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SESSIOn OVERVIEW
Numerical stimuli in marketing are ubiquitous. For example, 

they are used by companies to communicate the performance of 
products or information about product attributes, they facilitate the 
interpretation of rating scale anchors, and they are used by consum-
ers to monitor goal progress. Examining how consumers extract 
meaning from numbers is therefore crucial to understanding con-
sumer decision making. This symposium consists of four papers that 
interconnect at different levels. Together, they provide new perspec-
tives on numerical cognition and, more generally, the psychology of 
consumer decisions.

The first paper, by Peters and Meilleur, shows that numeri-
cal information drives early attention and subsequent choices. They 
argue that low Arab numerals are associated with a focus of visual 
attention to the left and that high Arab numerals are associated with a 
focus of visual attention to the right. Presenting a low (1) versus high 
(9) digit between two decision options also impacts choice in line 
with the authors’ selective attention account. 

The second paper, by de Langhe and Puntoni, draws attention 
to a factor contributing to consumers’ willingness to pay for techno-
logical progress. The performance of many technologies is expressed 
in terms of speed (e.g., Internet bandwidth). Four studies show that 
consumers misunderstand the relationship between increases in 
speed and time savings. They hold the belief that the same increment 
in speed provides the same time saving regardless of whether the 
initial speed is low or high, even though time savings become in fact 
smaller as speed increases. The studies also show how to reduce this 
bias by drawing attention to time (e.g., via experience or by restruc-
turing numerical information).

The third paper, by burson and Larrick, examines how per-
ceptions of magnitude affect conclusions about attribute importance 
that are inferred from conjoint studies. By multiplying a ratio scale 
by an arbitrary factor, numerical scales that are used to describe 
product attributes can be contracted (e.g., 1-10) or expanded (e.g., 
1-100). The relative importance of attributes inferred from conjoint 

studies is greater when the scale is expanded, but decreasingly so 
because of decreasing sensitivity.

The fourth paper, by davis, bagchi, and Lee, investigates how 
the order of presentation of effort and reward information affects 
goal pursuit and examines the role of numerosity in this effect. In 
three studies, they manipulate the numerosity of the metric used to 
express the amount of effort required to meet a goal and found that in 
the presence of large number (connoting high effort requirements), 
presenting the rewards before the effort reduces effort salience and 
energizes consumers. 

Because of the fundamental importance of numerical cognition 
for understanding consumer psychology, we expect this special ses-
sion to be of interest to a wide audience. The session will appeal to 
researchers on topics as diverse as (1) motivation and goal achieve-
ment, (2) marketing research, scaling, and conjoint analysis, (3) at-
tention, (4) decision making, and (5) innovation. Data collection in 
all papers is complete and the session features a total of 13 studies 
using a variety of paradigms and methods (e.g., choice, conjoint, 
priming). All participants have agreed to present, should the session 
be accepted. The chair will facilitate audience discussion drawing 
further connections between the new perspectives introduced in this 
session and other areas of consumer research. 

In sum, we believe that this proposal fits both the spirit of 
ACR special sessions and the theme of the conference—appreciat-
ing diversity. In addition to the diversity of approaches to numerical 
cognition that the papers exemplify, the session also brings together 
researchers from different areas of research, including marketing, 
management and psychology. The participation of Ellen Peters, a 
leading psychologist and numeracy researcher, is especially note-
worthy.

numerical Cognition and a Mere-Looking Effect in 
Multi-Attribute Choice

ExtEndEd AbStRACt
Selective attention has been a long-standing theme in decision 

research (Einhorn & Hogarth, 1981; Weber & Johnson, 2009), but 
studies have not manipulated early attention in complex, multi-attri-
bute decisions outside of awareness and independent of participant 
goals. In the present paper, we take advantage of symbols learned in 
early childhood – integers from 1 to 9 – that are not obviously direc-
tional but have been shown to have a left-to-right spatial orientation 
that can subtly shift attention (Dehaene, Bossini, & Giraux, 1993; 
Fischer, Castel, Dodd, & Pratt, 2003).

