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Abstract:

This study explored daily financial activity in a community pharmacy located in Sabha, Libya, using transaction
records collected from September 2022 to October 2023. Exploratory data analysis included descriptive statistics,
distribution plots, boxplots, calendar heatmaps, monthly comparisons, chronological plots, and correlation
analysis. The initial dataset contained 428 records, of which 396 were retained following preprocessing. Profits,
total sales, and total average cost of sales were positively skewed and displayed substantial daily variation. Strong
positive correlations were observed between sales and profits (r = 0.86), sales and average cost of sales (r = 0.99),
and profits and average cost of sales (r = 0.83). Higher financial activity occurred more frequently toward the end
of the working week, although the limited observation period did not permit firm conclusions regarding recurring
annual seasonality. The analysis also identified an exceptionally high profit value that required verification
against the original records. Overall, the findings demonstrate how exploratory analysis of pharmacy transaction
data can support financial monitoring, data-quality improvement, inventory planning, and operational decision-
making in community pharmacies.

Keywords: community pharmacy; exploratory data analysis; pharmaceutical sales; profitability; cost of sales;
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1- Introduction

Community pharmacies operate at the intersection of healthcare delivery and retail business. In addition to
dispensing medicines, they provide medication-management, preventive-care, and health-promotion services,
supported by frequent contact with patients [1]. Maintaining these services depends partly on effective financial
and operational management, particularly the management of sales, acquisition costs, discounts, inventory, and
profits [2].

Digital point-of-sale systems generate transaction data that can support evidence-based pharmacy management.
Previous retail and operations-management research has shown that such data can inform decisions concerning
inventory, pricing, resource allocation, and business performance [3][4]. However, aggregated totals and simple
averages may conceal short-term variation, skewed distributions, unusual transactions, and calendar-related
patterns. Exploratory data analysis (EDA), which combines descriptive statistics with graphical techniques,
provides an appropriate framework for identifying these characteristics before confirmatory or predictive analyses
are considered [5].

Although retail analytics has received considerable research attention, much of the literature emphasizes
forecasting and optimization [6][7]. Comparatively limited evidence describes the joint daily behavior of sales,
costs, discounts, and profits in individual community pharmacies, particularly in Libya. Context-specific
exploratory studies are therefore needed to clarify how routinely collected pharmacy data can support operational
decisions while identifying possible data-quality problems [8].

Accordingly, this study conducts a retrospective exploratory analysis of daily transaction records collected from
a community pharmacy in Sabha, Libya, between September 2022 and October 2023. It aims to characterize the
distributions and variability of the principal financial variables, identify unusual observations, examine temporal
and calendar-related variation, and evaluate relationships among sales, costs, discounts, and profits. The findings
are intended to support financial monitoring, inventory planning, and data-quality improvement within the study
pharmacy.

The remainder of the paper is organized as follows: Section Il reviews the relevant literature; Section I11 describes
the data and exploratory methods; Section IV presents and discusses the findings; and Section V provides the
conclusion, limitations, and directions for future research.

2- Literature review

2.1 Community Pharmacy as a Healthcare and Business Setting

Community pharmacies occupy a distinctive position because they combine healthcare delivery with retail and
financial operations. In addition to dispensing medicines, community pharmacists increasingly provide
medication management, vaccination, preventive care, health education, and support for chronic conditions.
Berenbrok et al. [9] demonstrated the accessibility of community pharmacies by showing that Medicare
beneficiaries visited community pharmacies more frequently than they encountered primary-care physicians.
However, their study focused on healthcare encounters rather than the financial and operational performance of
pharmacies.

Similarly, Goode et al. [10] reviewed the expansion of community pharmacy from a product-centred dispensing
environment to a broader patient-care setting. The authors highlighted the need to redesign pharmacy workflows,
technologies, staffing arrangements, and business models to support this expanded role. Nevertheless, their review
did not empirically examine routinely generated financial indicators such as sales revenue, purchasing costs,
discounts, or profits.

