A Guide to Graphs and Tables
Purpose of Graphs
Graphic presentation of data is an important aspect of communicating ideas in science. Whatever the format of
presentation, (slide-show, poster, abstract, or manuscript) your audience often makes critical judgments based on
the data you present them with. As such, learning to effectively present the data you have collected will help you
tremendously in the expression of your own ideas. This handout is designed to reacquaint you with scientific
graphing. Before we look at some examples, let us review the basic parts of a graph since they play an important
role in communication.
Parts of a Graph

1-Y axis- The dependent variable, also known as the response variable is the variable that is measured in the
experiment. It is displayed on the vertical axis of the graph in two- dimensional space.
2-X axis- The independent variable, or the variable that is manipulated by the researcher is displayed on the
horizontal axis of the graph in two- dimensional space.
3-Axes labels- Labels communicate the variables present on the graph.
4-Units- Units next to axes labels communicate the property of measurement. Units are not needed for
categorical independent variables.
5-Tick marks- If both the x and y variables are continuous, then the tick marks create increments from a lower
number to a higher number along both axes. However if the x variable is categorical, then the tick marks
reference the categories as they are defined by experimental parameters.
6-Data Points- Data points are obtained directly from the experiment and are depicted in two- dimensional space
based on the value of the independent variable. Also, data points may be displayed as summaries; for instance:
averages accompanied with error bars, percentages, and changes.
7-Key- Helps to identify and label symbolic data in a simplified manner which reduces clutter from direct
labeling on the graph.
8-Descriptive Title- Provides a concise statement that summarizes the relationship between the independent and
dependent variables in the experimental study.

Data
When assembling graphs for presentation it is often unnecessary to include all accessible data points. Presenting
all material collected typically obscures the major point of your graph. To avoid this, before you assemble the
outline of your presentation carefully establish the major points you’d like to make. For example, you have
measured the resting heart rate in beats per minutes (bpm) of everyone in your lab group. You calculate the
mean value to be 71.32 bpm. How should you report it? 71 bpm?, 71.3 bpm? or 71.32 bpm? You need to
consider what you are measuring, what your purpose is (test of your hypothesis), and the sensitivity of your
instruments. In this case, reporting a fraction of a heartbeat in the average doesn’t make sense because you don’t
have a third of a heart beat! If multiple trials were performed in a given condition, the average of the trials with
the standard deviation or standard error should be plotted for each condition.
Examples of Graphs
Below are examples of the most common graphical displays of data for your reference. Each of the computers in
the lab has the PowerLab data acquisition and analysis software. Within ‘Chart’ you should be able to get all the
measurements that you are interested in. I would suggest using Microsoft Excel or OriginPro on the laptops to
generate figures for data other than example traces of recordings. Appropriate statistics can also be performed
within Excel and OriginPro. Please consult with me regarding the appropriate statistical tests to perform on your
data and how to display those results on your figures.
Raw data plots
Histograms
An extremely useful type of graph that can be used either for one of your data displays to report with or to get an
idea of the data distribution to inform further analysis decisions is the histogram. The measured values are
plotted on the x-axis and the number of times that value is observed is plotted on the y-axis. Often the x-axis
values are organized into ranges called bins. Below are histograms of nerve conduction velocities in different
nerves (Figure 1)
Figure 1 - Example of a histogram

Figure 11. Frequency histogram of conduction velocities of
preganglionic fibers in different trunks attached to nerve
inferior mesenteric ganglion of guinea pig.
(Source: Data from J. H. Szurszewski and P. J. Crowcroft.)

Scatter plots
Scatter plots are a nice way to illustrate how two variables are related to one another. The individual, raw data
are plotted for the two values instead of averages. In the example below, the levels of sodium in the blood serum
(liquid portion) are plotted as a function of the change in body weight following an endurance race. Also
included are clinically-related classifications for sodium levels and the hydration status of the athletes. You can
see that there is a relationship between the two variables.

