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How are graphs read? An indication of sequence

RUSSElL W. JONES, JOHN W. WARNER, and CHERIE L. CROSS
University ofMelbourne, ParkviUe, Victoria, Australia

Graphs are an extremely powerful communicative and analytical tool commonly used in both the be
havioral sciences and computing (as well as many other fields). More than 2.2 trillion graphs are pub
lished annually, and these graphs are used to communicate a host of often very important information
to readers. Yet despite the multitude of applications for which graphs are used, and despite the fre
quency of their use, little is known about how graphs communicate information or about the cognitive
processes that readers use when they read and interpret the information presented within graphs. In
sight into the answers to these questions can be obtained through the study of the techniques that peo
ple use to read graphs. This paper describes the research methodology and results of an empirical in
vestigation into the viewing order in which readers choose to view the different components of graphs
and into the length of time that readers spend studying each of these components.

Graphs are communicative tools in which data are en
coded in visual images (Lohse, Walker, Biolsi, & Reuter,
1991) for the purposes of communication and/or data
analysis. A cursory viewing of television news or a brief
browse through a daily newspaper will quickly reveal the
importance ofgraphs as tools for communication, just as
a glance at most research summaries prepared by any
psychological, social, scientific, medical, or industrial
research facility will reveal the importance of graphs as
useful tools for data analysis. It has been estimated that
more than 2.2 trillion graphs are printed annually (Jones
& Careras, 1996), and many more are produced daily for
display on television and computer monitors. The use of
graphical software is increasingly widespread, and the
increasing accessibility ofthis software to broader sections
of our community (Watson & Pereira-Mendoza, 1996)
portends an even greater importance for graphs as com
municative and analytical tools in the future.

Yet despite the enormous number of graphs that are
produced, their increasingly widespread use throughout all
facets of our society (Feeney, 1994), and their involve
ment in the communication of information within many
fields (including, in addition to computing and psychology,
all the other sciences, humanities, medicine, the media,
private industry, the military, government, and educational
organizations), there exists a paucity of empirical re
search into the ways in which graphs communicate infor
mation to readers. Recognition of this dearth ofempirical
research is not new; as early as 1874, Mayr drew atten
tion to the need for more empirical research, as did Crox
ton and Stryker in 1927. More recently, Cleveland (1985);
Cleveland and McGill (1986); Dempsey, Fisher, and
Marousky (1994); Jones and Careras (1996); Morley and
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Adams (1991); and Tufte (1983) have also called for more
empirical research. Most recently, the call for greater em
pirical research has been accompanied by a concomitant
call for greater understanding about how people read
graphs (e.g., Jackson, Edwards & Berger, 1993; Lohse
et al., 1991; Martin, Chiu, & Dailey, 1990; Pinker, 1990;
Rangecroft, 1991: Tversky & Schiano, 1989; Watson &
Pereira-Mendoza, 1996).

In particular, little is known about how graphs com
municate information to their readers or about the cog
nitive processes that readers use to read and interpret the
information presented in graphs. However, some valuable
studies have been published. Wickens and Andre (1990)
have reported the results of an experiment in which they
compared three indicators of aircraft stall danger either
as a bar graph or as combined features in an object display.
These researchers found that, relative to the bar graph, the
object display disrupted focused attention but improved
information integration. Sanderson, Flach, Buttigieg, and
Casey (1989) also compared the relative superiority of
bar graphs and object displays. They have reported two
studies in which, in contrast to the findings of Wickens
and Andre (1990), they found bar graphs to be superior
to object displays if the bar graph had a strong emergent
feature that mapped directly onto the task. It is likely that
such a "strong emergent feature" caused greater cognitive
attention to be paid to the variable encoded within the
feature, thereby enhancing the reader's ability to cognitively
process the variable. Also to be considered as an influence
on cognition is the type of tasks that readers can perform
while reading graphs. The cognitive processing of many
graphical displays may involve the reader's consideration
either of a relationship among several variables (often
called integrated tasks) or of specific values of individual
variables (often called focused tasks). Bennett and Flach
(1992) examined the interaction between visual features
within graphical displays and processing capabilities
from the perspective of basic research on attention and
object perception. These authors were able to conclude that
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it may be possible for graph designers to design graphs
requiring both integrated and focused tasks with a realistic
expectation that readers can successfullymaster both tasks.