The ability of a community pharmacy to sustain its healthcare role depends partly on its operational and financial
viability. Pharmacy performance is influenced by the relationship between sales revenue, medicine acquisition
costs, discounts, transaction volumes, and profit margins [11]. These indicators should not be considered
independently because changes in one measure can influence the interpretation of another. For example, an
increase in total sales does not necessarily indicate improved profitability when the cost of sold products or the
value of discounts increases simultaneously. A multidimensional examination of pharmacy transaction records is
therefore necessary to understand the underlying structure of daily business activity [12].

2.2 Data Analytics in Retail Operations

The broader retail literature provides evidence that transaction data can support more informed operational
decisions. Fisher and Raman [13] explained how retailers can use routinely collected data to improve inventory
management, product assortment, pricing, and overall performance. Their work demonstrated the managerial
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value of retail data but was based on examples from general retail settings. Its conclusions cannot be transferred
directly to community pharmacies without considering medicine expiry, product criticality, regulatory
requirements, purchasing-price variation, and the healthcare responsibilities of pharmacists.

Choi et al. [14]reviewed the role of data analytics in operations management and identified applications in
inventory management, revenue management, marketing, transportation, supply-chain coordination, and risk
analysis. Their review established that operational data can support both descriptive understanding and advanced
decision-making. However, much of the literature examined in that review focused on large datasets, predictive
analytics, and optimization. Comparatively less attention was given to how smaller; single-site organizations can
use exploratory techniques to understand the distributions, relationships, and temporal characteristics of their
routinely recorded data.

Another important consideration is that electronically stored operational data may contain errors or
inconsistencies. DeHoratius and Raman [15] examined approximately 370,000 inventory records from 37 retail
stores and found that 65% were inaccurate. They also showed that inventory-record accuracy differed across stores
and product categories. Although their study did not involve community pharmacies, its findings demonstrate that
operational databases should not automatically be treated as complete or error-free. Duplicate dates, missing
observations, implausible values, and unusual transactions must therefore be examined before financial or
managerial conclusions are developed.

2.3 Pharmacy Inventory and Cost Analysis

Previous pharmacy-management studies have frequently concentrated on inventory classification and expenditure
control. Devnani et al.[16] , for example, combined ABC and vital-essential-desirable analyses to evaluate
medicines held by a tertiary-care pharmacy store. ABC analysis classified medicines according to their
contribution to total expenditure, whereas vital-essential-desirable analysis classified them according to their
clinical importance. The combined approach enabled managers to identify high-cost and clinically important
medicines requiring stricter control.

Although such studies demonstrate the value of analysing pharmacy expenditure, their scope differs from the
present investigation. First, they commonly focus on individual medicines or annual inventory expenditure rather
than aggregated daily activity. Second, they are frequently conducted in hospital or institutional pharmacies rather
than community-pharmacy settings [17]. Third, they aim to classify inventory items instead of examining the joint
behaviour of sales, costs, discounts, and profits.

Inventory-based analysis alone may therefore provide an incomplete representation of community-pharmacy
operations. Daily profitability can be affected by the total value of sales, the average cost associated with sold
items, the most recently recorded purchase price, and discounts applied to transactions. Examining these indicators
jointly may reveal whether increases in sales are accompanied by proportional changes in costs and profits. It may
also help distinguish genuine high-value business activity from potential recording errors[17].

2.4 Exploratory Analysis of Transaction Data

Exploratory data analysis provides a structured framework for identifying the principal characteristics of
operational datasets. The NIST framework [18] describes EDA as a combination of numerical and graphical
techniques used to examine distributions, detect unusual observations, evaluate assumptions, identify important
variables, and reveal previously unrecognized patterns. Such an approach is particularly relevant to pharmacy
financial data because sales, costs, discounts, and profits may demonstrate skewed distributions and may be
strongly influenced by a small number of high-value transactions.

