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Attribute salience in graphical representations affects evaluation
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Abstract

By manipulating the scale in graphs, this study demonstrated a new evaluation bias caused by attribute salience in
graphical representations. That is, (de)compressing the graph axis scale changed the relative distance with respect to the
options of a given attribute and thus changed the salience of the information in graphical representations. Experiment
1 showed that the differences in the graphical representations had a significant impact on the evaluation. Experiment 2
repeated the scale manipulation effect in a different scenario and extended it to a multi-options context. Experiment 3
disentangled the effect of scale distance manipulation from the other variables (e.g., scale resolution and assignment of
attributes to axes) and further supported the finding of Experiment 1. These results indicated that attribute salience in
graphical representations clearly affects evaluations and that graphs can be manipulated to cause very different impres-
sions of the same data. This finding is not consistent with the axioms of normative economic theory. Experiment 3 also
tested the attribute importance hypothesis, but the evidence indicated that the participants did not regard the longer axis
as the more important attribute. Finally, we related our findings to the impact of visual processing on decision making
and discussed them from the perspective of two-system cognitive theory.
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1 Introduction

People often focus on a single, salient aspect of a prob-
lem and overlook the rest when making a decision. Such
a limited focus can cause a bias in the decision making
process and leads to results that violate the axioms of nor-
mative economic theory. Interestingly, incidental infor-
mation (e.g., the way that preferences are elicited and the
wording of the options) could in some cases determine
which information is perceived as salient, and thus what
people would focus on in decision making situations.
Evidence has indicated that the means of preference
elicitation (e.g., choose vs. reject) is likely to shift the fo-
cus of decision makers. In a hypothetical sole-custody
case, Shafir (1993) found that people who had the op-
tion to choose tended to focus on the parents’ positive at-
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tributes; whereas people who were asked to reject tended
to focus on the parents’ negative attributes. As a result,
a preference-reversal occurs when the same enriched op-
tion was the majority choice for both choosing and reject-
ing.

In line with this focusing view, Jones, Frisch, Yurak,
and Kim (1998) reported an interesting framing effect
caused by the description of the options. When the de-
cision was described as choice (e.g., Should I move to
New York or stay in Chicago?), people paid equal atten-
tion to each of the options. However, when the same de-
cision was described as opportunity (e.g., Should I move
to New York?), people focused their attention on the sin-
gle option that was explicitly mentioned. Thus preference
was changed when the opportunity description made the
single option more salient.

Levin (1987) and Levin and Gaeth (1988) evaluated the
associative effects of various ways of framing consumer
information and found that the consumers’ evaluations
were more favorable toward beef labeled “75% lean” than
to that labeled “25% fat”, because the information about
the lean percentage was salient in the former but not in
the latter. Kahneman and Tversky (1984) found that there
was a pseudo-certainty effect in a two-stage risky choice,
showing that individuals tended to neglect an earlier con-
tingency and only focus on the second (contingent) deci-
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Figure 1: The waiting time salient version of the scholarship problem.
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Figure 2: The money amount salient version of the schol-
arship problem.
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sion. Recently, Li, Su and Sun (2010) reported a simi-
lar pseudo-immediacy effect in a two-stage intertemporal
choice.

Interestingly, people also tend to make biased spatial
judgments as a result of focusing only on the most salient
aspects of spatial stimuli, ignoring other dimensions. For
example, Piaget (1968) found that children appeared to
use only the height of a container when making vol-
ume judgments and ignored the diameter of the cylinder.
Raghubir and Krishna (1999) even found similar results
with adults. Verge and Bogartz (1978) asked children to
adjust a square to match the area of a rectangle and found
that the majority of children tended to equate the side of
the square with either the width or the height of the rect-
angle and neglect the other relevant dimension. Similarly,
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Raghubir and Krishna (1996) found that people often use
the direct distance between the endpoints of a nonstraight
path as a proxy for distance judgment, with little regard
for the path configuration. In a recent study, this direct
distance bias was even able to be found in a real stock
market situation, in which the information was presented
using graphs. The stocks with the higher run lengths were
often perceived as riskier (Raghubir & Das, 2010).