In addition to benefiting from examinations of task
performance as a function ofgraph characteristics, as in
the prior studies, graph design should benefit from an
understanding of the techniques that people use to read
graphs. Certainly insight into the cognitive processing
that occurs while people interpret information presented
in graphs can be obtained through study ofthe techniques
that people use to read graphs. Of particular interest for
the study reported in this article was the viewing order in
which a reader chooses to look at the various components
within a graph and the length of time that a reader spends
studying each component. Answers to these questions
provide clues about the cognitive strategies that readers
use when they read graphs. In addition, such answers
may provide invaluable guidance to those involved in the
design of graphs.

STATEMENT OF PURPOSE

The research presented here describes a new software
tool and an empirical study of (1) the order in which read
ers choose to view the components ofa graph, and (2) the
measurement of the amount of time that readers take to
study each of these components. The purpose of this re
search was to increase our knowledge of how readers
view the different components that constitute graphs.
Specifically, we sought to answer the following questions:
Is there a statistically significant order in which the parts
of a graph tend to be viewed by readers and, if so, what
is this order? How much time do readers spend in study
ing each graphical component, and is there a statistically
significant difference between the amounts of time that
readers spend in viewing each component?

METHOD

Software Tool
A computer program, or software tool, was developed

to conduct this investigation. The software tool was writ
ten in Visual Basic, Version4.0 (Microsoft, 1995), and run
in a Windows 95 environment. This tool, Graphing Com
ponents (Warner & Jones, 1997), was designed to col
lect both survey and experimental data. Graphing Com
ponents presents subjects with a series of graphs. When
each graph is initially displayed, it is covered by a series
of seven buttons. These buttons cover each of the seven
components of a graph; title, data region (or body), legend,
x-axis, y-axis, x-axis label, and y-axis label. Each button
is labeled with the name of the graph component that it
covers (i.e., title, body, legend, etc.). For a subject to view
the portion ofa graph that is covered by each button, the
subject must use the computer mouse to "click" on the but
ton. Once "clicked," the button disappears, revealing the
graph component. Subjects study this component until
they are ready to uncover another component, whereupon
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they click on another button to uncover another portion
ofthe graph. Subjects thus progressively uncover the com
ponents of the graph until the entire graph is revealed
(see Figure 1). As subjects work through each task, the
computer is programmed to record the order in which
each graph component is uncovered; the length of time
that subjects spend studying each component; and each
subject's answer to a stimulus question (the program has
been designed to record both numerical and textual in
formation).

The seven components of a graph that are used in this
software were selected during initial experimental de
sign. At this stage, we asked subjects a question, the an
swer to which required them to study a graph. While they
were studying the graph, they were required to state what
parts of the graph they were looking at. This exercise re
vealed a general consensus among subjects that they
tended to view seven discrete components; title, data re
gion (or body), legend, x-axis, y-axis, x-axis label, and y
axis label.

Graphing Components is designed to guide subjects
through the entire program without human supervision.
This research tool has been published on the Web and is
available at http://www.edfac.unimelb.edu.au/DSME/
research!

This software gathers its data by constructing a string
that comprises text codes for each event associated with
each graph. For events for which time is to be recorded,
a call is made to the Windows API millisecond timer,
and the time is included in the string. Textual answers to
questions are filtered to ensure that there are no charac
ters in the subject's text responses that would upset the
process of translating this string into legal comma
delimited input. Such input is useful for importing into
data-handling software packages such as an Excel
spreadsheet or a statistical package. The string is written
to a file after each experimental subject has completed
the tasks within Graphing Components. These strings
accumulate in a file called results.dat.

VVindowsofOpportuniry
During initial experimental design, much considera

tion was given to deciding whether to write the software
to either progressively uncover the graph or restrict sub
jects' viewing to only one viewing "window" at a time,
thereby permitting subjects to view only one component
of the graph at any time. For the purposes ofthe investiga
tion reported here, it was decided that progressively un
covering a graph would allow the opportunity to gather
information about how long subjects spent studying the
graph. Hence, the program Graphics Components was
written to enable subjects to gradually uncover each
graph and to ultimately view graphs in their entirety. It
may be argued, however, that useful information would
also be gathered with a software tool that restricted sub
jects' viewing to a single graph component at any time. To
address this argument, a second software tool has been
designed, entitled Windows of Opportunity. It is similar
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Figure 1. A sequence showing a covered, progressively uncovered and fully uncovered graph.