Baillie et al. distinguished initial data analysis from exploratory data analysis. Initial analysis involves examining
metadata, data completeness, coding consistency, missingness, and implausible values to ensure that the dataset
is suitable for further investigation [19]. Exploratory analysis subsequently examines substantive patterns and
relationships. The authors emphasized that preprocessing decisions should be transparent, reproducible, and
informed by the context in which the data were generated.

This distinction is important when analyzing pharmacy transaction records. Missing values or extreme
observations should not be modified or removed without considering their operational meaning. A statistically
extreme profit or sales value might represent an extraction error, but it could also correspond to a legitimate bulk
transaction, a high-cost medicine, a promotional period, or an unusual purchasing event. Consequently, statistical
outlier criteria should be used to flag observations for investigation rather than as automatic deletion rules [20].
Temporal organization adds another dimension to exploratory analysis. Hyndman and Athanasopoulos [21]
recommend plotting time-indexed data before undertaking more complex analyses because chronological
visualizations can reveal trends, seasonal patterns, changes in variability, structural changes, and unusual
observations. Daily transaction records can be grouped by calendar variables such as day, month, and year to
investigate whether financial activity changes systematically over time. Time plots, rolling summaries, monthly
comparisons, autocorrelation plots, and seasonal subseries plots can therefore complement conventional
descriptive statistics.
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However, temporal patterns should be interpreted carefully. A difference between months does not necessarily
represent stable seasonality, particularly when the observation period covers only slightly more than one year
[22]. Similarly, correlation among financial indicators does not demonstrate causation. Relationships involving
profit may partly reflect mathematical dependence because profit is calculated from sales and costs. Exploratory
findings should therefore be presented as descriptive evidence that generates operational insights and hypotheses
for future investigation [23].

2.5 Research Gap and Study Contribution

The literature relevant to community-pharmacy data can be classified into four main areas. Pharmacy-practice
studies emphasize accessibility, clinical services, and the changing professional role of pharmacists [24]. Retail-
analytics research demonstrates the value of transaction data but is not specific to the regulatory and operational
characteristics of pharmacies. Pharmacy inventory studies focus primarily on medicine classification and
expenditure control, often in institutional settings. Finally, methodological literature provides guidance for data-
quality assessment and exploratory analysis but does not directly describe community-pharmacy financial
behaviour [25].

These areas leave a need for context-specific studies that jointly examine the daily financial indicators generated
by community pharmacies. Existing research commonly focuses on individual inventory items, aggregated
expenditure, clinical services, or predictive modelling. Consequently, the relationships among daily total sales,
profits, total discounts, average cost of sales, and sales values based on the latest purchase price remain
insufficiently described at the individual community-pharmacy level.

The present study addresses this gap by conducting a retrospective exploratory analysis of daily pharmacy
transaction data. The analysis integrates data-quality assessment, robust descriptive statistics, distributional
analysis, correlation analysis, and temporal visualization. The year, month, and day variables are used to construct
a chronological index and investigate calendar-related variation. Rather than developing predictive models, the
study aims to provide a transparent and interpretable description of the distributions, unusual observations,
temporal patterns, and relationships within the recorded financial indicators. The findings may provide a
foundation for improved cost monitoring, discount assessment, purchasing decisions, and future multi-site
investigations.

3. Methodology

3.1 Study Design and Setting

This study adopted a retrospective, quantitative, and exploratory design to examine daily pharmaceutical sales
transactions recorded by a community pharmacy. Exploratory data analysis (EDA) was used to characterize the
distributions of sales, costs, discounts, and profits; identify unusual observations; investigate temporal variations;
and examine relationships among the financial variables. The study was descriptive and did not involve
forecasting, predictive modeling, or causal inference.

The data covered the period from September 1, 2022, to October 31, 2023 in a community pharmacy located in
Sabha, Libya, . This period provided approximately 14 months of transaction records, allowing daily, monthly,
and year-specific patterns to be examined. To preserve commercial confidentiality, the identity and exact location
of the pharmacy were not disclosed.