Since people often focus on the most salient aspects
in spatial judgments and tend to be biased by the focus
of attention in choice, as reviewed above, we conjec-
tured that the focusing bias would also appear in deci-
sion making problems presented with graphs, if we ma-
nipulated the graphical representations of the options. In
order to appreciate the significance of this manipulation,
see the Scholarship problem in Figures 1 and 2, in which
the same information is provided in each figure, but the
salience of the information in the spatial (graphical) rep-
resentation differs as a function of the scale employed in
each of the graphs. That is, the waiting time attribute
appears to be relatively salient in Figure 1; whereas the
money amount attribute appears to be relatively salient in
Figure 2.

Imagine that, you applied for a scholarship. [Two
types of scholarships (A, B) were presented with graphs
involving two attributes (money amounts and waiting
time).] Obviously, you would be glad if you could get
a scholarship with less waiting time but more money. On
the basis of the following data, please indicate your pref-
erence strength on a 9-point scale ranging from I (not at
all) to 9 (extremely) for each type of scholarship.

We hypothesized that the evaluation of the two types
would be affected by the scale employed in the graphs,
since people tend to focus on the salient attribute. Specif-
ically, the preference strength for type A would be higher
in participants who saw Figure 1 than in those who saw
Figure 2, but the reverse would be true for type B. The
following Experiment 1 carried out this test of the scale
effect.
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2 Experiment 1

2.1 Method
2.1.1 Participants

The initial participant pool consisted of 195 undergradu-
ate student volunteers who were recruited by poster, and
all of whom provided oral consent. All participants were
given a small gift for their participation, but two incom-
plete questionnaires were excluded from the analysis.

2.1.2 Materials and procedure

The Scholarship problem, along with several other unre-
lated problems, was presented in questionnaire form in
two versions (i.e., a waiting time salient version and a
money amount salient version). The two versions were
identical, except that a different scale was employed in
the figures. That is, Figure 1 was used in the waiting time
salient version; whereas Figure 2 was used in the money
amount salient version. The participants, randomly as-
signed to one of the two versions, were asked to rate their
preference strength on a 9-point scale ranging from 1 (not
at all) to 9 (extremely) for each type of scholarship. In
the end, 99 participants responded to the waiting time
salient version; whereas the remaining 94 participants re-
sponded to the money amount salient version. Thus, this
is a 2 (scholarship type: type A vs. type B) x 2 (graph
version: the waiting time salient version vs. the money
amount salient version) mixed experimental design, with
the graph version as the between-subjects factor and the
scholarship type as the within-subjects factor. The de-
pendent variable was the preference strength for a schol-
arship.

2.1.3 Manipulation Check on Scale Framing

In order to check the effect of scale manipulation on spa-
tial perception, we removed the numbers and labels from
Figures 1 and 2. We presented an additional 19 partic-
ipants with these blank figures and asked them to rate
“the difference in the distance between A and B along
the X-axis/Y-axis” on a 9-point scale ranging from 1
(very small) to 9 (very large) for each figure. The results
showed that the rated score was higher for the X-axis (M
= 8.211) than for the Y-axis (M = 3.110) for Figure 1
(#(18) = 12.011, p < .001) whereas the rated score differ-
ence was not significant between the X-axis (M = 4.368)
and the Y-axis (M = 4.684) for Figure 2 (#(18) = -1.372,
p > .05). This result thus indicated that our scale manip-
ulation was effective with respect to spatial perception.
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2.2 Results and discussion

A 2x2 ANOVA on preference strength revealed that the
main effect was significant for scholarship type, F (1,
191) = 6.709, p < .05. More relevant to this study is
that the ANOVA also showed a significant interaction be-
tween scholarship type and graph version, F (1, 191) =
5.048, p < .05, indicating that the effect of scholarship
type on preference strength was influenced by the graph
version. In fact, type A (M = 6.889, N=99) was preferred
over type B (M =5.990, N=99) in the waiting time salient
version, ¢ (98) = 3.330, p < .01. However, the relative
preference of type A (M = 6.266, N=94) over type B (M
= 6.202, N=94) was non-significant in the money amount
salient version, 7 (93) = 0.251, p > .05.