In four studies, we used these incidental attentional shifts to test 
their influence on high-level cognitive processes involved in multi-
attribute binary choices. Of course, just because individuals look in 
the direction of information does not mean that they process or use 
it in decisions. However, some evidence exists for a disproportionate 
influence of early information on decisions (Weber & Johnson, 2009; 
DeKay et al., 2009; Russo et al., 2006). Thus, we hypothesized that 
presentation of an incidental small or large Arabic digit (physically 
located between two choice options) would shift visual attention to 
the left and right options, respectively, and information attended ear-
lier would disproportionately influence information processing and 
choice – a mere-looking effect. 
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Results of the present four studies provided converging evi-
dence, across diverse decision paradigms, to support the causal role 
of covert and overt shifts of attention in influencing the processing 
and valuation of decision options. In Study 1, the attention shift cre-
ated by implicit cues – a “1” or “9” – located between two real choice 
options produced preference reversals. Faced with a simple choice 
between two identical erasers, “1” participants were more likely than 
“9” participants to choose the left-side eraser (65.2% and 33.3%, 
respectively; χ2(df=1)=4.5, p=0.03, φ=.32). Study 1 provided evi-
dence that the presentation of Arabic integers activated magnitude 
and shifted early attention to information that influenced choice. The 
effect occurred despite spatial attention being driven exogenously, 
from a normatively irrelevant and incidental source.

In Study 2, participants chose between two hypothetical vaca-
tion spots – one with average attributes; the other with both posi-
tive and negative attributes (materials adapted from Shafir et al., 
1993). In a 2x2 between-subjects design, participants were shown 
either a large “1” or “9” in the middle column, with enriched Spot 
B’s positive or negative attributes on top. When the enriched op-
tion was attended early, top-to-bottom attribute order significantly 
influenced choices; when the average option was attended early, the 
top-to-bottom order of attributes for the enriched option had little 
influence (interaction: Wald χ2(df=1)=9.1, p=0.003, f=.22). In par-
ticular, when attention was directed left (“1”), B’s attribute order did 
not influence choice; 60% versus 62% of participants chose Spot A 
when B’s negative versus positive attributes, respectively, were on 
top. However, among “9” participants (attention directed rightward), 
significantly more participants chose left-side Spot A when B’s nega-
tive attributes were on top (85%) than when its positive attributes 
were (47%). Mere looking did not produce simple liking of whatever 
is looked at first; instead, it biased choices based on processing the 
first-attended information.

Studies 1 and 2 provided initial evidence that the spatial orien-
tation of the mental number line can orient attention and alter choices 
when no real difference exists between options (Study 1) or when 
the choice is hypothetical (Study 2). Study 3 provided evidence that 
“mere looking” at information matters in choices among consumer 
goods, specifically when choosing between a decision of the head 
and a decision of the heart. In this case, participants chose between 
two snacks – one that tasted better and another that was healthier. 
Such choices involve a tradeoff between perceived taste and healthi-
ness; how individuals process these tradeoffs is unclear, however. 
Previous studies have indicated that decreasing available cognitive 
capacity can increase choices of the less healthy option (Shiv & 
Fedorikhin, 1998). In the present Study 3, cognitive capacity was 
not altered; instead, attention was simply directed first at one option 
or the other. Participants chose between Regular and Baked Lays 
(counterbalancing their left/right order) with “1”, “9”, or nothing be-
tween them. When nothing was in between the snacks, 69% and 19% 
of participants, respectively, chose Baked Lays, respectively, when 
it was on the left or the right. This result is congruent with previous 
eye-tracking results indicating that about 75% of participants in a bi-
nary choice look at the option on the left first (Krajbich et al., 2010). 
With Baked Lays on the left and using the attention manipulation, 
participants were more likely to choose them in the “1” condition 
compared to the “9” condition (60% and 31%, respectively, chose 
Baked Lays). With Baked Lays on the right, the effect reversed, with 
participants significantly less likely to choose them in the “1” than 
the “9” condition (47% and 75%, respectively, chose Baked Lays).