3.2 Data Source and Unit of Analysis

The data were obtained retrospectively from the pharmacy’s electronic sales-recording system. The original
database contained 428 records. Each record represented the aggregated sales activity recorded for a particular
day. No patient-level, prescription-level, or personally identifiable information was included.

The primary unit of analysis was therefore the pharmacy-day. The financial values were reported in Dainar Libya.
Before analysis, the year, month, and day variables were combined to construct a complete calendar-date variable.
The constructed dates were used to arrange the observations chronologically and examine temporal patterns.
Following data-quality assessment and preprocessing, 396 observations were included in the final exploratory
analysis. The number of excluded observations and the reasons for their exclusion were documented to support
transparency and reproducibility.

3.3 Study Variables

The dataset contained five continuous financial variables and three categorical calendar variables. The definitions
and measurement types of the variables are presented in Table 1.
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Table 1. Description of the study variables

Variable Description Type
. Profit generated from pharmaceutical sales during the Numerical
Profits . .
recorded period (continuous)
Total last purchase Total value calculated using the most recent purchase price Numerical
sales price of the products sold (continuous)
Total average cost of Total cost of the products sold, calculated using their Numerical
sales average acquisition cost (continuous)
. . . Numerical
Total discounts Total monetary value of discounts applied to sales .
(continuous)
Total sales Total revenue generated from pharmaceutical sales Numerlcal
(continuous)
Year Calendar year of the sales record Categgrlcal
(nominal)
Month Calendar month of the sales record Categgrlcal
(nominal)
Day Calendar day of the sales record Categc_)rlcal
(nominal)

The calendar variables were treated as categorical when comparing sales activity across years, months, or days.
However, they were also combined into a chronological date variable for temporal visualization.

When total sales were greater than zero, the daily profit margin was calculated as [26]:
Profit=Daily profit\Total daily sales*100

Profit margin was used as a descriptive measure of profitability relative to sales revenue. Because profit may be
calculated from sales and cost information, relationships involving profit were interpreted as accounting
associations rather than independent causal relationships.

3.4 Data Quality Assessment and Preprocessing

Data preprocessing was performed before the statistical analysis. The assessment addressed duplicate records,
invalid dates, missing values, inconsistent data types, impossible financial values, and potentially influential
observations.

First, the year, month, and day fields were converted into a valid date format. The resulting dates were checked
for chronological consistency, repeated dates, missing dates, and observations outside the specified study period.
When more than one record represented the same date, the source records were reviewed to determine whether
they were genuine separate entries or accidental duplicates. Genuine records for the same day were aggregated
only when all financial variables shared the same measurement basis [27].

Second, all financial variables were converted to humerical format. Currency symbols, commas, spaces, and other
non-numerical characters were removed where necessary. Values were checked for negative sales, costs, or
discounts. Any value that was inconsistent with the accounting definition of its variable was verified against the
original record before correction or exclusion[28].

Third, missingness was calculated for each variable and for the dataset overall. Missing values were not
automatically replaced with the mean because mean imputation can artificially reduce variability and alter
correlations. When the proportion of missing observations was small, an available-case approach was used,
meaning that each analysis included records with valid values for the variables involved. The number of
observations contributing to each analysis was reported where it differed from the final sample size [29].

Potential outliers were initially identified using boxplots and the interquartile-range rule [24]:

Lower boundary=Q_1-1.5(IQR)
Upper boundary=Q_3+1.5(IQR)
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where (Q_1) and (Q_3) represent the first and third quartiles, respectively, and (IQR=Q_3-Q_1). Observations
outside these boundaries were treated as potentially unusual rather than automatically removed. Each flagged
value was reviewed in relation to its date and the other financial variables. An observation was corrected or
excluded only when it could reasonably be attributed to duplication, data-entry error, an invalid date, or another
documented recording problem. Legitimate high-sales or high-profit days were retained because they represented
meaningful operational variation.