As we predicted, these results indicated a stronger pref-
erence of type A over type B in Figure 1, compared to
Figure 2. Contrary to the principle of invariance, the re-
sult of our Experiment 1 indicated that simply compress-
ing the scale in a graph can yield systematic fluctuations
in the evaluation, even if the same information is pre-
sented.

3 Experiment 2

Experiment 1 confirmed that the participants’ evaluations
would be affected by the scale employed in graphs. How-
ever, perhaps the scale manipulation effect can be ob-
tained only in situations in which just two options are
made available. Indeed, only two options were presented
to participants in Experiment 1. Thus, whether the scale
manipulation effect can be extended to multi-options con-
ditions needs clarification. Evidence has demonstrated
that varying the number of options can shift the prefer-
ence in decision making (Jones, Frisch, Yurak & Kim,
1998; Tversy, Slovic, & Kahneman, 1990). The purpose
of Experiment 2 was to test the generalization of the scale
manipulation effect in a multi-options context.

3.1 Method
3.1.1 Participants

The initial participant pool consisted of 176 undergradu-
ate student volunteers who were recruited by poster, and
all of whom provided oral consent. All participants were
given a small gift for their participation, but two incom-
plete questionnaires were excluded from the analysis.

3.1.2 Materials and procedure

An employee evaluation scenario was presented to the
participants in Experiment 2. It read as follows:

Imagine that, as an executive of a company, you have
to select an employee from among four candidates. The
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Figure 3: The technical knowledge salient version of the employee problem.
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candidates were interviewed by a committee who scored
them on two attributes (technical knowledge and human
relations) on a scale from 100 (superb) to O (very weak).
Both attributes are important for the position in question.
On the basis of the following scores, how satisfied would
you be with each candidate?

Participants needed to rate the preference strength for
each of four candidates, rather than just two, on a 9-point
scale ranging from 1 (not at all) to 9 (extremely). To ma-
nipulate the attribute salience in the graphical represen-
tation, the scales varied between the two versions (i.e.,
a technical knowledge salient version and a human rela-
tions salient version). Figures 3 and 4 show the two ver-
sions.! The participants were randomly assigned to one

'For both versions, the values for candidates A, B, C, and D, respec-
tively, were 30, 50, 70, and 90 on Technical knowledge and 80, 60, 50,
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of the two versions. As aresult, 86 participants responded
to the technical knowledge salient version; whereas the
remaining 88 participants responded to the human rela-
tions salient version. Thus, this is a 4 (candidate) x 2
(graph version) mixed experimental design, with graph
version as the between-subjects factor and the candidate
as the within-subjects factor. The dependent variable was
the preference strength for a candidate.

4 Results and discussion

A 4x2 ANOVA on preference strength revealed that the
main effect was significant for candidate, F(3, 516) =
49.155, p < .01. More importantly, the ANOVA showed
a significant interaction between the candidate and graph
versions, F (3, 516) = 6.585, p < .01, indicating that the
effect of candidate type on preference strength was influ-
enced by the graph version. The mean scores for can-
didates A-D in the different graph versions are listed in
Table 1. Specifically, candidate A was evaluated more
positively in the human relations salient version than in
the technical knowledge salient version. However, the re-
verse was true for candidate D. For candidates B and C,
the mean differences were both non-significant between
the graph versions.

