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Introduction

Graphs are the language of mathematics and statistics, turning abstract numbers into visual stories that anyone

can read at a glance. Whether you're a student grappling with a new concept, a teacher looking to illustrate data
trends, or a researcher presenting complex relationships, understanding the variety of graphs available is essential.
In this guide we’'ll explore the most common and useful different types of graphs in maths, explain when to use
each, and give practical tips for creating clear, accurate visualisations. By the end, you'll be able to choose the right
graph for any data set and confidently explain its meaning to classmates, colleagues, or clients.

1. Line Graphs —Tracking Change Over Time

Line graphs are the go-to tool for displaying how a variable changes across a continuous range, such as time. They
consist of points connected by straight lines, allowing viewers to see trends, peaks, and troughs quickly. A line
graph is ideal when you need to compare multiple data series simultaneously; each series gets its own line, and a
legend clarifies which line represents which variable.

e Best for: Temporal data, continuous variables, trend analysis.
» Key features: X axis (independent variable), Y axis (dependent variable), gridlines for readability.
¢ Common pitfalls: Overcrowding with too many lines, using uneven axis scales that distort trends.

Example: Plotting monthly sales figures for two product lines over a year reveals which product is gaining traction

and whether seasonal patterns exist.

2. Bar Graphs — Comparing Discrete Categories

Bar graphs, or column charts, are perfect for contrasting distinct categories. Each bar’s height represents a value,
making differences immediately apparent. Horizontal bars are useful when category labels are long, while vertical
bars are conventional for quick comparisons.

e Best for: Categorical data, ranking, frequency counts.
» Key features: Axis labels, bar spacing, optional error bars.
« Common pitfalls: Mislabeling axes, using 3D effects that obscure true values.

Example: Showing the number of students enrolled in each major at a university helps highlight popular disciplines.

3. Pie Charts — Proportional Representation

Pie charts slice a whole into sectors, each sector’s size indicating a proportion of the total. They are most effective
when you want to illustrate parts of a whole, especially when there are a few key segments. However, too many
slices can make a pie chart cluttered and hard to interpret.

» Best for: Percentage breakdowns, simple distributions.
* Key features: Legend, labels with percentages, optional exploded slices for emphasis.
« Common pitfalls: Too many categories, misleading use of 3D effects, lack of clear labels.

Example: Displaying the market share of smartphone operating systems in a single glance.



4. Scatter Plots — Revealing Relationships

Scatter plots are indispensable for exploring the relationship between two quantitative variables. Each point
represents an observation, and the overall pattern can indicate correlation, clusters, or outliers. Adding a trend line
(linear regression) can further clarify the relationship.

e Best for: Correlation analysis, identifying outliers, spotting clusters.
» Key features: X andY axes, optional regression line, color coding for groups.
* Common pitfalls: Overplotting when data points overlap, ignoring axis scaling.

Example: Plotting study hours versus exam scores for a class to assess whether more study time predicts higher

performance.

5. Histograms — Understanding Distribution

Histograms display the frequency distribution of a single continuous variable. They group data into bins (intervals)
and show how many observations fall into each bin. This visual helps identify skewness, modality, and spread.

¢ Best for: Frequency distribution, data density, identifying normality.
« Key features: Bin width selection, axis labels, optional density curve overlay.
« Common pitfalls: Choosing inappropriate bin widths that hide patterns or create artificial peaks.

Example: Visualising the distribution of test scores to determine if they follow a bell curve.

6. Box Plots — Summarising Statistical Tails

Box plots (box and whisker plots) provide a concise summary of a data set’s central tendency and variability. They
display the median, quartiles, and potential outliers. Box plots are especially useful for comparing multiple groups
side by side.

« Best for: Comparing distributions, detecting outliers, summarising large data sets.
« Key features: Median line, interquartile range (IQR), whiskers, outlier markers.
« Common pitfalls: Misinterpreting whisker length as a fixed rule; different software uses varying definitions.

Example: Comparing the distribution of salaries across different departments in a company.

7. Area Charts — Cumulative Visualisation

Area charts are similar to line graphs but fill the space below the line with color, emphasizing the magnitude of
change over time. Stacked area charts can show how multiple components contribute to a total, while single area
charts highlight cumulative growth.

e Best for: Cumulative totals, composition over time.
« Key features: Transparency for overlapping areas, legend for component identification.
« Common pitfalls: Overlap obscuring data, confusing stacked percentages with absolute values.