to Graphics Components, except that subjects are able to
view only one component at a time. When each graph is
initially displayed, it is covered by seven buttons. When
a subject "clicks" on any button, the button disappears,
offering the subject a window ofopportunity to view a spe
cific component. When a subject has completed study of
the graph component, he/she clicks on the button cover
ing another component, whereupon this component is re
vealed and the previous component is re-covered. Win
dows of Opportunity has been published on the Web and
is also available at http://www.edfac.unimelb.edu.au/
DSMElresearch/

Experimental Stimuli
Two forms of stimuli were included within Graphing

Components: a series of questions and a matching series
of graphs. Each question was administered along with
the graph that contained the answer to the question. Sub
jects were instructed to answer each question by using
the information embedded within the accompanying
graph. All of the stimuli were displayed on a computer
monitor. The questions were displayed on the monitor
prior to the accompanying graph, and, when the graph
was displayed, the accompanying question was also dis
played beneath the graph to serve as a reminder to the sub
jects. Thus subjects were able to concentrate on reading
and interpreting the graph rather than having to concen
trate on memorizing the question.

The questions were phrased so that all seven compo
nents of the graph needed to be uncovered before sub
jects had sufficient information to answer each question.
And, once the graph was uncovered, the subjects were able
to record their answer to the question by clicking on a
button labeled "Ready to Answer," whereupon the graph
disappeared and a text box appeared on the monitor. The
disappearance of the graph from the monitor prior to the
subjects' being able to record their answers ensured that

the subjects completed their study of the graphs prior to
answering the questions (this was important because an
important part ofthis experiment involved calculating the
length of time that subjects spent in studying each graph).

To maximize consistency between graphs, all graphs
were identical in terms of size and comprised approxi
mately the same number of pieces of information (see
Figure 2). For example, the data region in each graph
contained 12 discrete pieces ofdata, two variables were en
coded within each graph, all graph legends contained in
formation pertaining to two variables, and so forth.

Prior to commencing the experimental portion of the
program, each subject was given a series ofthree practice
tasks identical to those within the experimental tasks.
The experimental portion consisted of six tasks. Because
bar charts, line charts, and scatterplots are the three most
frequently used graph formats (Lewandowsky & Spence,
1989), one third of the tasks contained graphs with each
of these formats. Because most graphs are typically
drawn in two dimensions, rather than three (Tall, 1992),
only two-dimensional graphs were used. To avoid any or
dering effects that might arise from the sequence with
which graphs were presented to subjects, the computer
was programmed to randomly select graphs for presen
tation to subjects. The computer was also programmed to
ensure that when a graph was selected, the matching
question relating to the graph was also selected.

Although the program was designed to operate inde
pendently of the need for human supervision, a research
assistant remained in the room while subjects worked
through the program. This was found to be desirable, be
cause the presence ofa research assistant during the pilot
ing ofthe experimental procedure increased the value that
subjects appeared to place on the completion of the tasks.

The program was designed to ask and record typical
demographic and background information from subjects
(e.g., age and gender). In an effort to determine the extent
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RESULTS AND DISCUSSION

Table 1
Number of Courses Subjects Reported Having

Taken in Statistics, Graphic Arts, and Visual Arts

of subject familiarity with graphs and subject familiarity
with visually presented stimuli (which may have an effect
on a subject's ability to read graphs), the program also
asked subjects to report their experience with graphi~g,

statistics, visual arts, and graphical arts on a four-point
Likert scale.

Component Viewing Order
The order in which subjects chose to view the seven

graphing components is summarized in Table 2. The first
column specifies the graph component. The sec.ond
through eighth columns record the number of o~castons
when each ofthe graph components was chosen first, sec
ond, third, fourth, fifth, sixth, or seventh. For example, the
223 in the first row of the second column indicates that
the title was selected first by subjects on 223 out of the
possible 342 occasions (6 experimental graphs X 57 sub
jects = 342 occasions), and the 126 in the seventh row of

the eighth column indicates that the legend was selected
last on 126 occasions. Chi-square analyses revealed that
graph components were selected in a statistically signif
icant order [X2(36, N= 342) = 48.86,p < .01].

Title. The title was viewed first during the majority of
trials. Subjects may have chosen this component of the
graph first because of a genuine desire to view the title
first in order to determine what the graph was "about," or
because of a force of habit established through years of
reading experience (whereby people start reading at the
top of a page), or both. It would be informative to repe~t

this experiment with subjects from cultures that tradi
tionally begin reading a page from the bottom rather t~an

the top. An alternative would be to change the location
of the title within a graph, yet this would change the
structure of the graph from that typically used by graph
publishers. .

