and medium traffic (25.43 minutes). In contrast, jam traffic shows the lowest average delivery time at around 13.81 minutes.
This pattern suggests that delivery performance is influenced by multiple operational factors, and traffic density alone may not fully explain variations in delivery time (McKinnon, Browne and Whiteing, 2015).

Figure 15
A scatter plot (Figure 15 ) was used to examine the relationship between delivery personnel age and customer ratings. The results show that most data points are closely clustered between ages 20 and 40, with ratings generally ranging between 3.5 and 5. The trendline indicates a very weak negative relationship, suggesting that age has minimal impact on delivery performance as measured by customer ratings.
Overall, the findings indicate that while some patterns exist, operational and environmental factors appear to have a greater influence on delivery outcomes than individual characteristics such as age (Hair et al., 2019).
Visualisation techniques such as line graphs and bar charts play an important role in business analytics because they allow patterns and relationships within large datasets to be identified more easily than through numerical tables alone (Few, 2013). Overall, the trend analysis demonstrates that while delivery performance shows some variation over time, environmental and operational factors such as weather and traffic conditions can have a measurable influence on delivery outcomes.
[bookmark: _Toc225359254]Statistical Analysis using SPSS
In order to explore relationships between key variables in the dataset, statistical tests were conducted using IBM SPSS, including hypothesis testing, correlation analysis and regression analysis to examine factors that may influence delivery performance and customer ratings (Hair et al., 2019).
Hypothesis Testing: To examine whether delivery ratings differ across weather conditions, a one-way ANOVA test was conducted. Although a t-test is typically used to compare two groups, ANOVA was considered more appropriate due to the presence of multiple weather categories (Field, 2018). The descriptive statistics (Figure 18) show that average delivery ratings are relatively similar across all weather conditions, with values ranging from approximately 4.61 to 4.66.
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Figure 16
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Figure 17
[image: ]
Figure 18
The ANOVA results (Figure 16) indicate a statistically significant difference in delivery ratings across weather conditions (F = 6.393, p < 0.001), suggesting that weather has some influence on customer ratings. However, the effect size is very small (η² = 0.003) (Figure 17), indicating that the practical impact of weather on delivery performance is limited (Hair et al., 2019). Overall, while differences exist, they are minor and may not be operationally significant.
Correlation Analysis:[image: ]
Figure 19
A correlation analysis was conducted (Figure 19) to examine the relationships between delivery personnel age, delivery ratings, and delivery time. The results show a weak negative correlation between delivery personnel age and delivery ratings (r = -0.055, p < 0.001), indicating that age has a minimal influence on customer evaluations.
A very weak positive relationship was observed between delivery time and delivery ratings (r = 0.030, p < 0.001), suggesting that delivery duration has little impact on customer satisfaction. Similarly, the relationship between delivery personnel age and delivery time is extremely weak (r = 0.021, p = 0.025), indicating no meaningful association between these variables.
Overall, although some relationships are statistically significant, their strength is very low, suggesting limited practical relevance in influencing delivery performance (Hair et al., 2019).

Regression Analysis:
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Figure 20
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Figure 21
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Figure 22
A simple linear regression analysis was conducted to examine whether delivery personnel's age predicts delivery ratings. The model summary (Figure 15) indicates a very low level of explanatory power (R² = 0.003), suggesting that age explains only a small proportion of the variation in customer ratings.
The ANOVA results (Figure 22) show that the model is statistically significant (F = 34.961, p < 0.001), indicating that a relationship exists between the variables. However, the coefficient results (Figure 21) reveal that the effect is minimal, with a small negative relationship between age and delivery ratings (B = -0.003). This suggests that as age increases, delivery ratings decrease slightly, although the effect is not practically meaningful.
Overall, while the relationship is statistically significant, the very low explanatory power confirms that delivery personnel age is not a strong predictor of delivery performance, and other operational factors are likely to play a more important role (Montgomery, Peck and Vining, 2021).
[bookmark: _Toc225359255]Insights and Recommendations
The analysis provides key insights into factors influencing delivery performance. Descriptive statistics show consistently high delivery ratings, with an overall mean of approximately 4.63. Although ANOVA results indicate statistically significant differences in ratings across weather conditions, the effect size is very small, suggesting a limited practical impact on customer satisfaction. Similarly, correlation and regression analyses reveal a statistically significant but weak negative relationship between delivery personnel age and ratings, highlighting that statistical significance does not necessarily imply practical importance, particularly in large datasets (Field, 2018).
Trend analysis shows that delivery times remain relatively stable over time, while operational factors such as traffic density have a slightly greater influence on delivery duration. Deliveries in high-traffic conditions are associated with marginally longer times, indicating that external conditions play a more important role than individual characteristics. This aligns with research emphasising the importance of logistics and transport conditions in operational performance (McKinnon, Browne and Whiteing, 2015).
Based on these findings, companies should focus on route optimisation and the use of real-time traffic and weather data to improve efficiency and reliability (Ivanov, Tsipoulanidis and Schönberger, 2019). However, the dataset lacks variables such as driver experience and route selection, which may also affect outcomes. Future research should include these factors to provide a more comprehensive analysis (Christopher, 2016).
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Distribution of delivery records by weather condition







Frequency	
Cloudy	Fog	Sandstorms	Stormy	Sunny	Windy	1861	1768	1878	1811	2133	1948	Percentage	
Cloudy	Fog	Sandstorms	Stormy	Sunny	Windy	0.16325993508202474	0.15510132467760329	0.16475129397315555	0.15887358540222826	0.18712167734011756	0.17089218352487059	

