
ADVANCES IN COGNITIVE PSYCHOLOGYRESEARCH ARTICLE

http://www.ac-psych.org2021 • volume 17(2) • 136-148136

Exploring the Space-Calorie 
Association: Preliminary Evidence 
from Reaction Time Performance
Emre Gurbuz1 and Ahu Gokce2

1 Department of Psychology, Saarland University

2 Department of Psychology, Kadir Has University

space-calorie association, 

high and low-calories, 

endogenous spatial cues, 

approach-avoidance 

mechanisms

The present study was designed to investigate the representation of calorie levels in space. Previ-
ously an association between numerical magnitude and space has been established, namely, the 
Spatial Numerical Association of Response Codes (SNARC) effect. The spatial-numerical association 
reveals representation of smaller and larger numbers by the left and right sides, respectively. In ad-
dition, previous studies showed that spatial arrangement of foods in space affects the food selec-
tion behavior. In three experiments, the presence of an association between calorie magnitude and 
space was tested to understand how it could potentially affect food selection behavior. Reaction 
times were recorded to investigate the speed of information processing. In Experiment 1, locations 
of low and high calorie food stimuli were (in)congruent in terms of the space-calorie association. In 
Experiment 2, endogenous spatial cues were used to bias attention to investigate if this bias would 
lead to formation of the space-calorie association. Finally, Experiment 3 investigated whether green 
and red colors evoke approach or avoidance behavior and prevent formation of the space-calorie 
association. In all experiments, results revealed lack of an association between space and calorie, 
that is, presenting low/high calorie items on the left/right hemispace, respectively, did not modu-
late the processing speed.
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INTRODUCTION

Spatial cognition studies mainly focus on how the items (e.g., objects 

in the environment, stimuli in the visual display, food images on the 

menus) are represented in space. By employing various paradigms and 

tasks, different aspects of spatial representations can be uncovered. The 

spatial numerical association of response codes (SNARC) effect reflects 

the association between the number magnitude and space (Dehaene 

et al., 1993). Numbers are represented in ascending order from left to 

right on the horizontal mental number line, resulting in associating 

the numbers in smaller magnitude with the left side and numbers in 

larger magnitude with the right side on the horizontal layout. Moyer 

and Landauer (1967) investigated the horizontal numerical representa-

tion in a comparison judgment task. Participants were presented with 

single-digit number pairs where each digit was presented on the left 

and right sides and were asked to indicate the location of the larger 

digit in the pair. Responses were faster and error rates were smaller 

for pairs with the larger numerical difference (e.g., 3 and 9) compared 

to pairs with less numerical difference (e.g., 7 and 9). The comparison 

judgment task was easier to perform when the numbers were more 

distant on the mental number line compared to closer distance (Moyer 

& Landauer, 1967). Differences in performance as a function of the 

numerical magnitude difference reported by Moyer and Landauer 

(1967) support the idea of the spatial representation of numbers. 
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The performance superiority for the larger magnitude differences in 

number pairs indicates the left-right hemispace representations of 

the smaller and larger numbers, respectively. The formation of an as-

sociation between the location of the response hand (left, right) and 

the magnitude of the number has been proposed as the underlying 

mechanism of the SNARC effect. The right-hand responses were faster 

for the larger numbers while left-hand responses were faster for the 

smaller numbers (Dehaene et al., 1993). Such an association leads to 

representation of the smaller numbers on the mental number line with 

left hand responses and larger numbers with the right-hand responses. 

Interestingly, this tendency was also observed when the evaluation of 

the numerical magnitude was task-irrelevant in a parity judgment task 

and was not affected by the handedness of the participants (Dehaene et 

al., 1993; Experiment 5). 

An alternative explanation for the SNARC effect was provided by 

the polarity correspondence view (Proctor & Cho, 2006), according 

to which dimensions include “–” and “+” polarities and stimuli or 

responses can be assigned to either polarity. In the domain of the nu-

merical magnitude, right-hand responses and larger numbers indicate 

the “+” side and left-hand responses and smaller numbers indicate the 

“–” side of the polarity. The match between the polarities of the stimu-

lus and response (e.g., both “–” polarities) leads to faster processing 

speed. Non-numerical magnitudes such as size, luminance, time, and 

tone can be polarized as well. Bigger sizes, darker colors, future times, 

or higher pitches represent the “+” side of the polarity whereas smaller 

sizes, lighter colors, past times, and lower pitches represent the “–” 

side of the polarity. However, in a meta-analysis, it was discussed that 

these explanations are not mutually exclusive and that both the mental 

number line and the polarity correspondence views can account for the 

SNARC effect (Wood et al., 2008). 

Space-magnitude associations have been reported in various non-

numerical domains such as time, size, letters, and luminance, known as 

the SNARC-like effect (Fumarola et al., 2014; Sellaro et al., 2015). In the 

temporal domain, earlier and later magnitudes were associated with 

the left and right side of the hemispace, respectively (Macnamara et al., 

2018). Similarly, individuals responded faster to the earlier months of 

the year with the left hand and the latter months of the year with the 

right hand (Gevers et al., 2003; see also Torralbo et al., 2006). In the 

musical domain, lower/higher pitch sounds were associated with the 

left/right hand, respectively (Cho et al., 2012; Nishimura & Yokosawa, 

2009). Ren et al. (2011) asked participants to compare two stimuli 

based on their size (bigger or smaller), luminance (darker or lighter), 

and conceptual size (bigger or smaller, e.g., mountain or dust) in vari-

ous experiments. Right hand responses were faster for larger, darker, 

and conceptually bigger targets compared to smaller, lighter, and con-

ceptually smaller targets (see also Dural et al., 2018). 