Finally, in Study 4, choices between 41 food pairs that varied 
in perceived healthiness and tastiness were made with “1”, “9”, or 
“5” between options in each pair. Our prior choice effects were rep-

licated.  Preliminary analysis of eye tracking data supported the hy-
pothesized information-processing mechanisms.

That the attentional effects of conventional, overlearned sym-
bols can guide attention and influence choices suggests a strong link 
between visual attention and choice. Broader implications of this and 
other research also further highlight the constructive nature of choice 
(Lichtenstein & Slovic, 2006; Payne, Bettman, & Schkade, 1999), 
and, importantly, point towards some of the subtle influences that 
marketers and other information providers can exert on choices.

need for Speed?

ExtEndEd AbStRACt
Technology often advances by increasing the speed of specific 

processes and, consequently, by reducing the time required to per-
form a particular task. Marketers tend to express the performance of 
time-saving technologies in terms of their speed. For example, the 
performance of computers’ CPU is expressed in megahertz (MHz 
= cycles per second), Internet bandwidth is expressed in megabits 
per second (Mbps), the performance of printing technologies is ex-
pressed in pages per minute (ppm), and the performance of kitchen 
robots is expressed in rotations per second (rps). Increases in speed 
result in time savings. The speed of a product is thus a diagnostic fea-
ture allowing consumers to assess the benefit they receive in terms 
of time saved. 

Marketing theory suggests that, to maximize sales, in their 
communication to consumers marketers should focus on benefits as 
opposed to features. This suggests that marketers’ focus on speed 
may negatively affect consumers’ willingness to pay for technologi-
cal progress. Our research shows that, in fact, consumers are willing 
to pay more for time-saving technologies when marketers highlight 
speed rather than time. This result occurs because consumers misun-
derstand the relationship between speed increases and time savings. 
They think this relationship is linear (i.e., an increase in speed has 
the same effect on time saved regardless of whether speed is low or 
speed is high), while in fact the relationship between speed and time 
is nonlinear (i.e., an increase in speed has a larger effect on time 
saved when speed is low than when speed is high). 

In a first study, participants indicated how much they were will-
ing to pay for 5 data transfer speeds (1MBps; 2 MBps; 3 MBps; 4 
MBps; 5 MBps). Before indicating their willingness to pay, about 
half of participants were given the opportunity to actually experi-
ence how long it takes to download a 30 MB file with each transfer 
speed. For participants without actual experience, willingness to pay 
was linearly related to increases in data transfer speed. For partici-
pants with actual experience, willingness to pay was linearly related 
to time savings.

In a second study, participants rank-ordered five increases in 
printer speed (ppm) in terms of time saved (A: 15 ppm to 30 ppm; 
B: 5 ppm to 15 ppm; C: 18 ppm to 26 ppm; D: 12 ppm to 17 ppm; 
E: 7 ppm to 10 ppm). Participants’ rank-order reflected increases in 
speed (A > B > C > D > E). That is, participants believed that larger 
increases in terms of ppm also result in larger time savings, while 
the correct ordering in terms of time saved should have been: B > E 
> A > D > C. 

In a third study, participants were asked to choose between four 
kitchen robots that differed in terms of speed and price (A: 2.50 rps 
for $200; B: 3.33 rps for $250; C: 4.17 rps for $300; D: 5 rps for 
$350). For half of participants, we also highlighted the performance 
of the kitchen robots in terms of time savings. These participants 
were also presented with the performance of each kitchen robot in 
terms of seconds per rotation (A: 0.4 spr; B: 0.3 spr; C: 0.24 spr; D: 
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0.2spr). Participants receiving restructured numerical information in 
terms of seconds per rotation were more likely to choose a less ex-
pensive kitchen robot. While rotations per second highlights speed, 
seconds per rotations facilitates mental calculations regarding time 
saved.