The results were basically consistent with our expec-
tations. In accordance with our prediction, a shift in the
graph version from a technical knowledge salient version
to a human relations salient version increased the eval-
uation score for candidates with an advantage in human
relations but a disadvantage in technical knowledge (e.g.,
candidate A); whereas such a shift decreased the evalu-
ation score for candidates with a disadvantage in human
relations but an advantage in technical knowledge (e.g.,
candidate D). As for candidates B and C, the rated score
differences were both non-significant between the graph
versions, a potential explanation is that since the candi-

and 20 on Human relations.
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Table 1: The mean scores (and standard deviations) for candidates A-D and the level of significance for the difference

between the graph versions.

Graph versions

Candidates Technical knowledge salient (N=86) Human relations salient (N= 88) Difference between versions
1. A 4.256 (1.770) 4.886 (1.841) t=-2.302,p<.05
2.B 5.977 (1.601) 5.614 (1.527) t=1.531,p> .05
3.C 6.454 (1.308) 6.659 (1.568) t=-938,p>.05
4.D 5.442 (1.926) 4.614 (1.938) t=2.827,p<.01

dates had similar scores on the two attributes, the partic-
ipants may not have perceived any distinct advantage in
one attribute over the other. Thus the graph shift would
have had little affect on the results.

In sum, Experiment 2 also found the scale manipula-
tion effect in a multi-options context. This finding thus
implies that the scale effect is both common and robust,
representing a rule rather than an exception in evaluation
behavior.

S Experiment 3

Experiments 1 and 2 demonstrated that the salience of
the spatial attribute in the graph representation impacted
the evaluation. However several potential problems need
consideration. First, our scale length manipulation might
have been confounded by scale resolution. For example,
in Experiment 1, waiting time was graphed using 15 tics
in Figure 1, but only 3 tic marks in Figure 2. Thus, de-
ciding whether our results were due to relative lengths or
scale resolution is not possible. Second, Experiments 1
and 2 did not counterbalance the assignment of attributes
to axes. In that case, some cognitive biases (e.g., the
horizontal-vertical illusion, Armstrong & Marks, 1997;
Attneave & Block, 1974; Gattis & Holyoak, 1996) could
potentially have affected the evaluation results. Third, ar-
guing that Figures 2 and 4 seem more unusual and less
“normal” than Figures 1 and 3 in terms of the relative
lengths of the X and Y axes seems reasonable. Accord-
ing to work on spatial perception (Krider, Raghubir &
Krishna, 2001; Raghubir & Greenleaf, 2006), the two
figures may be perceived differently and thus present an
additional, and potentially confounding, factor. In Exper-
iment 3, we attempted to disentangle these issues.

In addition, Experiments 1 and 2 yielded no informa-
tion about the underlying reason for the scale manipu-
lation effect. Jarvenpaa (1990) argued that the physical
extent of a graph’s axes may be used as a cue to the rel-
ative importance of those attributes in choosing a pref-
erence. This seems like a reasonable possibility for our
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case. That is, a participant might assume that the longer
axis represents the more important attribute, and thus he
or she would change the preference as a function of the
graphical feature. The other goal of Experiment 3 was to
investigate this hypothesis.

5.1 Method
5.1.1 Participants

The initial participant pool consisted of 214 undergradu-
ate student volunteers who were recruited by poster, and
all of whom provided oral consent. All participants were
given a small gift for their participation, but three incom-
plete questionnaires were excluded from the analysis.

5.1.2 Materials and procedure

The Scholarship problem scenario employed by Experi-
ment 1 was presented to participants. But Figures 1 and
2 were replaced by Figures 5 and 6, which now can be
viewed and read as follows:

Please note that, in Figures 5 and 6, the scale resolu-
tion was kept constant while we manipulated the relative
length perception salience of the attributes between the
graph versions. Specifically, we graphed the attributes
using 9 tic marks in both Figures 5 and 6. Any evalua-
tion difference between the two graph versions thus can-
not be attributed to the scale resolution. In addition, to
eliminate the potential effect caused by the horizontal-
vertical illusion, we counterbalanced the assignment of
attributes to the axes. As a result, for the participants
who were assigned to the waiting time salient version,
about half of them saw the waiting time attribute on the
X axis; whereas the other half saw this attribute on the
Y axis. The same was true for the participants who were
assigned to the money amount salient version.