The aim of the current study was to test whether an association 

between space and calorie magnitude (i.e., level) exists. Various fea-

tures of food calories can be investigated such as healthiness (Manippa 

et al. , 2020; Romero & Biswas, 2016) or (visual) heaviness (Deng & 

Kahn, 2009) of certain foods regardless of the calorie level. The present 

study’s focus was on the representation of the calorie level (in kcal) of 

the presented food item in the left/right space. Investigation of this 

issue is important to be able to understand and explain certain fac-

tors as to why people choose to consume certain foods. In this regard, 

previous studies reported that the spatial arrangement of foods in 

space has a role in the selection of the food. For instance, when the 

food item was in far proximity and harder to reach, people chose that 

option less compared to when located closer in a salad bar (Rozin et 

al., 2011). Similarly, Romero and Biswas (2016) showed that lateral 

positioning of healthy/unhealthy foods influenced the food selection 

behavior. In Experiment 1, participants were provided with two kinds 

of menus in which the healthy item was presented on the left and the 

unhealthy item on the right and the reversed order was presented in 

the second menu. Healthy food preference increased when the healthy 

item was located on the left side of the unhealthy option (Romero 

& Biswas, 2016). Results were replicated in follow-up experiments 

using a computer-based task (classifying and placing low and high 

calorie items in left/right sided boxes) and in real-life context where 

participants’ consumption of healthy beverages was investigated. The 

authors concluded that positioning the healthy food congruent with 

the natural representation of the left and right space increases the 

amount of the healthy food choices. Deng and Kahn (2009) showed 

that similar bias exists on the vertical layout. The authors investigated 

the effect of product image location on visual heaviness perception of 

the product package. When the product images were located at the 

bottom, products were perceived as heavier compared to when located 

at the upper part of the package. Interestingly, this effect was not ob-

served for the non-food items. This has been explained by the view 

that heaviness represents more quantity for foods but means danger 

for the non-food items. Additionally, the authors put forward the idea 

that the pull of the heavy items down by the gravitational forces creates 

bottom-heavy bias (see also Tversky, 2011). Such a bias can lead to the 

formation of an association between heavy items and bottom locations. 

Furthermore, it has been suggested that certain beliefs of individuals 

implicitly play a role in their consumption behavior. In series of experi-

ments, Valenzuela and Raghubir (2015) investigated position-based 

effects in the horizontal and vertical arrangement of products on the 

shelves. Results indicated that consumers have certain beliefs that the 

products are placed based on their price on both the vertical (cheaper 

products at the bottom shelves) and horizontal (cheaper products on 

the left shelves) axes. 

The effect of laterality bias on the (disentangled) representations of 

the healthiness and caloric content features was further examined in 

a recent study by Manippa et al. (2020). In Experiment 1, healthiness 

(unhealthy or healthy) and caloric content (low or high) dimensions 

were manipulated and participants’ preference (frequency in percent-

ages) to categorize food items on these dimensions was measured. In 

the task, the four labels that derived from the two dimensions were 

randomly located on each corner and the to-be-categorized food 

item was located in the center of the screen. The highest frequency 

of the preference was observed for the healthy label followed by the 

high-calorie label indicating that people prefer to categorize foods 

mostly based on their healthiness. Furthermore, laterality bias was 

http://www.ac-psych.org


ADVANCES IN COGNITIVE PSYCHOLOGYRESEARCH ARTICLE

http://www.ac-psych.org2021 • volume 17(2) • 136-148138

observed for the caloric content dimension: High-calorie preference 

was the highest when the label was on the right side (upper/lower right 

corners), which is in accordance with the mental number line repre-

sentation. In Experiment 2, the visual analog scale (VAS) was used to 

assess participants’ ratings of food items on healthiness and caloric 

content dimensions. The labelling positions (left: healthy/high-calorie 

and right: unhealthy/low-calorie) were randomized across trials lead-

ing to (in)congruent arrangements of space and healthiness/calorie 

content in terms of the mental number line. The healthiness ratings 

were higher in the congruent arrangement condition, that is, when 

the “healthy” label was on the left side of the VAS. Such pattern was 

not observed for the calorie content. The authors also examined reac-

tion time performance (Experiment 3) in a pleasantness evaluation 

task. The task was based on evaluating the (un)pleasantness of each 

presented target food item. Pleasantness was operationalized as being 

edible (i.e., pleasant) or rotten (i.e., unpleasant). Response mappings 

(left/right response key) for the pleasantness ratings were reversed for 

two groups of participants. Results revealed an opposite pattern of the 

SNARC-like effect, pleasantness ratings were faster for the right-side 

responses compared to the left side. 

The results reported by Manippa et al. (2020) overall indicate the 

superiority of the healthiness dimension over the caloric content in 

a food categorization task. Although the healthiness aspect plays a 

critical role when individuals classify food, it remains unclear whether 

calorie level estimation is done accurately. Judging the food as healthy 

could lead to an underestimation of its calorie level (Chandon & 

Wansink, 2007). In order to test this issue more precisely, the present 

study was designed to investigate the space-calorie association by 

controlling the calorie level. Processing speed (i.e., RT) was measured, 

which provided information on the mental chronometry (Meyer et al., 

1988) and enabled to precisely measure information processing per-

formance in a computerized setting. Based on the polarization view 

(Proctor & Cho, 2006), different calorie amounts can be represented 

at the opposite sides of the polarity. While higher calorie foods were 

expected to be on the “+” side of polarization and associated with the 

right side, low calorie foods were expected to be on the “–” side of the 

polarization and associated with the left side of the screen. Similarly, an 

increase in the calorie level can be represented on a horizontal mental 

number line where lower calorie levels are represented on the left and 

higher calorie levels are represented on the right side of the mental 

number line. The presence of the space-calorie association would result 

in representing low-calorie foods on the left and high-calorie foods on 

the right side. The space-calorie representation would lead to improved 

task performance, measured by the processing speed, when the low- 

and high-calorie food stimuli are presented on the left and right sides, 

respectively. Reaction time measurement would reflect the association 

between the calorie level and space in terms of faster reaction times 

when the low/high calorie item is placed congruently. The investigation 

of the space-calorie association is important based on several factors. 

Firstly, testing if low and high calorie levels are represented in the left/

right hemispaces, respectively, would enable us to extend our knowl-

edge on the SNARC-like effect within the calorie domain. Secondly, 

the demonstration of such an association would have practical implica-

tions in applied settings, for instance, when developing intervention 

programs in the scope of eating behaviors. This association was tested 

in three experiments by using different parameters. Experiment 1 was 

designed to test if the space-calorie association exists and affects the 

representation of different calorie levels (low, high) in space. In the 

following experiments, the effects of spatial cue (Experiment 2) and 

approach-avoidance mechanisms (Experiment 3) were tested. In all 

experiments, reaction time (RT) and error rates were the dependent 

variables.

GENERAL METHOD

The general setup of Experiments 1-3 was identical, with the excep-

tions noted in the Procedure section of each experiment.