Figure 2. Example of a scatter plot. (From: Rosner and Kriven, 2007)

Categorical data sets
Bar graphs
Bar graphs are useful in comparing (or contrasting) a series of values collected under different
circumstances that cannot be conveniently arranged in a quantitative manner. They are also useful in comparing
a series of values collected at the same time. For example, the data shown in Figure 3 below are from an
experiment evaluating the time it took for subjects to exert themselves to exhaustion (y-axis, dependent
variable) depending on prior activity or recovery activities (x-axis categories, independent variables). Note
that the x and y axes are clearly labeled, each group is easily distinguishable, and the standard error is shown as a
line on each bar. Significant differences are indicated with asterisks. Also note the figure legend under the
figure describing in text what is plotted with some more information to aid in its interpretation.
Figure 3 - Example of a bar graph (From Bailey et al.,
2009)

Dot plots
Dot plots are a great way to show all of the data in a data set so the viewer can see the distribution easily.
Similar to the histogram, the data points falls into discrete bins. The independent variable is categorical and the
dependent variable is continuous. The mean is often denoted with a bar. Figure 4 is an example of a dot plot.

Figure 4 - Example of a dot plot (From N. ANIM-NYAME et
al., 2000)

Figure 1 Dot plot comparing calf nutritional blood flow in non-pregnant controls, normally pregnant controls and
women with pre-eclampsia
Box plots
Box plots are a statistical plot that allows you to provide very detailed descriptive statistics about a data set in a
concise visual. The median of the data set (line in the middle of the box) is determined and then the data set is
divided into four, equal parts (quartiles) along the range of the data values. The number of data points that fall
into each of those quartiles is represented by the size of the box (for the two middle quartiles around the median)
or whisker for the outer quartiles. The mean is often denoted with an asterisk or other symbol.

Figure 5. Example of a box plot (From:
http://ajprenal.physiology.org/cgi/contentnw/full/298/6/F1484/F2)

Fig. 2. Box plot comparing physical traits and renal parameters of HS and Sprague-Dawley (SD) rats. Open plots
are HS data, and shaded plots are SD data. The box itself contains the middle 50% of the data. The upper quartile
(UQ) indicates the 75th percentile of the data set, and the lower quartile (LQ) represents the 25th percentile. The
interquartile range (IQR = UQ – LQ) represents a measure of variability and is displayed on right of each box
plot. The line within the box indicates the median value of the data; + represents the mean value of the
population. BW, body weight; BUN, blood urea nitrogen; CrCl, creatinine clearance.

Continuous data sets
Line Graphs
Line graphs are most often used to express how one measured variable varies continuously with another variable.
In general one variable such saturation of hemoglobin with O2 will depend on another variable such as the
amount of O2 available (PO2 , the Figure 6). The hemoglobin saturation in this example is the dependent
variable and PO2 is the independent variable. Convention favors plotting the independent variable along the xaxis or abscissa, and the dependent variable along the y-axis, or ordinate.
To distinguish between the different groups to be plotted, it is recommended that obviously different
symbols be used for each group or that they be clearly labeled if space permits you to do so clearly. Below are
two examples of line graphs. The figure of left shows the hemoglobin saturation vs. PO2 for in different pH (top)
and in different birds (bottom). The figure on the right is a plot of several dependent variables measured during
a dive by an emperor penguin as a function of time. Note how the different groups and measure are plotted in a
way that makes them easily distinguishable from one another with different colors and/or symbols).

Figure 6. Examples of line graphs. (From: Meir and Ponganis, 2009).

Other data displays (not an exhaustive list)
Pie Charts
Pie charts are effective at quickly communicating relative frequencies or percentages. The relative area of the pie
is divided into pieces, which represent the proportions of the whole. When constructing a pie chart, it is
important to construct the pie in two-dimensions, as adding the third-dimension distorts the area and causes
miscommunication. It is also important to label the wedges with names, percentages, and to differentiate each
wedge with a distinct color. Unlike other types of graphs, the pie chart does not use an L-shaped framework;
instead, it is primarily based on the polar coordinate system, which limits its utility in biology. Thus, the pie
chart cannot communicate distribution in data, cannot illustrate uncertainty via error bars or standard deviation,
and cannot be used for displaying nested data.