A sensitivity analysis was conducted, where appropriate, by repeating key descriptive summaries and correlations
with and without highly influential observations. This made it possible to determine whether the main findings
were driven by a small number of extreme values.

3.5 Exploratory Data Analysis
The exploratory analysis consisted of univariate, bivariate, and temporal analyses.
3.5.1 Univariate Analysis

The distribution of each continuous variable was summarized using the number of valid observations, mean,
standard deviation, median, interquartile range, minimum, maximum, and quartiles. The median and interquartile
range were emphasized when distributions were strongly skewed. Histograms, density plots, and boxplots were
used to assess distributional shape, variability, skewness, and extreme observations. For variables with highly
right-skewed distributions, logarithmic visualizations were considered to improve graphical interpretation. Any
transformation was used only for visualization and did not replace the original monetary values in the descriptive
tables. Frequencies and percentages were calculated for the year, month, and day variables. The completeness of
daily observations within the study period was also examined [30].

3.5.2 Bivariate Analysis

Relationships among profits, total sales, total discounts, total average cost of sales, and total last purchase sales
price were examined using scatterplots and correlation analysis. Pearson’s correlation coefficient was considered
when two variables displayed an approximately linear relationship without substantial skewness or influential
outliers. Spearman’s rank correlation coefficient was used as the principal measure when distributions were
skewed, relationships were monotonic but not linear, or extreme observations were present. Correlation
coefficients were presented using a correlation matrix and heatmap. The strength and direction of the relationships
were interpreted descriptively. Correlations were not interpreted as evidence that one financial variable caused
changes in another. Particular caution was exercised when interpreting correlations between profit, sales, and costs
because these variables may be linked through the pharmacy’s accounting calculations [31].

3.5.3 Temporal Analysis

Daily values of total sales, profits, costs, and discounts were plotted chronologically to identify changes, clusters
of high or low activity, gaps, and unusual transaction days. Monthly summaries were then calculated to reduce
short-term daily variation and provide a clearer description of changes over the observation period. For each
calendar month, the following measures were calculated where applicable:

number of recorded operating days;
total sales;

average and median daily sales;
total profit;

average and median daily profit;
total cost of sales;

total discounts; and

average profit margin.

Monthly totals were interpreted alongside the number of recorded operating days because months with more
observations could naturally produce larger totals. Average and median daily values were therefore used when
comparing months with unequal numbers of recorded days [32].The study period covered approximately 14
months. Consequently, recurring annual seasonality could not be established reliably from this dataset. Month-to-
month patterns were reported as patterns observed during the study period rather than as evidence of stable
seasonal behavior.
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3.6 Data Presentation

The results were presented using descriptive tables and figures. Summary-statistics tables were used to report the
central tendency and dispersion of the continuous variables. Histograms and boxplots described their distributions,
while scatterplots and a correlation heatmap illustrated relationships among the financial measures. Line charts
were used to display daily and monthly changes in sales, costs, discounts, and profits. Bar charts were used to
compare monthly and yearly summaries. All figures included clearly labeled axes, measurement units, observation
periods, and explanatory captions [33].

3.7 Statistical Software and Reproducibility

Data preparation, statistical analysis, and visualization were performed using software version Python 3.13. The
principal packages used were pandas, NumPy, Matplotlib, Seaborn, and SciPy.A reproducible analytical
workflow was maintained by preserving the original data separately from the cleaned analytical dataset. All
cleaning decisions, excluded records, derived variables, and graphical procedures were documented. A fixed
significance level was not emphasized because the study was primarily exploratory and descriptive [34].

4. Result and Discussion

This section presents the findings of the exploratory analysis of the pharmacy’s daily financial activity. The
analysis focuses on data quality, descriptive distributions, temporal variation, and relationships among profits,
total sales, and total average cost of sales.