Participants
Fifty-four participants in total (female: 42, right-handed: 43, Mage = 

20.21, SDage = 2.51; Experiment 1: 17, Experiment 2: 18, Experiment 

3: 19 participants) participated in the experiments. The study was ap-

proved by the Ethics Committee of the Kadir Has University. Prior to 

participation, participants gave their informed consent. Participants 

who were enrolled in the psychology undergraduate program received 

course credits for their participation. All participants had normal or 

corrected-to-normal vision. They were naïve to the purpose of the 

study and were debriefed after the participation.

Apparatus & Stimuli
All experiments were built by using the PsychoPy Builder software 

(version 1.90.3; Peirce, 2007, 2009). Responses were recorded via 

keyboard placed in front of participants. The distance between the 

computer screen and the participants was approximately 60 cm and 

the screen resolution was set to 1920 × 1080 pixels. The experiment 

room was dimly lit. 

The food stimuli were selected from the Food-pics database 

(Blechert et al., 2019; Blechert et al., 2014). In total, 286 food stimuli 

with low and high calorie values were chosen from the database. Prior 

to running the study, a pilot study was conducted to determine whether 

the food stimuli have comparable calorie levels (in kcal) for the sample 

of the present study using Qualtrics (Provo, UT, USA). The aim was 

to avoid culture-specific factors that may influence calorie judgments 

of the stimuli and that all food stimuli are recognizable by the sample. 

In the pilot study, the food stimuli were rated based on their calorie 

levels (low, average, or high). All stimuli were presented on the center 

of screen and participants were asked to decide which calorie group 

best represents the current food image. The calorie levels were “0–100 

kcal,” “100–250 kcal,” and “250–500 kcal,” representing low, average, 

and high calorie levels, respectively. Each item remained on the screen 

until the response was made. Data were collected from 53 individuals 

that matched our sample in terms of age. Based on the rating respons-

es, food stimuli which had inconsistent ratings with the actual calorie 

levels were excluded (8.39%). For example, nuts and cheese were rated 
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as low-calorie items although these foods are labeled as high-calorie in 

the Food-pics database. In addition, all rated pictures were separated 

into three different calorie groups based on being rated mostly as 0-100 

kcal, 100–250 kcal, or 250–500 kcal. In order to use food stimuli that 

represented the low or high calorie levels for our sample, stimuli that 

were rated as average (100–250 kcal) were discarded (24.81%). Finally, 

for every remaining stimulus (197), the percentage of agreement for 

each category was calculated. If half of the participants did not rate 

one stimulus as belonging to one category (e.g., less than 50% of raters 

rated the stimulus as low/high calorie), it was discarded from the 

stimulus set (total exclusion rate: 18.78%). These exclusion criteria led 

to 80 low-calorie (e.g., apple, kiwi) and 80 high-calorie (e.g., muffin, 

chips) food stimuli in total (see Appendix A for the IDs of the selected 

stimuli). The selected pictures were compared on the palatability, crav-

ing, valence, and arousal factors provided in the Food-pics database 

(Blechert et al., 2019, Blechert et al., 2014, see Table 1).

In order to determine if the ratings of the stimuli were consistent 

across participants, inter-rater reliability analysis was performed by 

calculating the Fleiss Kappa (Fleiss, 1971). Kappa value for the 160 

chosen pictures was 0.59, which indicated moderate agreement (while 

the value of 0 indicates chance agreement, (Fleiss, 1971), 0.41–0.60 

range indicates moderate agreement (Landis & Koch, 1977). 

EXPERIMENT 1

Experiment 1 investigated whether the low-calorie food stimuli (e.g., 

salad) and high-calorie food stimuli (e.g., hamburger) have a natural 

tendency to be represented in the left and right hemispace, respectively. 

The calorie-space association determined the (in)congruency of each 

experimental condition. Positioning the low-calorie stimuli on the left 

and high-calorie stimuli on the right side was congruent and the re-

versed pairing was hypothesized to lead to incongruency with regard 

to the calorie-space association. Therefore, the aim of this experiment 

was to examine whether presenting the low (high) calorie food stimulus 

on the left (right) side would improve the task performance in terms of 

increased processing speed and accuracy rates.

Procedure
A practice session (1 block, 20 trials) was run prior to the main ex-

periment (4 blocks, 480 trials each). The data of the practice session was 

not recorded. In the practice session, instead of low- and high-calorie 

stimuli, pairs of pebbles and flowers were used to get acquainted with 

the task procedure using non-food stimuli. Participants were instructed 

to indicate the location of the flower pictures after the presentation of a 

red fixation cross or indicate the location of the pebbles after the presen-

tation of a green fixation cross. The background color was set to black. 

In the experiment, each trial started with the presentation of a green or 

red fixation cross in the center for 700 ms. Depending on the fixation 

cross color, participants were asked to localize the low-calorie (green) 

or high calorie (red) stimulus. The color of the fixation cross was ran-

domized across trials with equal probability of occurrence. After the 

fixation cross, food pairs were presented for 1500 ms and the response 

period was 2000 ms (see Figure 1). Each food stimulus (size: 12 ° × 9 °) 

was positioned 10 ° away from the fixation cross location.

Participants performed a go/no- go task which enableds to measure 

response inhibition and reflects processing speed. In this task, the no-go 

trials play a critical role to prevent automatic responding which could 

lead to responding without judging the calorie level of the presented 

food. However, as the nature of the go/no go task requires to withhold 

responses in the no-go trials, participants would need to effortfully de-

cide whether the presented food pairs have the same/different calorie 

levels which enables to investigate the space-calorie association (van 

Dijck & Fias, 2011). 

The food pairs were created by having four different combinations 

of low/high calorie food stimuli located on the left/right sides, present-

ing low calorie foods on the left and high calorie foods on the right (LH; 

e.g., salad-hamburger), high calorie foods on the left and low-calorie 

foods on the right (HL; e.g., hamburger-salad), high calorie foods on 

TABLE 1.  
Means and SDs of the Valence, Arousal, Palatability, and Crav-
ing Ratings of the Low and High Calorie Food Stimuli from the 
Food-pics Database

Low calorie High calorie
M SD M SD p

Experiments 1 and 2

Valence 59 8.46 53.7 5.99 < .001
Arousal 34.2 8.17 37 5.84 .016

Palatability 60.2 11.2 60.2 7.64 .989
Craving 37.7 12.6 38.6 7.53 .585

Experiment 3

Valence 57.2 6.86 53.8 6.69 .159
Arousal 33 8.76 35.3 4.89 .368

Palatability 56.9 10.2 61.8 8.46 .151
Craving 33.5 12.5 38.8 7.74 .163

Note. The p values represent the differences between the low and high 

calorie stimuli on these parameters.