The participants, who were randomly assigned to one
of the two versions, were asked to rate the preference
strength on a 9-point scale ranging from 1 (not at all) to 9
(extremely) for each type of scholarship. In the end, 104
participants responded to the waiting time salient version,
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Figure 5: The adjusted waiting time salient version for the scholarship problem in Experiment 3
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and the other 107 participants responded to the money
amount salient version. Thus, this is a 2 (scholarship
type: type A vs. type B) x 2 (graph version: the waiting
time salient version vs. the money amount salient ver-
sion) mixed experimental design, with the graph version
as the between-subjects factor and the scholarship type
as the within-subjects factor. The dependent variable was
the preference strength for a scholarship.

After rating the preference strength for the scholarship,
each participant indicated the relative importance of the
two attributes on a 9-point scale ranging from 10 (time
is more important than money) to 90 (money is more im-
portant than time), and the relative normality of the way
the figure was shown on a 9-point scale ranging from
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10 (very abnormal) to 90 (very normal). We used 10/90
rather than 1/9 on the scale to avoid the possibility that
students would simply copy their previous operation.

5.2 Results and discussion

A 2x2 ANOVA on preference strength revealed that the
main effect was significant for scholarship type, F(1, 209)
= 17.744, p < .01. As we predicted, the ANOVA also
showed a significant interaction between scholarship type
and graph version, F(1, 209) = 4.482, p < .05, indicating
that the effect of scholarship type on preference strength
was influenced by the graph version. Specifically, type
B (M = 6.925, N=107) was preferred over type A (M
= 5.851, N=107) in the money amount salient version,
1(106) = -4.105, p < .01. However, the relative prefer-
ence of type B (M = 6.529, N=104) over type A (M =
6.173, N=104) was non-significant in the waiting time
salient version, #(103) = -1.657, p > .05. These results
were consistent with our Experiment 1 and thus ruled out
the possibility that scale resolution caused the preference
difference between the figures. Differences in the assign-
ment of attributes to the two axes did not cause preference
difference either for type A (#(102) = -0.795, p > .05) or
for type B (#(102) = -0.789, p > .05) in the waiting time
salient version; the same was true in the money amount
salient version (for type A, #(105) = 0.112, p > .05; for
type B, #(105) =-0.103, p > .05).

The results turned out to be inconsistent with our ex-
pectations in that they were not friendly to the attribute
importance hypothesis. In our case, a higher relative im-
portance score meant that the money attribute was re-
garded as more important than the time attribute. Accord-
ing to the importance hypothesis, the relative importance
score should be higher in the money amount salient ver-
sion than in the waiting time salient version. However
the difference in the rated importance score between the
waiting time salient version (M=68.558, N=104) and the
money amount salient version (M=64.579, N=107) was
not significant, #(209) = 1.522, p > .05.
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To determine the normality of the figure equivalence
between the two figure types (i.e., longer X axis vs.
longer Y axis), we carried out a t-test. The result was
that no significant difference was found between the par-
ticipants who responded to the longer X axis figure (M =
45.048, N=105) and those who responded to the longer
Y axis figure (M = 48.679, N=106), t(209) = -1.126, p
> .05. This result thus showed that our two figure types
were equally normal to our participants.