Distribution of deliveries by road traffic density







Frequency	
High	Jam	Low	Medium	1110	3503	4035	2751	Percentage	
High	Jam	Low	Medium	9.7376962891481705E-2	0.30730765856654091	0.3539784191595754	0.24133695938240196	

distribution of deliveries by order type







Frequency	
Buffet	Drinks	Meal	Snack	2870	2920	2794	2815	Percentage	
Buffet	Drinks	Meal	Snack	0.25177647162031758	0.25616282130011403	0.24510922010702693	0.24695148697254146	

DISTRIBUTION OF DELIVERIES BY VEHICLE TYPE







Frequency	
bicycle	electric_scooter	motorcycle	scooter	23	950	6609	3817	Percentage	
bicycle	electric_scooter	motorcycle	scooter	2.0177208527063779E-3	8.3340643916132995E-2	0.5797877006754979	0.33485393455566276	

Average delivery time over time




Total	
Feb	Mar	Apr	30.039037432385026	30.048666414885666	32.112484551199024	

Average of Time_taken(min) 




Average Delivery Ratings Over Time




Total	
Feb	Mar	Apr	4.6435294117646908	4.637264568322621	4.6195302843016037	

Ratings




Average Delivery Time by Weather Condition




Total	
Cloudy	Fog	Sandstorms	Stormy	Sunny	Windy	25.342289089306856	22.710407243619894	26.371139506283289	18.647708452876859	60.024847634467889	24.23151950891172	



Average Delivery Time by Traffic Density




Total	
High	Jam	Low	Medium	41.818018015855856	13.805880677133901	44.881784388163645	25.433660485176325	
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Minimum  Maximum Average

Delivery_person_Age

15 50 29.54

Delivery_person_Ratings

1 6 4.64

multiple_deliveries

0 3 0.75


image3.emf
Row Labels FrequencyPercentage

Cloudy 1861 16.33%

Fog 1768 15.51%

Sandstorms 1878 16.48%

Stormy 1811 15.89%

Sunny 2133 18.71%

Windy 1948 17.09%

Grand Total 11399 100.00%
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Row Labels FrequencyPercentage

High 1110 9.74%

Jam 3503 30.73%

Low 4035 35.40%

Medium 2751 24.13%

Grand Total 11399 100.00%
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Row Labels FrequencyPercentage

Buffet 2870 25.18%

Drinks 2920 25.62%

Meal 2794 24.51%

Snack 2815 24.70%

Grand Total 11399 100.00%
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Row Labels FrequencyPercentage

bicycle 23 0.20%

electric_scooter 950 8.33%

motorcycle 6609 57.98%

scooter 3817 33.49%

Grand Total 11399 100.00%
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Delivery_person_Ratings

ANOVA

sum of
Squares df  MeanSquare sig
Between Groups. 4334 6 722 6383 <001
Within Groups 1287261 11393 13
Total 1201585 11309





image8.png
ANOVA Effect Sizes”

95% Confidence Interval

Point Estimate__ Lower Upper
Deliven_person_Ratings _Eta-squared 003 001 005
Epsilon-squarsd 003 001 005
Omega-squared Fixed- 003 001 005

effect
Omega-squared Random- 000 000 001

effect

a Eta-squared and Epsilon-squared are estimatsd based on the fixed-sffect model
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Descriptives
Delivery_person_Ratings
95% Confidence Interval for

Mean

N Mean  Std. Deviation Std.Error _LowsrBound  UpperBound  Minimum _Maximum
1 1 4700 a7 a7
Cloudy 1861 4563 2764 0064 4550 4675 35 50
Fog 1768 45659 2716 0065 4548 4671 35 50
Sandstorms 1878 4617 3108 0072 4503 4631 35 50
Stormy 1811 4518 3002 0071 4504 4632 35 50
sunny 233 4682 4788 0104 4522 4663 1.0 60
Windy 1948 4616 3056 0069 4503 45630 35 50

Total 11400 4636 3366 0032 4630 45842 1.0 60
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Correlations

Delivery_perso  Delivery_perso  Time_taken
n_Age n_Ratings (min)
Delivery_person_Age Pearson Correlation 1 055" 021
Sig. (2ailed) <001 025
N 11400 11400 11399
Delivery_person_Ratings Pearson Correlation -055" 1 030"
Sig. (2ailed) <001 001
N 11400 11400 11399
Time_taken(min) Pearson Correlation 021 030" 1
Sig. (2ailed) 025 001
N 11399 11399 11399

*_Corrslation is significant atthe 0.01 level (2-tailed)
* Conrslation is significant atthe 0.0 levs! (2-tailsd).
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Model Summary

Adusted R Std Error ofthe
Model R RSquare  Square Estimate

1 055° 003 003 3361

a.Predictors: (Constant), Delivery_person_Age
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Coefficients®

Standardized
Unstandardized Cosflicients  Coefficients
Model ] std. Error Bsta t sig.
1 (Constant) 4733 o7 283473 <001
Delivery_person_Age -003 00t 085 5913 <001

a. Dependent Variable: Deliveny_person_Ratings.
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ANOVA®

sum of
Model Squares o MeanSquare sig.
1 Regression 3950 1 3950 34981 <001°
Residual 1287845 11308 13
Total 1201585 11309
a. Dependent Variable: Deliveny_person_Ratings.

b. Predictors: (Constant), Delivery_person_Age
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Variable  nr Action Value

Delivery_person_Age 491 MEDIAN 30

Delivery_person_Ratings 501 median 4.7

Restaurant_latitude 0 870 MEDIAN 18.55144

Restaurant_longitude 0 870 MEDIAN 75.897429

Time_Orderd 444 average 18:11

Weather 158 MODE  Sunny

Road_traffic_density 154 MODE  Low

multiple_deliveries 238 Logical imputation 1

Festival 65 Conservative imputation no

City 324 Categorical placeholder Unknown

Irregular date and time  325 Standardised