FIGURE 1.

The trial sequence of Experiment 1. Each trial started with the pre-
sentation of green or red fixation cross for 700 ms, followed by 
the food stimuli for 1500 ms. The task was to indicate the location 
of the low (high) calorie food stimulus after the presentation of 
the green (red) fixation cross. Here: the stimulus pair low-high (LH) 
was preceded by the red fixation cross, therefore participants had 
to indicate the location of the high calorie food (cheesecake).
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both sides (HH; e.g., hamburger-hamburger), or low-calorie foods on 

both sides (LL; e.g., salad-salad). The proportion of each pair was as 

follows: 40% LH, 40% HL, 10% LL, and 10% HH pairs. In the LH and 

HL conditions (80% of the trials), participants were asked to respond to 

either low or high calorie item target (i.e., go trials). In the remaining 

HH and LL (20% of the trials) conditions, no response was required as 

both items had the same calorie level (low-low or high-high) and there 

was no target to discriminate (i.e., no-go trials). In the go trials (i.e., LH 

and HL pairs), participants were asked to press the “A” or “L” button if 

the target was located on the left or right side, respectively. In the no-go 

trials (i.e., LL and HH pairs), participants were instructed to withhold 

their response. The HL and LH food stimuli pairs were pseudorand-

omized. The experiment session lasted approximately 30 minutes. 

Results and Discussion
Data were analyzed by using R (R Development Core Team, 2017) and 

Jamovi (The Jamovi Project, 2019). In addition, JASP software (JASP 

Team, 2019) was used for the Bayesian statistical analyses. Bayes factor 

analyses were carried out as both the presence and the absence of the 

effects were of theoretical interest. The JASP software default param-

eters were used, with BF10 based on a directional H1 (pre > post) and 

a Cauchy prior width of 0.707 (Marsman & Wagenmakers, 2017). A 

Bayes factor of > 3 is considered as substantial evidence against the ab-

sence of effects, while a Bayes factor of < 1 is evidence for the null effect. 

Data of three participants were excluded from the analyses due to 

failure to follow instructions. Incorrect responses (20.85%) and trials 

with ± 2.5 SDs from the RT mean were discarded as outliers (1.3%). The 

no-go trials (HH and LL pairs) were not included in the analyses. In or-

der to test the effect of pair congruency (LH, HL) on target localization, 

paired t tests were conducted for RTs and error rate variables separately. 

Reaction time, t(13) = .22, p = .82, Cohen’s d = .06, and error rates, t(13) 

= 0.78, p = 0.44, Cohen’s d = .21, did not significantly differ between the 

HL (520 ms; 21.4%) and LH conditions (518 ms; 20.3%; see Figure 2). 

Bayesian statistics were run to further test the null effects. Bayesian t 

tests revealed anecdotal evidence for the absence of the calorie SNARC 

effect for both RT (BF10 = 0.27) and error rate (BF10 = 0.35), suggesting 

that the likelihood of not forming an association between low (high) 

calories and the left (right) side is higher than forming such an associa-

tion.

Experiment 1 investigated whether there is a space-calorie associa-

tion that facilitates task performance when low and high calorie items 

are presented on the left and right sides, respectively. Romero and 

Biswas (2016) proposed that presenting healthy foods on the left of 

unhealthy foods increases the proportion of healthy food choices. As 

healthy food stimuli are considered low in calories, they are associated 

with the left side. This is in accordance with the spatial representation 

of the magnitudes (Romero & Biswas, 2016). If individuals represent 

low and high calories on the left and right sides, respectively, this would 

result in faster and more accurate target detection in congruent food 

pairs (LH condition). However, this was not observed, the presentation 

of food stimulus pairs with lower calories on the left and higher calories 

on the right did not facilitate task performance. In other words, target 

detection performance was comparable for both LH and HL pairs.

Results of Experiment 1 revealed preliminary evidence on the ab-

sence of a space-calorie association. However, other possible factors 

should be ruled out to provide further evidence on the absence of such 

an association. On the basis of this, Experiment 2 was designed to test 

if the space-calorie association can be obtained by biasing participants’ 

attention to a certain region and facilitate the processing of stimuli 

within it. Top-down factors influence attentional orienting by biasing 

attention to certain stimuli or spaces (Posner, 1980). In other words, the 

aim of Experiment 2 was to investigate whether external factors (spatial 

cues) can be used to form an association between the left/right space 

and high/low calorie food stimuli occupying that space.

EXPERIMENT 2

Exogenous and endogenous orienting mechanisms enable the alloca-

tion of attention (Posner, 1980; Ruz & Lupiáñez, 2002). The distinc-

FIGURE 2.

Mean reaction time (RT, left) and error rate (right) values in the low-high (LH) and high-low (HL) calorie pairs in Experiment 1. The error bars 
represent the SEM.

http://www.ac-psych.org


ADVANCES IN COGNITIVE PSYCHOLOGYRESEARCH ARTICLE

http://www.ac-psych.org2021 • volume 17(2) • 136-148141

tion between the two mechanisms is based on whether the allocation 

of attention occurs (in)voluntarily or not. In the case of involuntary 

(exogenous) allocation of attention, stimulus-driven bottom-up factors 

are involved and, independent of the current goal, stimuli capture at-

tention automatically by their feature. On the other hand, goal-driven 

top-down attentional factors affect voluntary (endogenous) allocation 

of attention, as attention is allocated to an object or space to fulfill a 

goal.

Exogenous and endogenous cues lead to different attentional 

processes. Exogenous (peripheral) cues are presented in the periph-

ery and lead to reflexive and automatic orienting of attention by their 

sudden and brief appearance (Theeuwes, 1991). On the other hand, 

endogenous (central) cues are presented in the center of the screen and 

involve controlled orienting. Posner’s spatial cueing paradigm is one of 

the most commonly used methods to investigate the allocation of at-

tention in space (Posner, 1980; Posner et al., 1980). Posner (1980) pre-

sented an (in)valid spatial cue before the target onset. Presenting the 

target at the cued location (valid cue) or at the opposite side of the cued 

location (invalid cue) leads to differences in performance. Findings in-

dicate that invalid cues lead to slower and more erroneous responses 

than valid cues, an effect known as reaction time cost (Posner, 1980). 