Data region. The data region had a bimodal selection
pattern, tending to be selected first through second or s!xth
through seventh. This is indicative of subjects' possibly
seeking to either (1) view the data early in their study of
the graph in order to begin to analyze the graph in rela
tion to the information contained in each of the other
components, or (2) cognitively assimilate the other com
ponents of the graph before viewing the data.

Labels and axis. There was a tendency for the y-label
to be selected second through fourth, and for the y-axis,
second through fifth. Similarly, there was a tendency for
the x-axis to be selected third through sixth, and for the
x-label, fourth through seventh. Overall, these data suggest
that components relating to the y-axis tended to be viewed
before components relating to the x-axis. This may be re
lated to viewing habits obtained through the reading of
normal text, whereby readers tend to read a page from
left to right and from top to bottom.

Legend. The legend had a bimodal selection pattern,
tending to be selected second or last. Selection sec~nd

would seem to make sense for subjects who chose to vtew
the data region first, because the legend was closely
linked to the data. The legend was selected last on a high
proportion of trials, however, and this may be because
subjects typically thought the legend to be least important
or because of the location of the legend at the extreme
right edge of the graph.

A possible sequence. Although the findings reported
above are far from conclusive, it is possible to derive a gen
eral pattern from them, as can be seen in Figure 3.

A typical reader (if such a person exists) might view
the title first in order to determine the graph topic; move
on to the data region in order to view the major substance
of the graph (i.e., the data); then, once these substantive
and usually significant pieces of information had been
obtained and while they were being cognitively pro
cessed within working memory, might fall into reading
habits to view the remainder of the graph, working from
left to right and down to view the y-label, y-axis, x-axis,
and x-label. The legend might be viewed last, because,

3
1
I

Number of Courses

45
7
4

One Two Three or More

9
47
52

NoneSubject

Statistics
Graphic Arts
Visual Arts

Subjects ..'
The task was administered to 57 umversity students m

their 4th year of college-level study. Twenty-five were
male, and 32 were female. Their ages ranged from 20 to 35,
the median being 21. Eight percent ofthe students reported
"no experience" of reading graphs, 57 percent reporte~

"some experience," 23 percent reported "moderate expen
ence" and 17% reported "extensive experience." An es
timate of subject experience in other areas that might in
fluence subject ability to read and interpret graphs was
obtained by asking the subjects to report the number of
courses that they had taken in statistics, graphic arts, and
visual arts. These are reported in Table 1.

Table 2
General Tendency to Select Title First, the Data Region and

Legend Toward the Beginning of the Task or Toward the End,
and the Axes and Labels From Left to Right and Top to Bottom

Order of Selection

Component First Second Third Fourth Fifth Sixth Seventh

Title 223 16 14 13 19 12 45
Data region 86 76 31 14 19 58 58
y-Iabel 6 75 66 61 48 41 45
y-axis 9 57 84 86 52 49 5
x-axis 7 31 70 85 84 55 10
x-label 8 14 49 50 88 80 53
Legend 3 73 28 33 32 47 126
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Data Region Legend Title x-axis x-label y-axis

Note-SS = sum ofsquares.

Time SS df MS F p<

-265
-210
-475

460
250

-15

227
1,654t 1,427t
2,114t 1,887t
1,904t 1,677t
1,639t 1,4l2t

tp < .001.tp < .01.

Legend -1,168 t

Title -941*
485
946*
736
470

*p < .05.

Table 4
Results of Bonferroni Analyses Showing That Subjects

Spent Significantly More Time Initially Viewing the
Legend and Title Than the Data Region, and
Significantly Less Time Viewing the Axes and
Labels Than the Data Region, Title, or Legend

It seems reasonable to expect subjects to spend the most
time studying components that contain the most infor
mation and the least time studying components that con
tain the least information. This would explain the brief
viewing times associated with the x- and y-axes and la
bels (small differences between the viewing times for
these components can be explained by factors such as its
taking slightly longer for subjects to read the vertical y
label than to read the horizontal x-label). Hence, because
the title, legend, and data region contain much more in
formation than that found associated with the axes, sub
jects should spend more time viewing these components.
Indeed, the results show that subjects spend most time
viewing these components. However, given this rationale,
it would seem logical to expect subjects to spend the most
time viewing the data region, because this is the compo
nent containing the most information. Yet Table 4 shows
that subjects spent an average of941 msec less viewing the
data region than they did the title, and 1,168 msec less
viewing the data region than they did the legend. Dis
cussions with subjects following completion ofthe tasks
within Graphing Components revealed that many sub
jects tended to briefly glance at the data region to obtain
a mental picture of the major features and trends of the
data, with the intention to return to more careful study of
the data once the entire graph was revealed. This strategy
seems logical and was consistent with the expectations
of the authors. If subjects did indeed return their atten
tion back to the data region after the graph was entirely
exposed in order to study the data more closely in rela
tion to information contained in the rest of the graph,
there should have been a substantial time interval be
tween the moment at which the graph was entirely ex
posed and the moment at which a subject indicated hel
she was ready to answer the question. This is indeed what
happened, and subjects were found to spend a mean of

