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Factorial research designs

Line graphs Bar graphs



Line graphs

Bar graphs

Configural display: lines integrate individual plotted points into single objects
leading people to encode the lines in terms of their slope and to interpret them as
representing continuous changes on an ordinal or interval scale.

• Line graph users typically used the legend variable as the primary focus of
their interpretation.

Separable display: each data point is represented by a single, separate bar.
Thus, people are more likely to encode bars in terms of their height and
interpret them as representing the separate values of nominal scale data.

• Bar graph users were more likely to use the x-axis variable as the primary 
focus of their interpretation.



The two graph formats 
produce significantly 
different patterns of 
comprehension, with 
users’ attention being 
attracted to different 
variables and regions 
of the graph.



EXPERIMENT 1

Compare students’ 
level of 

comprehension of 
simple bar and line 
interaction graphs. 

EXPERIMENT 2

Combine the 
features of bar and 
line graphs by the 
use of drop lines.

EXPERIMENT 3

Use the same color 
feature used for the 
legend variable to 
associate the plot 

points to the x-axis in 
the line graphs. 

How do graphical features affect students’ interpretation of bar and line graphs?  



Experiment 1

01
Participants
42 undergraduate psychology students,
randomly allocated to the experiment conditions.

Procedure
Participants were presented with a sequence of six
three-variable bar or line graphs and their task was to
try to understand each one as fully as possible while
thinking aloud.

Participants’ verbal protocols were recorded by the
computer’s digital audio recorder.

04

Design
Two between-subject variables: type of diagram used
(bar or line graph) and the allocation of IVs to the x-
axis and legend (labeled normal and reversed).

02

Materials
Computer-based experiment. Stimuli: 12 bar and 12
line three-variable interaction graphs depicting a wide
range of content. The content was identical for both
bar and line conditions.

03

Response coding
For each trial, the participant’s statements were
analyzed:
1) If a participant made a series of incorrect statements
that were not subsequently corrected, then the trial was
classified as an incorrect interpretation.
2) If the participant’s statements were all true of the
graph or if an incorrect interpretation was followed by a
correct one, then the trial was classified as a correct
interpretation.

05



Results

• Higher proportion of pre-
elementary users in the line 
graph condition: 62% vs 24% 
(p<.05);

• Participants’ categorization as 
pre-elementary was not
affected by their year of study 
or by whether they saw
normal or reversed graphs.

01
02

03

04

People make inferences beyond what is explicitly
stated in the graph by hypothesizing on the basis of
trends depicted in the graph (“read beyond the data”).

Advanced

People interpret the data more fully and, to a certain
extent at least, integrate the information together
(“read between the data”).

Intermediate

People focus primarily on extracting specific values
(“read the Data”).

Elementary

People are unable to interpret the graphs or
misinterpret the information presented in them.

Pre-elementary

N.B. Participants were classified as pre-elementary if they interpreted 50% or more trials incorrectly.



Nature of errors made in incorrectly interpreted trials:

Participants’ statements were not related to 
the information the graph was depicting.

Error due to the top-down influence of 
participants’ prior knowledge of the variables 

and their possible causal links.

The interpretation was incorrect either 
because the variables were related incorrectly 
or because the description was not consistent 

with the information in the graph

Participants simply described the effect of 
the legend variable and ignored the x-axis 

variable altogether.

Participants describe the effect of the x-axis 
variable but ignore the legend variable.

Ignoring the x
variable

Content-specific
errors

Ignoring the z 
variable

Miscellaneous 
single errors

Missed trials

“Response time for 
words is increasing, 
whereas for pictures, 
it is decreasing” 

“Response time for Task AA is 
increasing, whereas for Task 
AB, it is Decreasing”

“As temperature increases, 
so does stress, whereas 
cold doesn’t affect stress”

“Men do more exercise than 
women, and so their well 
being is higher”

“I’ve no idea what this graph 
is about. This is really hard”



• As in the case of the bar graphs, line graph users are able
to associate each line with a level of the legend variable by
shared color and the Gestalt principle of similarity;

• Unlike the bar graphs there is no equivalent perceptual
grouping process available in the line graphs to facilitate
the association between the points at the ends of the lines
and the variable values on the x-axis.



How this effect may be 
reduced?

Hypothesis: if a graphical feature having a similar
function as a bar were introduced to the line graph
reinforcing the connection between the line points
and the x variable values, novice users would be
less likely to ignore the x variable in their
interpretations.

Combined graph: dashed lines connect the plot
line end points to the x-axis; the new lines ends at
the same locations of the centers of the bar tops.

Participants: 40 undergraduate psychology
students.

Materials: The 12 line graphs used in Experiment
1 were modified to the combined form.

Design: Experiment 2 had the same design as
Experiment 1, with 10 participants being randomly
allocated to each of the four conditions.

Experiment 2



• The modification did produce a 20% reduction in pre-
elementary performance, with only 40% of combined graph
participants in this category (no significant difference).

• There were no significant differences between the line and
combined graph conditions about the proportion of erroneous
and missed trials.

• Participants were often surprised by the new design and
unsure (at least initially) as to how to interpret the drop lines.

Color is preattentively processed, which
means that attention is drawn early on
in the comprehension process.

The most common error participants made was to
ignore the x-axis variable, suggesting that any visual
anchoring to the x-axis provided by the drop lines was
not sufficient to balance the salience of the colored
lines from which they project.

Results



Experiment 3

New design that uses the same color
feature used for the legend variable to
associate the plot points to the x-axis.

Users can more easily associate the
data points with the value labels while
still being able to associate them with
the legend values via the colored lines.

Color-match graph



Method Results

The color-match graphs resulted in more
correctly interpreted trials than did the
normal line graphs (significant difference).

40 undergraduate psychology 
students.

Participants

The 12 line graphs used in Experiment 
1 and 2 were modified according to the 

new graph form.

Materials

Same design as Experiment 1 and 2, 
with 10 participants being randomly 

allocated to each of the four conditions.

Design



Conclusion

• Comparing performance on the four
graph types, it is clear that the color-
match graphs produce the lowest
number of errors of all;

• In the color-match graphs, differentiating
the plot lines from their data points by
color prevented participants from
perceiving the line as a single object and
made the individual data points more
visually salient;

• Placing the color patches above
the x-axis values balances the visual
dynamics of the graph by bringing
the Gestalt principle of similarity
into effect for the x-axis variable
as it does for the legend variable.