4.1 Data Quality and Analytical Sample

The original dataset contained 428 records covering the period from September 1, 2022, to October 31, 2023.
Approximately 2.3% of the data points were missing, principally in the profits, total average cost of sales, and
total sales variables. Following the preprocessing procedures described in Section Ill, including missing-value
treatment and screening of potentially influential observations using the interquartile-range criterion, 396 records
were retained in the cleaned analytical dataset.

The exploratory assessment identified several unusually high financial values. These observations were examined
using histograms and boxplots before subsequent analyses were conducted. Extreme observations were interpreted
cautiously because they could represent genuine high-activity days, data-entry errors, inconsistent measurement
units, or accounting adjustments.

The maximum recorded profit was particularly unusual relative to the distributions of profits and sales.
Consequently, results based on the mean and standard deviation were interpreted alongside the median and
interquartile range, which are less sensitive to extreme observations.

4.2 Descriptive Statistics

Table 2 presents the descriptive statistics for the three principal financial variables before the exclusion of
potentially influential observations. Year, month, and day were not summarized using means and standard
deviations because they were used primarily as calendar identifiers.

Table 2. Descriptive statistics of the principal daily financial variables
Variable N Mean | SD Minimum | Q1 Median | Q3 Maximum
Profits 428 | 322.75 | 5,019.70 | 0.00 40.11 | 66.46 105.89 | 103,921.24
Total average cost of sales | 428 | 174.14 | 119.59 5.35 90.51 | 155.79 | 219.72 | 978.84
Total sales 428 | 257.23 | 171.99 15.00 133.75 | 233.25 | 328.12 | 1,369.75

Note: SD = standard deviation; Q1 = first quartile; Q3 = third quartile. Monetary values are expressed in Dinar Libya.

Daily profit displayed the greatest variability. Its mean was 322.75, whereas its median was only 66.46. The
considerable difference between the mean and median, together with the standard deviation of 5,019.70, indicates
that the arithmetic mean was strongly influenced by an extreme upper observation. The middle 50% of profit
observations ranged from 40.11 to 105.89, suggesting that profit on a typical day was substantially lower than the
reported mean.

The maximum profit of 103,921.24 was more than 1,500 times the median and substantially exceeded the
maximum recorded daily sales value of 1,369.75. If profits and sales were measured for the same reporting period
and in the same currency, such a result would be inconsistent with a conventional calculation of daily profit. This
observation may represent a data-entry error, a different unit of measurement, an accounting adjustment, or the
aggregation of transactions from different periods. It should therefore be verified against the original pharmacy
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record. Until it is reconciled, the median and interquartile range provide more reliable descriptions of routine
profitability than the mean and standard deviation.

Total sales showed less extreme variation. Mean daily sales were 257.23, while median daily sales were 233.25.
The central 50% of sales observations ranged from 133.75 to 328.12. The difference between the mean and median
indicates moderate positive skewness, with a smaller number of high-sales days increasing the mean.

Total average cost of sales had a mean of 174.14 and a median of 155.79. Its middle 50% ranged from 90.51 to
219.72. The relatively modest difference between the mean and median suggests that the central cost distribution
was more stable than the profit distribution, although the maximum of 978.84 indicates that several high-cost days
occurred.

The mean and median values of total sales were higher than the corresponding cost values. This difference is
consistent with the operation of a business that generates a positive gross margin. However, it should not be
interpreted as net profitability because other expenses, such as salaries, rent, utilities, taxes, wastage, and
administrative costs, were not included in the dataset.

4.3 Distributional Characteristics and Influential Observations

The histograms and boxplots demonstrated that profits, total sales, and total average cost of sales were positively
skewed (Figure 1). Most observations were concentrated at lower or moderate values, while a smaller number of
observations formed extended upper tails.

Profit exhibited the most pronounced skewness and contained one exceptionally influential upper value. Total
sales and total average cost of sales also contained observations above the upper boxplot whiskers, but these were
considerably less extreme than the maximum profit value.