To extend our findings to a setting where “slower is better”, we 
also examined a situation where consumers pay a certain amount of 
money for a service per unit of time. In the context of mobile phone 
plans, for instance, consumers pay a specific rate where a lower cost 
per unit of time (i.e., a slower outflow of money) is preferred over 
a higher cost per unit of time (i.e., a faster outflow of money). In a 
fourth study, participants were asked to imagine they were willing 
to spend $50 per month on their mobile phone plan. We told par-
ticipants that their current provider considered increasing their rate. 
Participants were asked how likely they were to switch to another 
provider if their current provider decided (a) to increase their rate 
from $0.10 to $0.15 per minute and (b) to increase their rate from 
$0.20 to $0.30 per minute. If participants accurately assess how the 
rate increase affects the number of minutes they can call for $50 per 
month, they should be more likely to switch when their rate increases 
from $0.10 to $0.15 (i.e., a loss of 167 minutes) than when their rate 
increases from $0.20 to $0.30 (i.e., a loss 83 minutes). However, 
participants indicated they would be more likely to switch when their 
rate increased from $0.20 to $0.30, again reflecting the erroneous 
mapping of speed on time.

In sum, companies’ focus on communicating speed when pro-
moting time-saving technological improvements of existing prod-
ucts leads consumers to overvalue technological progress. We will 
discuss the importance of our findings for marketers, but also for 
public policy makers.

tipping the Scale: discriminability Effects in 
Measurement

ExtEndEd AbStRACt
In Ireland, a District Court judge reduced the speeding charge 

of a driver who had been clocked going 180 kilometers per hour in a 
100 kilometer per hour zone. Looking at this decision, an outside ob-
server might conclude that the court believed the driver’s speed was 
less important in the decision than, say, his previous driving record. 
However, the judge’s explanation for the decision was that the speed 
did not look “as bad” when converted into 112 miles per hour in a 62 
mile per hour zone (Associated Press, 2007). Objectively, speeding 
by 80 kph is still violating the law by the same proportion as speed-
ing by 50 mph and thus warrants the same penalty. Any scale with 
ratio properties can be converted from one scale to another (without 
changing the information provided by the scale) by multiplying the 
original values by some constant factor. However, this trivial trans-
formation is psychologically consequential, as is clear in this exam-
ple: The expanded scale highlights the difference between the speed 
limit and the driver’s speed, making that difference seem large. In 
contrast, the contracted scale minimizes the difference (Pandelaere, 
Briers, & Lembregts, 2011). 

There are decades of research on how people perceive and 
interpret numerical attributes in psychology and in marketing. In 
summarizing these traditions, Mellers and Cooke (1994) propose a 
three-stage sequence by which a perceiver evaluates a multi-attribute 
object. First, there is a perceptual stage in which specific attribute 
levels are translated into internal representations. Then, there is a 
weighting stage in which different internal representations of at-
tributes are combined into an overall judgment. Finally, there is a 
response stage in which an overall judgment is expressed as a judg-

ment or choice. Market researchers attempting to understand con-
sumer behavior often try to back attribute weighting (the second 
stage) out of observed preferences or choices (the final stage). For 
example, conjoint researchers infer participants’ attribute impor-
tance from their responses. We argue that, like an outside observer 
of the Irish court decision, conjoint researchers may inappropriately 
attribute observed choices to attribute importance when what is actu-
ally guiding choice is the internal representation of the difference in 
products.

To test this hypothesis, we expand and contract attribute scales 
in a conjoint design and observe the impact on choice and inferred 
attribute importance. We propose that these manipulations directly 
influence internal representations because people focus on the attri-
bute value and neglect the attribute’s scale magnitude—alternatives 
seem more different on that expanded attribute and are encoded as 
such. This leads to shifts in choice, and thus in attribute importance 
inferred using the usual conjoint method. We go on to verify that 
the actual importance of attributes to participants is not influenced 
by scale expansion, only the internal representation. In addition, we 
show that because of diminishing sensitivity to scale expansion, ex-
treme scale expansion does not continue to influence that internal 
representation.