This is due to delayed disengagement from the invalidly cued location 

to the target location. On the other hand, valid cues facilitate task per-

formance in terms of faster responses and higher accuracies, an effect 

known as reaction time benefit.

In Experiment 2, the aim was to investigate whether the space-

calorie association can be established in the presence of endogenous 

spatial cues. Spatial attention can be modulated by both numerical and 

non-numerical information as well as by working memory representa-

tions (van Dijck et al., 2013). Fischer et al. (2003) investigated the rela-

tionship between numbers and space. The task was based on respond-

ing to the presence of a lateralized target shape stimulus. The target 

was preceded by a task-irrelevant number of a small/large magnitude. 

Left (right) side targets were detected faster when preceded by small 

(large) numbers. As the presented number’s magnitude modulated the 

spatial attention, the authors named this the attentional-SNARC effect. 

However, a recent replication attempt of Experiment 2 of Fischer et. al 

(2003) failed (Colling et al, 2019). This failed replication is an impor-

tant factor to consider in the context of space-number representations. 

Given that the numerical stimuli do not always have spatial representa-

tions, using non-numerical stimuli such as spatial cues would be ef-

fective in investigating space-based representations. The typical spatial 

cueing effects reveal performance advantage of valid cues over invalid 

cues (Posner, 1980). If the spatial cues lead to an association between 

low (high) calorie and the left (right) space, the valid and invalid spatial 

cues would have different effects on task performance in the LH and 

HL conditions where locations of low/high calorie stimuli differ. In the 

LH condition, where low/high calorie stimuli are congruently located 

with regard to the space-calorie association, both valid and invalid 

cues would bias attention to the congruently presented stimuli (i.e., 

low calorie on the left, high calorie on the right side). If the cue leads to 

an association between calorie and space, the valid cues would facili-

tate performance because participants would expect to see low calorie 

stimulus on the left and high calorie stimulus on the right, and the valid 

cue would direct attention to the space-congruent item. However, the 

invalid cues would impair performance as attention would be directed 

to the non-target item. In the HL condition, where low/high calorie 

stimuli are incongruently located with regard to the space-calorie as-

sociation, both valid and invalid cues would bias attention to stimuli 

that are incongruently presented in space based on the space-calorie 

association (e.g., high calorie on the left, low calorie on the right side) 

(see Figure 3). If the cue leads to an association between calorie and 

space, both valid and invalid cues would impair performance because 

participants would expect to see low calorie stimulus on the left and 

high calorie stimulus on the right, and both valid and invalid cues 

would direct attention to the space-incongruent stimuli regardless of 

what the target is. In the HL condition, performance should be worse 

in the invalid than the valid cue condition, as indicated by the typical 

cueing findings (Posner, 1980).

FIGURE 3.

Depiction of the spatial cue validity (valid and invalid) and pair congruency (low-high, LH, and high-low, HL) variables and (in)congruent space-
calorie associations. If the low calorie stimulus (broccoli) is the target in all cases, the valid cues (here: black arrow) would be pointing broccoli 
and the invalid cues would be pointing the cheesecake. Presenting the low calorie stimulus (broccoli) on the left and the high calorie stimulus 
(cheesecake) on the right leads to the LH pair condition and the reversed order leads to the HL pair condition. Based on the proposed space-
calorie association, pair congruency determines the (in)congruency between space and calorie (LH: congruent, HL: incongruent association).
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If an association between space and calorie exists, valid cue trials 

in the LH condition would elicit better performance compared to the 

HL condition. When both the space-calorie association and the spatial 

cue are congruent (i.e., LH and valid cue), responses should be faster 

compared to the condition where only the cue validity is congruent but 

the space-calorie association is incongruent (i.e., HL and valid cue). 

Similar pattern would be observed in the invalid cue trials as well. 

When both the space-calorie association and the spatial cue are incon-

gruent (i.e., HL and invalid cue), responses should be slower compared 

to when only the spatial cue is incongruent but the space-calorie as-

sociation is congruent (i.e., LH and invalid cue). In other words, task 

performance should be worse in both valid and invalid cue trials given 

the incongruent space-calorie association in the HL condition. 

Apparatus, Stimuli, and Procedure
In Experiment 2, the apparatus and stimuli were identical as in 

Experiment 1, with the exception of the presentation of the spatial 

cues (← or →) (white, size: 3.75 ° × 3 °) presented prior to the food 

stimuli. Valid cue pointed the location of the upcoming target stimulus 

(e.g., right pointing cue and right-side target) and invalid cue pointed 

the opposite location of the target stimulus (e.g., left pointing cue and 

right-side target). 

Each trial started with the presentation of the green or red fixation 

cross for 500 ms. After the fixation cross, the (in)valid spatial cue (← or 

→) was presented for 500 ms. The fixation cross color and cue validity 

were randomized across trials. Following the spatial cue, food pairs 

were presented for 1500 ms and the response duration was 2000 ms 

(see Figure 4). The experiment consisted of four blocks with 120 trials 

each. Each block had 96 go trials (LH and HL conditions, 50-50%) and 

24 no-go trials (LL and HH conditions, 50-50%). In the go trials, cue 

validity was 75% valid-25% invalid.

Results and Discussion
Data of two participants were excluded from the analyses due to failure 

to follow instructions. Incorrect responses (13.17%) and RTs outside 

of the range of ± 2.5 SDs from the mean were discarded as outliers 

(2.51%). The no-go trials (HH and LL pairs) were not included in the 

analyses. 2 (pair congruency: LH, HL) × 2 (cue validity: valid, invalid) 

repeated-measures analyses of variance (ANOVAs) were run sepa-

rately for the RT and error rate measurements. Post-hoc comparisons 

(Tukey) were conducted for further comparisons.

Cue validity had a significant main effect on reaction time, F(1, 

15) = 5.82, p = 0.02, ηp
2 = 0.28. The Bayes factor revealed anecdotal 

evidence in favor of the alternative hypothesis (BF10 = 1.16), suggesting 

that the RT difference between the valid cue (703 ms) and invalid cue 

trials (717 ms) may not be reliable. There was no significant main effect 

of pair congruency, F(1, 15) = 1.48, p = 0.24, ηp
2= 0.09 (see Figure 5). 

