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People spontaneously think that large numbers should be located at the top or on the right hand side of a display, whereas small

numbers should be put at the bottom or on the left side. On the basis of this number-location association and perceptual symbol system

theory, two studies demonstrated that people’s memory about a number’s location is influenced by numerical magnitude, and that

people’s numerical estimation is biased by location.
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The Bidirectional Relation between Number and Location
Fengyan Cai, The Chinese University of Hong Kong, China

Hao Shen, The Chinese University of Hong Kong, China
King-man Hui, The Chinese University of Hong Kong, China

The number-location association refers to the fact that people spontaneously think that large numbers should be located at the top or 
on the right hand side of a display, whereas small numbers should be put at the bottom or on the left side (Wood and Fischer 2008-Dehaene, 
Bossini and Giraux 1993;Zorzi, Priftis and Umilta 2002; see Fias and Fischer 2005 for review). 

 Extant literature already provides preliminary evidence for the existence of the number-location association. For example, Dehaene, 
Bossini and Giraux(1993) presented a number at a fixation, and then asked subjects to judge whether the number was odd or even by pressing 
the assigned response key. They found that participants responded to larger numbers faster when the assigned response key was on the right 
(vs. left) hand side, and that the reverse pattern was true for small numbers. 

However, extant research usually focuses on uni-directional relation between number and location—from numerical magnitude to 
location. This paper proposes and demonstrates that there is a bidirectional relation between number and location. First, we will examine 
the impact of numerical magnitude on people’s memory about location in study 1. Secondly, we will test whether location can bias people’s 
numerical estimation in study 2. 

STUDY 1: IMPACT OF NUMERICAL MAGNITUDE ON MEMORY

ABOUT LOCATON
The number-location association will be automatically activated when numbers are presented (Dehaene, Bossini and Giraux 1993). 

Research on spatial memory has shown that when participants can not clearly recall locations, they will use other source of information to 
help them recall (Huttenlocher, Hedges, Corrigan and Crawford 2004; Huttenlocher, Hedges and Duncan 1991). Accordingly, if people can 
not clearly recall the locations of numbers, the activated number-location association may serve as an additional source of information. As a 
result, recalled location of large number may be biased rightward whereas recalled location of small number may be biased leftward. 

METHOD
Forty college students took part in this study in exchange for HK$ 20. Participants firstly watched a slide show in which each number 

was shown for one second and followed by one second blank screen. The horizontal location of those numbers varied but the vertical location 
remained the same. After all stimuli (6 small numbers<1, 2, 3, 4, 5, 6>, 6 large numbers<999, 996, 997, 995, 998, 989>) were shown, partici-
pants saw each number again in the order they originally saw them, one at a time, at the center of the slide. Then, participants were asked to 
recall the location of each number by checking one of the fifteen boxes that located from left to the right on the screen.

RESULTS 
The main dependent variable we used was the difference between the recalled location and original location. For both original location 

and recalled location, small code numbers represented locations near to the left side of the slide while large code numbers represented 
locations near to the right side. Therefore, we expect that for large numbers, the difference between recalled location and original location 
would be larger than 0; for small numbers, the difference would be smaller than 0. 

The results showed a significant main effect of the category of stimulus (F(1,80)=22.72, p<.001). As expected, for large numbers, the 
difference (M=1.85) was significantly higher than zero (t(40)=5.92, p<.001); for small numbers, the difference (M=-1.10) was significantly 
lower than zero (t(40)=-3.42, p<.001). Therefore, our expectation got supported.

STUDY 2: THE EFFECT OF LOCATION ON NUMERICAL ESTIMATION
Perceptual symbols system theory suggests that people often behave like as though perceptual associations are literal (Barsalou 1999; 

Barsalou 2008). People’s judgment and decision are consequently biased by the perceptual factors in those associations (Schuber 2005; Nel-
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son and Simmons 2009). For example, because of the association between cardinal direction and vertical position—“North is up”, people feel 
that heading north is going uphill, and hence expect that northbound travel(vs. southbound) will take longer time. Accordingly, we expect 
that people might treat the association between number and location literally. As a result, once the number-location association is activated, 
people’s numerical estimation could be biased by location. Specifically, we assumed that a large (small) number will be more accessible in 
people’s mind when they estimate the amount of products that are presented on the right (left) side of a screen. 

METHOD 
Eighty college students were told that we are interested in their memory ability and were asked to remember anything that appeared on 

the wall. On this pretense, participants were sequentially exposed to a pile of books and a pile of balls on the wall. The order of the two pic-
tures was counterbalanced. Each picture was either displayed on the left or right side of the wall. Participants were given 1second to look at 
each picture. After that, they were asked to estimate the number of books and balls. As a manipulation check, they were also asked to indicate 
the location of each picture by circling “left” or “right”. 

RESULTS
98% of participants correctly recalled the locations of the pictures. The results of repeated measure ANOVA revealed a significant main 

effect of location on estimation (F (1, 78) = 7.20, p < .05). The estimated amount of objects was significantly higher when objects was pre-
sented on the right hand side (M=17.53) than when it was presented on the left hand side (M=14.84). This finding demonstrated that location 
could bias people’s numerical estimation in an assimilation way. 

 This paper may contribute to extant literature in two different ways. First, it demonstrates an undocumented bidirectional relation 
between number and location. Second, much of extant literature only demonstrated that the number-location association could influence how 
fast or accurate a judgment was made. This research demonstrates that the number-location association can bias not only the process by which 
a judgment is made but also the judgment outcome itself. 
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When Under Cognitive Load, Extraverts Generate More False Memories but Introverts 
Generate Fewer False Memories

Daniel Rubin, CUNY Graduate Center, USA
Paul M. Connell, SUNY Stony Brook, USA 

A considerable body of research has demonstrated that confabulations are relatively common with respect to memory for advertisements 
and consumption experiences (e.g., Bernstein & Loftus, 2009; Braun, 1999; Schlosser, 2006).  Despite this attention, we still know very little 
about the intraindividual processes that lead to false memory formation.  The purpose of this research was to explore the potential situational 
and dispositional boundary conditions for the formation of false memories.

The need for such a model has been suggested by prior false memory research, such as that of Schlosser (2006), who found that virtual 
object interactivity has the potential to increase accurate memory, while simultaneously increasing imagined attributes, or false memories. 
False memories of product attributes may lead to dissatisfaction as consumers may mistakenly expect product benefits despite the fact that 
they were never advertised.  This research suggests that marketers should make an effort to better understand the conditions under which 
a false memory is most likely to occur, as false recall of product attributes can have a dramatic negative impact on customers’ satisfaction 
levels.  Studying false memories should be a priority when it is considered that they have actually been shown to impact ones’ behavior.  Ber-
nstein and Loftus (2009) found that it was possible to convince people that as children a particular food had made them ill.  The participants 
that adopted this false memory had altered food preferences and showed avoidance to the food used in the study.  False memory research can 