Specifically, in each of two studies, we find that participants’ 
choices closely track the expanded attribute in the conjoint design, 
replicating past research (Burson, Larrick, & Lynch, 2009). Because 
conjoint analysis determines the relative importance of a particular 
attribute by observing its impact on choices relative to the impact of 
other attributes, the natural conclusion of a market researcher exam-
ining one of our conditions in isolation would be that the attribute 
using an expanded scale is a very important attribute to consumers. 
Critically, however, our experiments show that this cannot be the 
case because that importance seems to vary from condition to condi-
tion. For example, in Study 1 one attribute appeared to be the most 
important attribute in choice when it was presented on an expanded 
scale (54%), but appeared to become less and less influential when 
it was contracted (44%). A similar pattern was revealed in Study 2 
(relative importance of expanded conditions = 62% vs. contracted 
condition = 46%). These results are a statistical artifact. Just as the 
Irish judge in our opening example did not suddenly discount the 
importance of speeding in his penalty decision, participants in our 
studies are not revising the importance of product attributes. Rather, 
attribute expansion directly influences internal representations of 
products—exaggerating differences in products—but importance of 
an expanded attribute is no greater than that of a contracted attribute. 

We confirm that relative importance is a statistical artifact 
by examining the rated importance of each feature. There was no 
change in these ratings in response to scale expansion. Furthermore, 
scale expansion was found to impact mental representations of the 
alternatives: Participants believed that an attribute had larger differ-
ences in the expanded conditions. 

These findings have important implications for market research-
ers as our studies show that attributes represented on expanded at-
tributes only appear to have inflated importance in consumer choice. 
The interpretation of a conjoint analysis will be sensitive to attribute 
expansion, thus marketers should take care when they choose how 
to infer preferences or how to describe their products. Furthermore, 
Study 2 also reveals that, due to diminishing marginal utility, scale 
expansion has its limits: Expanding an attribute from a 100 point to 
a 1000 point scale did not increase preference for the product that 
performed well on that attribute, nor the inferred importance of the 
attribute. Therefore, market researchers should also recognize the 
boundaries of scale effects. 
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When to Put the Cart in Front of the Horse:  
How Presentation Order of Goal Reward and Effort 

Information Affects Goal Pursuit

ExtEndEd AbStRACt
Why do consumers often fail to begin working towards a ben-

eficial goal? One possibility may be that while effort has to be invest-
ed immediately, the benefits occur later. Thus, effort may be more 
salient at the outset and may overweigh perceptions of the benefits 
to be accrued from the outcome later. How can effort perceptions 
(effort salience) be altered to initiate action and/or goal-pursuit? We 
suggest that changing the presentation order of goal outcome and 
effort may influence how salient the effort is and may affect goal-
pursuit.

Most research has focused on how motivation to pursue goals 
can be increased as the reward gets proximal. For instance, animals 
and humans have been shown to move faster when approaching a 
reward (Hull 1932; Kivetz, Urminsky, and Zheng 2006). Endowing 
consumers with progress at the outset can also increase accelera-
tion (Nunes and Dreze 2006). However, it is not always possible to 
endow progress (e.g., when preparing for an exam, it is not possible 
to tell students that they have already reviewed a few chapters). We 
show one way in which consumers can be motivated to pursue goals 
at the initial stages of goal-pursuit. 

We argue that when the effort involved in attaining a goal is 
perceived to be large (e.g. expressed via high numerosity; To get 
an “A” review 300 pages), presenting the reward first (To get an 
“A”) followed by effort (review 300 pages) reduces effort salience 
relative to when effort is presented first followed by reward (Review 
300 pages to get an “A”) and has beneficial effects on goal-pursuit. 
This effect of information presentation order on effort is attenuated 
when smaller numerosities are used to express effort (To get an “A” 
review 10 (30 page) chapters). We demonstrate this effect in three 
studies. In study 1 we show the basic effect. In study 2, we show 
that this effect only occurs when the outcome is far (and thus effort 
required is large) and provide process support. Finally, in study 3, we 
prime focus (outcome vs. process), and show that the order effects 
persist when focus is on outcomes (vs. process), and show medita-
tional support. 