Bayesian ANOVA results revealed evidence for the null effect of the 

pair congruency variable (BF10 = 0.50). 

Cue validity had a significant main effect on the error rate, F(1, 15) 

= 27.37, p < .001 ηp
2 = .64, supported by the Bayes factor as well (BF10 

= 134.5). Invalid cues led to higher error rates (17.4%) compared to the 

valid cues (11.8%). The main effect of pair congruency on error rate 

was also significant, F(1, 15) = 13.24, p = .002, ηp
2 = .46. Participants 

had higher error rates in the LH pair condition (16.8%) than the HL 

condition (12.4%). The Bayes factor revealed moderate evidence (BF10 

= 8.93) for the effect of pair congruency. The pair congruency and cue 

validity interaction was significant, F(1, 15) = 12.17, p = .003, ηp
2 = 

.44. Participants made more errors in the LH pair condition only when 

the cue was invalid, contrary to our expectation. The Bayes factor re-

vealed extreme evidence for this interaction effect (BF10 = 77885.62) 

(see Figure 5).

 Experiment 2 investigated whether the space-calorie association 

can be observed in the presence of endogenous spatial cues that bias 

attention to certain space. The obtained cue validity effect (i.e., faster 

and more accurate responses for the valid cues) is in accordance with 

previous findings (Berger et al., 1999; Blair et al., 2017; Brignani et al., 

2009; Posner, 1980). If the food pairs had readily available representa-

tion (Romero & Biswas, 2016) with low calories on the left and high 

calories on the right, task performance in the LH and HL conditions 

would have differed based on the (in)congruency between the calorie-

space association. However, this was not observed; error rates were 

higher in the invalid cue trials in the LH but not in the HL condition, 

which was unexpected. This finding suggests that endogenous spatial 

cues do not necessarily lead to an association between space and calo-

rie magnitude.

In Experiments 1 and 2, the color of the fixation cross varied 

between red and green to define the target stimulus. A red (green) 

fixation cross indicated that the target would be the high (low) calo-

rie food stimulus in a given trial. This target-defining feature could 

have activated approach and avoidance mechanisms towards the food 

stimuli, resulting in slower RTs for the high-calorie food in the pres-

ence of the red fixation cross (Bruno et al., 2013). In other words, the 

red fixation cross might have created a stop signal, whereas the green 

FIGURE 4.

The trial sequence of Experiment 2. Each trial started with the 
presentation of green or red fixation cross for 500 ms, followed 
by an (in)valid spatial cue presented for 500 ms. Food stimulus 
pairs were presented and remained visible for 1500 ms. The 
task was to indicate the location of the low (high) calorie food 
stimulus after the green (red) fixation cross. Here: the incon-
gruent high-low calorie (HL) pair was preceded by the green 
fixation cross and the valid spatial cue; the target was the low-
calorie food stimulus (kiwi).
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fixation cross might have created a go signal towards the food stimuli. 

While approach behaviors are demonstrated by moving towards the 

positive stimulus, avoidance behaviors are considered as moving away 

from the negative stimulus (Elliot et al., 2009). Approach-avoidance 

behaviors towards food stimuli under different color conditions were 

investigated in the food context as well. Bruno et al. (2013) investigated 

the effects of colors on food choice behavior. They served popcorn 

(Experiment 1) and chocolate chips (Experiment 2) to different group 

of participants on red, blue, and white plates. Participants were asked 

to try the food items and then evaluate their sensory qualities with a 

mock questionnaire. Participants consumed fewer popcorns and choc-

olate chips when they were served on a red plate compared to the blue 

or white plates. The authors interpreted this as red denoting danger 

and prohibition, which is a culturally learned or biologically embedded 

association (see also Genschow et al., 2012, for similar results). To sum 

up, the current literature indicates that the color red evokes avoidance 

behavior, which leads to decreased food intake. Experiment 3 was 

designed to investigate if the color red evokes avoidance motivation 

towards the food stimuli and affects the association between space and 

calorie.

EXPERIMENT 3

Rohr et al. (2015) examined the approach-avoidance behaviors in the 

food domain with green and red colors. Participants were presented 

with black and white line drawings of healthy and unhealthy foods sur-

rounded by task-irrelevant red or green circles. They were instructed 

to move the mouse towards themselves (approach behavior) whenever 

they saw heathy food drawing or away from themselves (avoidance be-

havior) whenever they saw unhealthy food drawing, regardless of the 

surrounding circle’s color. Stimulus-response mappings were reversed 

in the half of the blocks. When participants were asked to move the 

mouse away in the presence of the unhealthy food stimuli, responses 

were faster on the trials with red circles compared to green circles. 

Therefore, the authors concluded that the color red increased avoidance 

behavior towards unhealthy food stimuli while the color green did not 

lead to approach behavior towards the healthy food items (Rohr et al., 

2015). Applied to the present study, activation of an automatic pattern 

might have resulted in avoidance behavior for the high-calorie target 

stimuli followed by the red fixation cross. Avoiding the high calorie 

target could have prevented the formation of space-calorie associa-

tion, and this needs to be controlled for. In order to examine whether 

the red color activates such a pattern, Experiment 3 was conducted to 

examine whether the fixation cross color activates approach and avoid-

ance mechanisms for the low and high calorie stimuli, respectively. In 

Experiment 3, the fixation cross color was task-irrelevant and was ran-

domized across trials. In other words, the color of the fixation cross did 

not define the target stimuli as in the previous experiments. The target 

was determined block-wise and participants were informed about the 

target item (low/high calorie) prior to each block. Therefore, in the cur-

rent experiment, if the color red (green) evokes avoidance (approach) 

behavior, participants would respond slower (faster) to the high (low) 

calorie food stimuli.

Apparatus, Stimuli, and Procedure
Materials used in Experiment 3 were similar to Experiment 1, with the 

exception of the selection criteria of the food stimuli. In Experiment 1, 

the visual properties such as complexity and object size of the stimuli 

were not controlled which may have been confounding. In Experiment 

3, in order to create low and high calorie food stimulus sets, a sub-

sample of images presented in Experiment 1 with few additional new 

ones were selected and the object size and complexity scores of the 

food stimuli were matched. Scores for object size and complexity were 

obtained from normative ratings of the Food-pics database (Blechert 

et al., 2019; Blechert et al., 2019). Stimuli with the scores ± 1 SD from 

the mean score of complexity and object size were discarded from the 

stimuli set, leading to 16 low and high calorie stimuli each.  