The distributional findings demonstrate the importance of presenting robust summary measures. In highly skewed
financial data, the mean may not represent the experience of a typical operating day. Therefore, the median and
interquartile range should be considered alongside the mean and standard deviation when evaluating pharmacy
performance.

Observations beyond 1.5 times the interquartile range are statistical outliers but are not necessarily erroneous. A
high-sales day may represent a genuine increase in demand, a bulk purchase, a public holiday effect, or another
operational event.
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Figure 1. Distributions and boxplots of the principal daily financial variables before outlier treatment: profits, total average
cost of sales, and total sales

4.4 Calendar Patterns

Calendar heatmaps were used to examine the distribution of daily profits, sales, and costs throughout the study
period (Figure 2). The visualizations suggested that higher sales and profits occurred more frequently toward the
end of the working week, particularly from Thursday to Saturday. Lower values appeared more frequently on

Mondays and Tuesdays.
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Total average cost of sales followed a broadly similar weekly pattern, although the differences were less
pronounced than those observed for sales and profits. This correspondence is operationally reasonable because an
increase in sales activity generally increases the value of the products sold.

Several factors may explain the apparent end-of-week increase, including customer purchasing routines,
prescription-refill patterns, pharmacy opening schedules, and changes in demand before weekends. However, the
dataset did not include customer counts, opening hours, prescription information, product availability, or holiday
indicators. Therefore, the analysis could identify the temporal concentration of high values but could not
determine its underlying cause.
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Figure 2. Calendar heatmaps of daily profits, total average cost of sales, and total sales during the study period

4.5 Monthly Variation

The monthly boxplots demonstrated differences in both the central tendency and variability of the three financial
measures (Figure 3). Profit medians were comparatively higher during March and several mid-year months,
including May, June, and July. April displayed a noticeable reduction in median profit. Lower profit medians were
also observed during some later months, although the extent of these differences varied between the calendar
heatmaps and monthly boxplots.

Total sales demonstrated a pattern broadly similar to that of profits. Higher sales medians and wider interquartile
ranges were observed during parts of January—March and May-July, while April displayed a distinct reduction.
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The wider interquartile ranges during the higher-sales months indicate that daily activity was not only greater but
also more variable.

Monthly variation in total average cost of sales was less pronounced. January, February, and March generally
showed higher median costs and somewhat wider distributions, whereas April and several later months showed
lower median values. The alignment between higher sales and higher costs supports the expectation that the cost
of products sold increases with pharmacy activity.

These monthly differences should not be described as established annual seasonality. The dataset covered
approximately 14 months and did not contain enough complete annual cycles to establish that the same patterns
recur from year to year. The observed differences could also reflect unequal numbers of recorded operating days,
public holidays, medicine availability, local disease patterns, or economic conditions.
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Figure 3. Monthly boxplots of daily profits, total average cost of sales, and total sales in the cleaned analytical dataset

4.6 Relationships Among Sales, Costs, and Profits

The correlation analysis demonstrated strong positive relationships among the three principal financial variables
(Figure 4). Total sales and profits had a correlation coefficient of 0.86, indicating that days with higher sales were
generally associated with higher profits.

The strongest relationship was observed between total sales and total average cost of sales, with a correlation
coefficient of 0.99. This near-proportional relationship suggests that increases in sales were accompanied by
corresponding increases in the cost of the products sold. While this relationship is financially plausible, its
magnitude may also indicate that the two variables were derived from closely related accounting calculations.
Their definitions and calculation procedures should therefore be clearly reported.
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Profits and total average cost of sales had a correlation coefficient of 0.83. This positive association should not be
interpreted as evidence that higher costs directly produce higher profits. A more plausible explanation is that sales
activity acts as a common underlying factor. High-activity days generate greater revenue, require a greater value
of products to be sold, and consequently generate higher gross profit.

The scatterplot of total sales against profits supported the correlation results by showing a clear upward
relationship. The color gradient representing total average cost of sales indicated that costs generally increased
with sales. However, some variation in profits remained among observations with similar sales values, possibly
reflecting differences in product margins, acquisition costs, or discounts.