Fig. 2.Pie chart illustrating the global functional distribution of genes in rat LV myocardium whose expression was significantly altered by diabetes.
This graph is based on GO Cellular Component classification (1). The total number of genes with a GO Cellular Component Classification term and at
least one other associated GO term were used in this analysis, yielding a total of n = 394 out of an overall total of n = 1,614 significantly modified
genes. Genes were sorted according to their GO classification and the total in each category then divided by the total number of genes analyzed (n =
394) to generate respective percentages, as shown. LV, left ventricle; GO, gene ontology.

Figure 7. Example of a pie chart (From Jones et al., 2007)
Tables
Tables are used to describe large amounts of data that would ordinarily be too burdensome to graph. The format
of a table allows many variables which may have distinctly different units of measure to be assembled for quick
reading. However tables can be challenging to sift through and the take home message is not immediately clear.
The table below is an example of a table summarizing heart rate, blood pressure, and exercise duration and
intensity in men and women. Note the descriptive title at the top and the caption below providing some more
information to assist in evaluating the data in the table.

Figure 8. Example of a table
(From Chalela et al., 2009)

Guide to Data Displays*
Data Display Type
Bar Graph

Usage
To compare categorical data,
percentages, or summary statistics
from multiple groups. 42 Each bar
represents a category; shape can
be changed by moving the
categories around.25

Advantages
Useful for understanding
distributions from large
datasets. 42. Stacked bars or
shading of bars can be used to
distinguish the different levels
within the data.42

Disadvantages
Obscures the distribution of
data42, 49, number of data
points, and their values.17, 18

Box and Whisker Plot

To show distribution of data from
one or multiple groups18, 42.

Shows and compares
distributions of large
datasets.18, 42

Should not be used for
small datasets.42 Does not
show individual data(except
for outliers).42

To show a distribution of data
with the independent variable as
continuous.25 Uses numerical data
instead of categorical data 25.

Shows the shape of the
distribution of data with a
continuous variable.25

Must choose the bin size
wisely to avoid influencing
the shape being too
compressed or too
dispersed.25

To show how a single variable or
multiple variables changes over
time or to show how a variable
deviates from a set baseline20 X
axis portrays categories while the
Y axis portrays quantitative
values.20
To show distribution of small data
sets from multiple groups .17, 49
The independent variable is
categorical and the dependent
variable is continuous.

Shows direct relationships and
may be used to predict
relationships between
continuous variables. 34

Not appropriate for
representing ranked, part-towhole, or correlational data.

Shows all data from multiple
categories and the distribution
within each category.17, 49

Not appropriate for
representing a large data set
because the plot will
become cluttered and it will
be difficult to see the
individual points.17

Scatterplot

To show individual data points
from bivariate data.42

Shows the relationship
between variables. 18, 42 Shows
trends in the data and any
noticeable outliers.

It may be difficult to extract
individual data points if
they fall on the same or
nearby coordinates.18, 42

Tables

To display simple relationships
between numerical values and
categorical groups, so that
individual values can be easily
extracted from the rows and
columns20. Often used for small
data sets. 19, 47

Since values in a table are
encoded as text, it is easy to
extract individual values. 19, 20
Numbers in a table can be
displayed with decimal
precision.20, 47 A table can also
communicate multiple sets of
data with different units. 20

Tables may make it difficult
to interpret the take home
message if not organized
properly.19

Histogram

Line Graph

Dot Plot

20

* From: Angra A and Gardner SM (2016). Development of a Framework for Graph Choice and Construction. Advances in
Physiology Education 40: 123–128. doi:10.1152/advan.00152.2015