The procedure of Experiment 3 was identical to Experiment 1, ex-

cept that the fixation cross color was task-irrelevant and did not define 

the target stimulus. The target was the low/high calorie food stimulus 

in 50-50% probability across blocks. Each target was presented block-

wise and the order of the blocks was counterbalanced. The approach 

and avoidance behaviors were measured by the executed responses. In 

FIGURE 5.

Mean reaction time (RT, left) and error rate (right) values in the low-high (LH) and high-low (HL) calorie pairs in Experiment 2. The error 
bars represent the SEM (*** p < .001)
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Experiment 3, the no-go trials were not included, as they do not re-

quire any response. The practice block was identical with Experiment, 

1 except that the participants were instructed to indicate pebbles’ lo-

cation since the target stimuli did not change within the block as in 

Experiment 1. Each trial started with the presentation of  red or green 

fixation cross for 500 ms. The food pairs (LH or HL) were presented for 

1500 ms. Participants were asked to press the “A” or “L” buttons for the 

left/right side targets, respectively. The response duration was 2000 ms. 

The background color was white. The experiment consisted of 4 blocks 

with 120 trials each.

Results and Discussion
Data of one participant were excluded from the analyses due to failure 

to follow instructions. Incorrect responses (5.14%) and RTs outside 

of the range of ± 2.5 SDs from the mean were discarded as outliers 

(2.68%). 2 (fixation cross color: red, green) × 2 (pair congruency: LH, 

HL) × 2 (target’s calorie level: low, high) repeated-measures ANOVA 

was conducted separately for RT and error rate measurements. The de-

tection of low/high calorie targets followed by the red or green fixation 

cross was of particular interest to investigate the approach/avoidance 

mechanisms.

The RT analyses did not reveal any effects of the fixation cross color, 

F(1, 17) = 2.16, p = .15, ηp
2 = 0.11 , pair congruency, F(1, 17) = 2.76, 

p = .11 ηp
2 = 0.14, nor target’s calorie level, F(1, 17) = 0.15, p = .69, ηp

2 

= 0.009. Bayesian ANOVA results revealed anecdotal evidence for the 

effects of fixation cross color (BF10 = 0.27), pair congruency (BF10 = 

0.21), and target calorie (BF10 = 0.23). Similar pattern was observed 

for the error rates. No significant effect of pair congruency, F(1, 17) = 

0.28, p =.60, ηp
2 = 0.01, fixation cross color, F(1, 17) = 0.38, p = 0.54, 

ηp
2 = 0.02, and target calorie level, F(1, 17) = 0.43, p = 0.51, ηp

2 = 0.02, 

was observed on error rates (see Figure 6). The Bayes factor revealed 

anecdotal evidence for the effects of fixation cross color (BF10 = 0.19), 

pair congruency (BF10 = 0.22), and target calorie (BF10 = 0.26). Results 

suggest that target detection performance is not modulated by any of 

the factors.

 Experiment 3 was designed to test whether the lack of the space-

calorie association is due to the presentation of red and green fixation 

crosses activating the avoidance and approach mechanisms, respec-

tively. The activation of such mechanisms could potentially prevent the 

formation of the space-calorie association. However, results did not 

reveal any differences in the detection of low versus high calorie targets 

followed by the red or green fixation crosses. The use of task-irrelevant 

red fixation cross did not result in avoiding the high calorie stimuli (i.e., 

slowing the target selection process), which contradicts the findings 

of Rohr et al. (2015). Overall, the findings of Experiment 3 indicate 

that the approach and avoidance mechanisms do not account for the 

absence of the space-calorie association.

GENERAL DISCUSSION

The aim of the present study was to examine the space-calorie associa-

tion, that is, whether lower/higher calorie stimuli are processed faster 

and more accurately when presented in left/right hemispace, respec-

tively. Such presentation of food stimuli would be compatible with the 

space-magnitude association, albeit using the calorie magnitude. The 

presence of an association between space and calorie is expected to 

lead to representation of lower (higher) calorie magnitudes on the left 

(right) side. In three experiments, the existence of space-calorie asso-

ciation was investigated with various variables. Findings of Experiment 

1 revealed that participants do not necessarily form an association be-

tween calorie magnitudes and as they would with the mental number 

line. Experiment 2 was designed to further investigate whether top-

down spatial attention mechanisms would contribute to the formation 

of the space-calorie association. Presenting (in)valid endogenous spa-

tial cues did not lead to an space-calorie association. In Experiments 

1 and 2, the color of the fixation cross determined the target to be de-

tected. The nature of the task could have led to an association between 

the color red and the high calorie stimulus. Previously, an association 

between avoidance response towards unhealthy food and the color 

red was reported (Rohr et al., 2015). This may have accounted for the 

findings obtained in Experiments 1 and 2. The color red could have 

activated avoidance behavior and affected the performance on trials 

where high calorie stimulus was the target, which prevented the for-

mation of the space-calorie association. Experiment 3 was conducted 

to control the possible role of the avoidance mechanism. The color of 

the fixation cross did not determine the target and both low and high 

calorie stimuli were preceded by either red or green fixation cross in 

FIGURE 6.

Mean reaction time (RT, left) and error rate (right) values for high and low calorie targets presented after red or green fixation cross 
conditions in Experiment 3. The error bars represent the SEM.

http://www.ac-psych.org


ADVANCES IN COGNITIVE PSYCHOLOGYRESEARCH ARTICLE

http://www.ac-psych.org2021 • volume 17(2) • 136-148145

equal proportion. Implementing such a design was expected to prevent 

the activation of the avoidance mechanism. Findings again did not re-

veal any evidence for the space-calorie association. Overall, the current 

(preliminary) findings indicate that the non-numerical SNARC effect 

cannot be generalized to the calorie domain, unlike the musical (Cho 

et al., 2012), temporal (Gevers et al., 2003), size (Dural et al., 2018), or 

luminance (Ren et al., 2011) domains.

The current results indicate the lack of an association between 

space and the calorie level. However, certain limitations should be 

addressed which could account for the results. Information on partici-

pants’ current satiety level, weight, body mass index, eating disorders, 

or dietary restrictions were not collected. These factors could have 

affected the processing of the food stimuli. Previously, it has been re-

ported that food deprivation prolongs attentional dwell time for food 

stimuli (Mogg et al., 1998; Placanica et al., 2002) or modulates the ap-

proach behavior towards food stimuli (Seibt et al., 2007). These factors 

should be taken into account in the future studies to rule out potential 

confounding factors.