Between groups 1.65£+09 6 2.75£+08 13.464 .00
Within groups 6.27£+ 10 3,071 20,418,366

Total 6.44£+10 3,077

Table 3
Results of an ANOVA to Establish Any Differences in the
Times Students Spent Studying Each Graph Component

x-axis
x-label
y-axis
y-Iabel

Legend

for some yet to be determined reason, it might be cogni
tively best viewed last, or it might simply be cognitively
inefficient for the eyes to move entirely from the left por
tion of the graph after viewing the y-axis to the extreme
right ofthe graph to view the legend and then back to the
y-axis. Admittedly the preceding suggestions represent a
large step, given the evidence reported earlier; yet such
an analysis offers a tantalizing glimpse into the rationales
that determine how people read graphs. Certainly this is
an area worth further study.

Figure 3. A possible viewing route used by subjects as they read
a graph.

Time Spent Viewing Each Component
An analysis of variance (ANaYA) was used to estab

lish any differences among the lengths of time that sub
jects spent studying the seven graph components. The re
sults ofthe ANaYA are presented in Table3. Examination
of this table readily reveals statistically significant dif
ferences in the length of time that subjects spent in view
ing the graph components. To identify the precise source
ofthese differences, a series of post hoc Bonferroni analy
ses were conducted. The results are summarized in Table 4.
The times in Table 4, in milliseconds, represent the mean
differences in viewing time between graph components.
Significant differences are indicated by an asterisk.

A statistically significant difference was found between
the time that subjects spent viewing the graph title and
the time spent viewing all other components of the graph
except the legend. Similarly, a statistically significant
difference was found between the time that subjects
spent viewing the graph legend and the time spent view
ing all other components of the graph except the title.
Subjects spent significantly more time viewing the title
(4,375 msec) and legend (4,384 msec) than they did view
ing any other component. The time that subjects spent
viewing the data region (3,216 msec) was significantly
less than the time spent studying either the title or the
legend, yet it was significantly more than the time spent
studying the x-label. No statistically significant differences
were found between the lengths of the time that subjects
viewedthex-axis (2,730 msec),x-label (2,270 msec),y-axis
(2,480 msec), or y-label (2,745 msec).



28,615 msec studying the graph "as a whole" before in
dicating that they were ready to answer the question. It
seems reasonable to expect that a substantial portion of
this time was spent in studying the data region.

In the study reported here, the use of Graphing Com
ponents (which eventually permits subjects to view graphs
in their entirety), rather than Windows of Opportunity,
goes part way toward addressing issues relating to gestalt.
However, the fact that subjects were unable to view graphs
in their entirety throughout the tasks may remain an im
portant limitation of the present study. Indeed the issue of
gestalt is a valid concern for any study in which the visual
images available to subjects are restricted in any way.

CONCLUSION

The aim of this research was to increase our knowl
edge about how readers view the different components
that constitute a graph. The results have both practical
and theoretical implications. The practical implications
apply to graph authors, graphics designers, and those in
volved in the presentation of graphical displays. For ex
ample, graph authors should make the content and ap
pearance of graph titles eye-catching and appealing to
readers, because this is the component of a graph most
readers read first. If the content and/or appearance of a
graph title is catching, this would seem to maximize the
likelihood that a reader will read the title, and, ifthe reader
finds the content of the title appealing, this would seem
to maximize the likelihood that a reader skimming
through a publication will continue to read the remainder
of the graph and possibly any adjoining text. The theo
retical implications include knowledge of the order by
which readers study each component of a graph. This
provides insight into the cognitive strategies that readers
use to read graphs. Similarly, the time that readers spend
viewing each component provides cognitive psycholo
gists, and others interested in the way people read graphs,
with clues about the depth and possible nature of the
cognitive processing that readers use as they seek to in
terpret the enormous amount of data that are encoded
within the multitude of graphs produced and published
every day.
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