Because these results are correlational, they do not demonstrate causation. In addition, profit is likely calculated
partly from sales and costs. The high correlations may therefore reflect accounting relationships rather than
statistically independent associations.
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Figure 4. Relationship between total sales, profits, and total average cost of sales: scatterplot of total sales against profits
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4.7 Daily Variation Across the Study Period

The chronological plots showed substantial day-to-day variation in total sales and profits (Figure 5). These two
measures generally moved in the same direction, consistent with their strong positive correlation. Total average
cost of sales displayed comparatively less variation but increased during many of the same high-activity periods.
During the observed portion of 2022, the three variables fluctuated without a clear sustained upward or
downward direction. The 2023 series contained several clusters of high sales, costs, and profits. A possible
increase in sales and profits was visible during parts of 2023, but short-term fluctuations were more prominent
than any overall trend. The evidence was therefore insufficient to conclude that the pharmacy experienced
sustained growth during the study period.

Abrupt low values and discontinuities were also observed. These may indicate pharmacy closure days, missing
transactions, stock shortages, or changes in the recording process. Since contextual variables were unavailable,
the temporal plots could identify when unusual behavior occurred but could not explain why it occurred.
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Figure 5. Daily total sales, profits, and total average cost of sales during 2022 and 2023.

4.8 Operational Implications

The exploratory findings have several implications for pharmacy management. First, the highly skewed profit
distribution demonstrates that routine performance should not be assessed using the arithmetic mean alone.
Median profit, interquartile range, and verified profit margin would provide a more representative description of
typical operations.

Second, the strong relationship between sales and costs indicates that revenue growth should be evaluated
alongside the acquisition cost of the products sold. An increase in revenue does not necessarily result in a
proportional improvement in profitability when product costs and discounts also increase.

Third, the apparent concentration of higher activity toward the end of the week may be relevant to staffing and
inventory decisions. If confirmed using a longer observation period, the pharmacy could increase monitoring of
high-demand products and adjust staff coverage before the busiest days. However, operational changes should not
be based solely on the current dataset because the weekly pattern may be influenced by unmeasured factors.
Finally, the analysis demonstrates the value of routine data-quality monitoring. Financial observations that exceed
predefined thresholds should be automatically flagged and compared with the original transaction records. Such
a procedure would help distinguish genuine high-activity days from accounting or data-entry errors.

4.9 Limitations

This study has several limitations. The data were obtained from a single community pharmacy, limiting the
generalizability of the findings to other pharmacies and geographical settings. The study covered approximately
14 months, which was insufficient to establish recurring annual seasonality or long-term changes.

The dataset included aggregated daily financial measures but did not contain product categories, quantities sold,
customer numbers, prescription types, supplier information, opening hours, stock availability, holidays, or
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promotional activities. The analysis could therefore describe observed patterns and associations but could not
determine their causes.

Despite these limitations, the exploratory analysis provides a structured description of the pharmacy’s daily
financial activity. It identifies highly skewed financial distributions, substantial short-term variation, possible
calendar-related differences, and strong relationships among sales, costs, and profits. These findings provide a
foundation for improved data-quality practices and evidence-informed pharmacy operations without relying on
predictive modeling.

6. Conclusion :

This study explored approximately 14 months of community pharmacy sales data and identified positively skewed
distributions, substantial daily variation, and strong relationships among sales, costs, and profits. Higher activity
was more frequently observed toward the end of the week, although the limited study period did not support firm
conclusions about seasonality. The findings emphasize using robust measures such as medians, interquartile
ranges, and profit margins, while verifying extreme values against original records. Although limited to one
pharmacy and a small set of aggregated variables, the study demonstrates how exploratory analysis can support
financial monitoring, inventory planning, data-quality improvement, and operational decision-making. Future
studies should use longer, multi-pharmacy datasets and incorporate product, customer, prescription, and inventory
information.
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