Study 1: Reviewing Course Materials for a Grade
We used the scenario described above. We told undergraduates 

the requirements to get an “A” in a class and manipulated presen-
tation order and numerosity, as described above. Thus, we used a 
2 Order (reward-effort vs. effort-reward) x 2 Numerosity (high vs. 
low) full factorial between-subjects design. Participants indicated 
the likelihood of pursuing an “A”, effort perceptions, and the likeli-
hood of recommending this class to friends. An ANOVA revealed the 
predicted order x numerosity interaction (F (1, 96) = 4.01, p < .05) 
for pursuit likelihood. Participants were more likely to pursue an “A” 
when reward was presented first in the high numerosity condition 
(M reward-effort = 5.71 vs. M effort-reward = 4.64; p < .02), but no difference 
emerged when numerosity was lower (M reward-effort = 6.19 vs. M effort-

reward = 6.25; p > .85). Similar patterns emerged for perceptions of 
effort (interaction: F (1, 96) = 4.31, p < .05) and recommendation 
likelihood (interaction: F (1, 96) = 5.33, p < .05). 

Study 2: Pursuing a Loyalty Reward
Participants learned that they could earn a reward upon accru-

ing a certain number of points (effort). We manipulated presentation 
order by stating the reward first or the effort first. In the high (low) 
numerosity condition, 1,000 (100) points were needed. However, the 
step-sizes were also higher (10 vs. 1 point(s) per dollar). Therefore, 
the amount needed to earn the reward was constant ($100). Partici-
pants were either close to or far away from the reward. We thus used 
a 2 Order (reward-effort vs. effort-reward) x 2 Numerosity (high vs. 
low) x 2 Reward Distance (far vs. near) design.  

Analysis revealed three-way interactions with consistent pat-
terns of means across a range of dependent variables; program attrac-
tiveness (F(1,335) =  4.72, p < .04), likelihood of earning the reward 
(F(1,335) = 5.38, p < .03), satisfaction (F(1,335) = 2.78, p < .10), 
positive store perceptions (F(1,335) = 3.03, p < .09), recommenda-
tion likelihood F(1,335) = 4.55, p < .04), store loyalty (F(1,335) = 
6.76, p < .009). Presenting reward first had a positive effect on the 
aforementioned variables relative to presenting the effort first when 
numerosity was high and the reward was far. Order effects did not 
emerge in other conditions. We also found that progress perceptions 
mediated the three-way interactions reported above.  

Study 3: Priming Focus on Outcome or Process
Study 3 used a scenario similar to that used in study 2. We only 

used the far conditions and primed participants to focus on the out-
come of achievement or on the process involved in achievement. 
We used a 2 Order (reward-effort vs. effort-reward) x 2 Focus (out-
come vs. process) between-subjects design. Analysis revealed two-
way interactions for program attractiveness (F(1,152) =  5.64, p < 
.02), satisfaction (F(1,152) = 6.44, p < .02), positive store percep-
tions (F(1,152) = 4.78, p < .04), and loyalty (F(1,152) = 3.41, p < 
0.07). A consistent pattern of means appeared for these variables; the 
presentation order of reward and effort influenced perceptions with 
outcome-focus, but not with process-focus. Thus, when focusing on 
the process, effort is salient regardless of order. Although, priming 
people to focus on the outcome reduces the salience of effort, this sa-
lience is restored when effort is presented first. Progress perceptions 
mediated the effects of the variables reported above.

Conclusions
Findings are consistent across three studies—the presentation 

order of goal reward and effort information influences perceptions 
when the effort required to attain the goal is expressed in a high 
numerosity medium and the goal is distant. When goal reward is 
presented first, individuals see the goal in a more positive light rela-
tive to when the effort is presented first. We argue that presentation 
order influences the salience of the effort required, which in turn, 
influences perceptions related to the goal. We discuss implications 
and future research.