The current findings may as well depend on the task properties. 

Previously, a space-calorie association was formed (i.e., representing 

higher calories on the right side) when a single stimulus was presented 

and the task was based on categorizing the food stimulus as low/

high calorie (Manippa et al., 2020, Experiment 1). However, when 

two stimuli were presented simultaneously (Romero & Biswas 2016; 

Manippa et al., 2020, Experiment 4) and participants were asked to 

choose one out of the two options, the calorie-space association was 

replaced by the healthiness and space association as participants pri-

oritized healthiness over the calorie domain (i.e., formation of healthy 

food-left side association). This could indicate the role of task demands 

(i.e., processing single vs. multiple stimuli) and task-relevant dimen-

sions (judgment of the calorie level or choosing the healthier item) on 

the (lack of) formation of an association. In the present study, partici-

pants were presented with food stimuli pairs and were asked to make a 

forced choice among the two alternatives. However, we did not control 

whether participants performed the task by focusing on the healthiness 

aspect rather than the calorie level. Based on the results of Manippa 

et al. (2020), it may be possible that our participants prioritized the 

healthiness aspect of the presented stimuli over the calorie level. Such 

a pattern could explain the lack of the space-calorie association. Given 

the ambiguities on which aspect (healthiness or calorie level) was ex-

actly involved and the role of presentation format (single vs. multiple 

stimuli) on the results, different tasks could be implemented in the fu-

ture studies. On the other hand, one could also argue whether reaction 

time tasks are suitable to investigate the space-based representations 

(see Manippa et al., 2020, Experiment 3, where pleasantness of the food 

stimuli was investigated in a reaction time task and no association was 

formed between space and pleasantness).

Another critical factor is the difference in the ratings of the selected 

food stimuli on the arousal and valence parameters. In Experiments 1 

and 2, low calorie stimuli (59) had higher valence ratings than the high 

calorie stimuli (53.7), and high calorie stimuli (37) were more arousing 

than the low calorie stimuli (34.2, see also Table 1). The researchers 

who created the Food-pics database operationalized valence as the 

food item being repulsive (negative valence) or attractive (positive 

valence) for the participant. Arousal was operationalized as the level of 

the elicited emotional reaction by the presented stimulus (Blechert et 

al., 2019; Blechert et al., 2014). In Experiments 1 and 2, the selected low 

calorie stimuli were more attractive than the high calorie stimuli and 

somehow high calorie stimuli elicited stronger emotional reaction than 

the low calorie stimuli. Given the nonsystematic (or reversed) variance 

in the ratings of the low and high calorie stimuli, it is not possible to 

link the pattern in the current results to the differences in valence and 

arousal ratings. The selected culturally-familiar pictures (see the pilot 

study) varied in the aforementioned parameters. However, it should 

be noted that in Experiment 3, the selected images were matched on 

the arousal and valence parameters and the results again revealed 

the lack of an association between space and the calorie magnitude. 

Furthermore, and most importantly, palatability and craving ratings of 

the low and high calorie stimuli were matched in all experiments.

The final remark is on the participants’ implicit, culture-specific as-

sociations. In some cultures, like where this study was conducted, good 

and bad concepts are associated with right and left sides, respectively. 

Such implicit associations may prevent to form an association between 

low (good) calorie and high (bad) calorie items and left-right sides. In 

other words, implicit associations may prevent to associate low calorie 

items with the left side because although low calorie is the healthy op-

tion, it may go against the survival needs where low represents less. 

Supporting evidence on this claim comes from the body-specificity 

hypothesis, according to which individuals’ handedness and mental 

representation of positive and negative concepts are related. People as-

sociate good or positive concepts with the hemispace that their hand is 

dominant in (Casasanto, 2009). That is, right-handed people associate 

positive valence with the right hemispace and negative valence with the 

left hemispace. The reversed pattern is observed for left-handed peo-

ple (i.e., positive valence is associated with the left hemispace). Given 

that the vast majority of this study’s sample was right-handed, such an 

implicit mechanism could also have a role in the failed representations 

between space and the calorie magnitude.

In conclusion, based on the reaction time performance, our results 

revealed preliminary evidence on the lack of an association between 

low (high) calorie and left (right) space, unlike other SNARC-like ef-

fects observed in various domains. Future studies could further explore 

the representation of the calorie magnitude in space. 
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APPENDIX A

IDs of the Stimuli Used in the 
Present Study Taken from the 
Food-pics Database

Experiments 1 and 2 low-calorie stimuli:

186, 194, 196, 197, 198, 199, 200, 201, 202, 203, 204, 206, 208, 210, 215, 

216, 221, 222, 224, 241, 243, 246, 247, 249, 250, 251, 252, 253, 255, 256, 

257, 258, 259, 260, 263, 264, 265, 266, 267, 269, 270, 275, 276, 280, 281, 

282, 283, 284, 285, 288, 305, 321, 333, 335, 342, 356, 380, 382, 386, 389, 

391, 396, 398, 401, 407, 413, 429, 438, 453, 454, 528, 558, 560, 566, 567, 

761, 797, 832, 833, 868. 

Experiments 1 and 2 high-calorie stimuli:

1, 2, 4, 5, 6, 9, 12, 15, 16, 20, 22, 24, 25, 26, 29, 30, 32, 34, 38, 41, 42, 46, 

48, 49, 52, 57, 59, 61, 68, 75, 77, 79, 81, 83, 97, 101, 104, 105, 108, 111, 

113, 117, 123, 125, 130, 138, 140, 157, 158, 159, 162, 163, 166, 172, 174, 

188, 189, 287, 289, 290, 293, 295, 296, 302, 313, 363, 375, 387, 400, 421, 

484, 485, 488, 492, 510, 546, 565, 669, 810, 825. 

Experiment 3 low and high-calorie stimuli:

Low-calorie: 194, 221, 247, 249, 252, 257, 335, 360, 444, 446, 453, 458, 

468, 530, 569, 793. 

High-calorie: 9, 16, 18, 22, 30, 46, 61, 79, 87, 127, 138, 174, 290, 328, 

400, 510.      
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