Example: Showing the cumulative revenue from multiple product lines over several quarters.

8. Radar Charts — Multivariate Comparison

Radar charts, or spider charts, plot multiple variables on axes radiating from a central point. They are useful for
comparing performance across several dimensions simultaneously. Each data point is connected, forming a



polygon whose shape reflects the profile.

e Best for: Profiling, multi criteria analysis, skill assessments.
¢ Key features: Axis labels, concentric circles for scaling, legend for multiple data sets.
« Common pitfalls: Misleading scale differences, clutter with many variables.

Example: Comparing the strengths and weaknesses of different programming languages across speed, ease of

use, and community support.

9. Network Graphs —Visualising Relationships

Network graphs represent entities as nodes and their relationships as edges. They are powerful for illustrating
social networks, biological pathways, or any system of interconnected components. Directed edges (arrows) show
directionality, while undirected edges indicate mutual relationships.

e Best for: Social networks, communication pathways, dependency graphs.
e Key features: Node size (importance), edge thickness (strength), layout algorithms (force directed, circular).
e Common pitfalls: Over crowding nodes, misinterpreting edge weights.

Example: Mapping the collaboration network of authors in a research field.

10. Flowcharts — Process Mapping

Flowcharts depict a sequence of steps or decisions in a process. They use standardized symbols—ovals for start/
end, rectangles for processes, diamonds for decision points—to convey logic clearly. Flowcharts are invaluable for
documenting algorithms, business processes, or troubleshooting steps.

e Best for: Process documentation, algorithm representation, troubleshooting.
» Key features: Clear labeling, directional arrows, consistent symbol usage.
e Common pitfalls: Over complexity, inconsistent symbol use.

Example: Creating a flowchart for the checkout process on an e commerce website.
11.Venn Diagrams — Set Relationships

Venn diagrams illustrate the logical relationships between sets. Overlapping circles represent common elements,
while non overlapping parts show exclusive elements. They are often used in probability, logic, and set theory to
demonstrate intersections, unions, and differences.

e Best for: Set theory, probability, comparing groups.
« Key features: Clear labeling of sets, shading for intersections.
« Common pitfalls: Misrepresenting set sizes, confusing overlaps.

Example: Visualising the overlap between students who play sports, study music, and volunteer.

12. Graph Theory — Structural Graph Types

Beyond visualisations, mathematics has its own taxonomy of graph structures. These abstract graphs form the
backbone of combinatorics, computer science, and network analysis.

12.1 Undirected vs. Directed Graphs

An undirected graph has edges without orientation, indicating mutual relationships. A directed graph (digraph)
assigns a direction to each edge, useful for modelling flows or hierarchies.



12.2 Weighted and Unweighted Graphs

Weighted graphs attach a numerical value to edges, representing cost, distance, or capacity. Unweighted graphs
treat all edges equally.

12.3 Bipartite Graphs
Bipartite graphs have two disjoint vertex sets with edges only crossing between them. They model relationships like
job assignments or matching problems.

12.4 Trees and Forests

A tree is an acyclic connected graph, often used to represent hierarchical structures such as file systems or
taxonomies. A forest is a collection of trees.

12.5 Graph Connectivity and Cycles
Connected graphs allow a path between any two vertices. Cycles are closed paths; acyclic graphs (like trees)
contain no cycles. Understanding connectivity helps in network reliability and routing.

These structural graph types underpin algorithms for shortest paths, network flow, and graph colouring, illustrating
how visual graph concepts translate into powerful mathematical tools.

Conclusion

From the simple line and bar charts that most students first encounter to the sophisticated network graphs that
reveal hidden structures, the world of mathematical graphs is diverse and rich. By selecting the appropriate graph
type, you can transform raw data into insights that resonate with your audience, whether you're teaching a concept,
presenting research, or making business decisions. Remember to keep your visualisations clear, accurate, and
purposeful—use labels, legends, and consistent scales to guide interpretation. With practice, you’ll master the art
of mathematical visualisation and unlock the stories that numbers hold.
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