6 General discussion

Preferences are often influenced by the description of
the options (Tversky & Kahneman, 1981), the method
of preference elicitation (Lichtenstein, & Slovic, 1971;
Hsee, 1996; Shafir, 1993), and the choice context (Kah-
neman, Fredrickson, Schreiber, & Redelmeier, 1993;
Berger, Meredith, & Wheeler, 2008; McCormick &
McElroy, 2009). The present study also demonstrated
a violation of descriptive invariance by manipulating the
spatial representation of the options. Specifically, the rel-
ative graphical distance along an axis of the options of a
given attribute was changed, causing the apparent salient
aspect of the information to differ in its spatial represen-
tation as a function of the scale employed. The results
of our Experiment 1 showed that scale manipulation had
a significant impact on the evaluation. Experiment 2 re-
peated the scale manipulation effect in a different sce-
nario and extended it to a multi-options context. By dis-
entangling the effect of scale distance manipulation from
the other variables (e.g., scale resolution and assignment
of attributes to axes), Experiment 3 further supported the
finding that the relative distance between options could
affect the preference. While the proverb tells us that a pic-
ture can be worth a thousand words, our results showed
that graphs may be manipulated to cause very different
impressions of the same data.

The problem that remained after the first two experi-
ments was why attribute salience in graphical representa-
tions induces evaluation bias. In Experiment 3, we inves-
tigated the importance hypothesis, but our evidence did
not indicate that the participants regarded the longer axis
as the more important attribute. Consequently, attribute
importance could not be responsible for the preference
difference between the graph versions. Perhaps our find-
ing can be understood by analyzing the impact of visual
processing on decision making. Researchers generally
accept that visual processing takes place in two succes-
sive stages and is influenced by both sensory input and
cognitive knowledge (Hoffman, 1978). The first stage,
driven by sensory features (e.g., color, size), is thought
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to be automatic and preattentive. Thus the processing in
the first stage can not be captured consciously. In the
second stage, the information is affected by prior cog-
nitive knowledge, enters the consciousness, and is ac-
quired. Hoffman (1978) argued that the physical salience
of items in the visual field is a critical variable deter-
mining which items are attended to and acquired during
the second stage. In our case, the participants’ attention
seems to have been attracted by the attribute with more
salient physical feature (e.g., the longer distance between
options) in the visual field, and the other attribute tended
to be relatively ignored in the subsequent evaluation. In-
deed, Tversky, Sattath and Slovic (1998) reported that
individuals tend to concentrate on the most prominent
attribute of two alternatives in choice situations. Note,
however, that the impact of the physical feature on visual
processing does not enter the consciousness, according to
Hoffman. Thus, when the participants were asked to rate
the attribute importance in an explicit way in our Exper-
iment 3, no significant difference appeared between the
two graph versions.

This inference is also consistent with current two-
system theories. Researchers in judgment and decision
making have advocated that human behavior reflects the
operation of two distinct cognitive systems: a heuristic
system and a controlled analytic system (Kahneman &
Frederick, 2002; Stanovich & West, 2000). The heuris-
tic system is a relatively effortless system that relies on
intuitive perception; the analytic system is a slower, ef-
fortful, rule-based one. These two systems interact in a
complex manner and appear to be competing to control
behavior. From this two system perspective, although the
analytic system should be insensitive to the physical fea-
tures in a figure, the attribute salience in graphical rep-
resentations would be related to intuitive perception and
thus would affect the heuristic system. The heuristic sys-
tem is the one that contributes to the differences in prefer-
ences between graph versions in our study. Interestingly,
the two-system theory also held that natural assessments
(e.g., size, distance) are unconsciously and automatically
registered by the heuristic system. Researchers in this
field can, therefore, hope that taking the two systems the-
ory into account in future research will further our un-
derstanding of how manipulating scale influences evalu-
ations in a graphical context. They could test whether
the scale manipulation effect observed in this study will
vary as a function of the operation of the two systems.
For example, will the effect disappear when inhibiting
the heuristic system or when strengthening the analytic
system?

In addition, the selection of scale in graphs often seems
to be regarded as unimportant when presenting informa-
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tion in real life. However, this is not wise, as our research
shows that people’s preferences can be constructed rather
than revealed in a graphical context. Thus a practical im-
plication of this study will be to carefully consider the
implications of the application of scale (de)compression
in businesses such as advertising, financial reporting, in-
vestment programs, market analysis and sales.
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