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Abstract 

This study focuses on the perception of numerosity of item sets placed in retail displays. Previous studies have 

demonstrated that the item sets’ perceived numerosity decreases as the number of polygonal shapes placed in a 

panel behind a display increases. Such a result was explained by a non-spatial clustering phenomenon exerted by 

the shapes. Our research reveals the perceptual mechanisms underlying the described effect. Using an 

eye-tracking procedure, we highlight that upon augmenting the number of polygonal shapes in the 

decision-making context: (a) there is a significant decrease in the number of total fixations per display; (b) there 

is an underestimation of the perceived numerosity of item sets involved. The findings suggest that the mere 

presence of visual shapes can alter perception generating complex objects or ―super-items‖, which tend to 

perceptually replace entire item sets. We also propose managerial implications in terms of category management 

and merchandising. 
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1. Introduction 

The present study aims at analyzing the numerosity perception of item sets placed in retail displays. Previous 

research showed that the relative numerosity perception of item sets on a display decreases by increasing the 

number of polygonal shapes placed on a panel behind the same display (see Porcheddu and Pinna, 2015). This 

underestimation effect has been hypothesized as the creation of perceptual super-items that ―replaces‖ the item 

sets involved, however, we do not know what are the perceptual mechanisms underlying such an effect. Based 

on a lab experiment on eye-tracking, this research aims at empirically finding the existence of super-items, 

shedding light on the details of the perceptual process involved. In fact, although eye tracking procedures still 

represent a niche in consumer behavior studies, previous research has shown that eye tracking data provides 

reliable measures of attention to stimuli in complex scenes such as retail displays (Chandon et al., 2009). 

2. Literature Review 

Koesling and colleagues (2004) highlighted a phenomenon of numerosity underestimation concerning dot-like 

item sets provided with ―additional information‖ in terms of randomly arranged polygonal shapes. They 

explained their findings in terms of a ―masking effect‖: each polygon inserted into the decisional context 

perceptually ―replaced‖ the items located inside it, as if it was perceptually ―hiding‖ them. Consequently, the 

evaluation of the numerosity of the examined set with the polygons resulted inferior respect to the set without 

additional information. An extension of Koesling et al.’s analysis (2004; 1998) on the comparison of realistic sets 

of products on simulated retail displays has been recently proposed by Porcheddu and Pinna (2015). Per them, 

the placement of polygonal shapes inside the decisional field leads to the emergence of perceptual super-items 

that significantly influence the perception of numerosity. Using as a reference the experiments of Ponzo (1928), 

Porcheddu e Pinna (2015, p.373) extended their applicability to non-spatial clustering introducing the notion of 

―super-item‖ or ―higher level item‖. Ponzo had hypothesized a spatial clustering effect and the existence of a 

superior level group unit in which each single item ―loses‖ part of its individuality and independence to 

―congregate‖ into a (superior) collective entity (see Ponzo, 1928, pp.16-17). To illustrate the depressive effect, in 
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Figure 1 we show, by way of illustration, a hypothetical comparison between two sets of wine bottles. In the 

upper part of the Figure 1 there is a set of wine bottles arranged to form groups, while, at the bottom, bottles are 

arranged homogeneously along an imaginary line. Wine bottles arranged in clusters tend to appear less numerous 

than homogeneously distributed, even if this is not objectively true (in fact, the number of bottles is identical, as 

is the length of the segment on which they are arranged) (see. Saiu, 2017; Porcheddu and Massara, 2015). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The spatial clustering effect (Adaptated from Saiu, 2017) 

 

Porcheddu and Pinna (2015), using some of the experiments suggested by Koesling et al. (2004; 1998), observe 

that the agglomeration of items occurs because the items belong to (or are contained into) the same ―additional‖ 

structure (in this specific case a polygonal structure). Figure 2 shows how polygons can form a non-spatial 

agglomeration (i.e., not based on objective spatial distance) with respect to circumscribed dots. To exemplify, 

while the dots A and B are visually part of the same cluster, this does not happen for the dot C, although it is 

closer to B than A)1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. An example of non-spatial clustering (Adaptated from Koesling et al., 1998) 

 

                                                        
1 We can mention further non-spatial clustering mechanisms such as that based on the different color of the 

items (Redden and Hoch, 2009; Frith and Frith, 1972; Porcheddu and Pinna, 2015). 
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Although the above mentioned studies refer to a ―higher level unit‖ (Ponzo, 1928) and ―super-item‖ (Porcheddu 

and Pinna, 2015), respectively, the cited authors limited their studies to the perceptual ―conditioning‖ effects on 

the evaluation of relative numerosity presumably exerted by these entities, without producing any additional 

evidence. According to Goldberg and Kotval (1999), the number of fixations is positively correlated to the 

number of components/items processed by the observer. The potential reduction in fixation points, which may 

occur with the insertion of polygonal shapes, would suggest a simplification of the overall perception process 

and of the resulting enumeration task. Basically, it is as if visual perception would become more efficient or 

simplified thanks to the mere presence of visual material whose informativity is implicitly induced by the 

observer. On the other hand, when no simplifiers are introduced there should be a high number of visual 

fixations, implying that the decision maker should ―sample‖ from the visual display a high number of items to 

fulfil the assigned task (as if he/she was ―distracted‖ or ―limited‖ while carrying out his/her task, see Goldberg 

and Kotval, 1999). Basically, a lower number of fixations in a setting with polygonal shapes shows that the 

selective attention is at work synthetizing information. Due to this fact, the perception process becomes more 

efficient reducing the need for cognitive resources. The opposite, on the other hand, seems to occur in the case of 

patterns free from additional information. Thus, the mere presence of polygonal shapes seems to improve visual 

search efficiency (see Goldberg and Kotval, 1999; 1998; also Kotval and Goldberg, 1998), while the contrary 

happens in displays free from polygonal shapes. 

Based on the cited literature, the following hypothesis is formulated:  

Hp.1: given an approximate enumeration task of a comparative type set up for item sets having identical 

numerosity, the number of fixations involving each display tends to decrease with the increase of the 

number of polygonal shapes introduced in the visual context. 

Moreover, we expect results consistent with this empirical hypothesis: 

Hp.2: results expected in Hp1 are independent by the polygonal shape adopted. 

3. Materials and Methods 

One hundred and sixty university students were enrolled in the present study as volunteers2. Based on anamnesis, 

inclusion criteria were: 1) normal visual acuity (natural or o corrected by using corneal lenses); 2) no history of 

ophthalmological or neurological disorders. Once carried out the postural protocol and after having completed 

the procedure to set-up an eye-tracking device (Gazepoint® GP3)3, each subject was exposed to visual 

stimulation according to a free-viewing approach (Nicholls et al., 1999)4. Specifically, a 17.3ꞌꞌ HD+ antireflet 

1920x1080 pixels at 48 Hz portable monitor was placed on the desk, 100 cm away from the subjects. Each 

participant, from a sitting position, was asked to observe an image on the screen. Images were casually extracted 

from a database and showed a set of three retail displays placed side-by-side, partially completed, frontally seen 

and characterized by 5 shelves, where up to 200 items could be placed in total (see Figure 3)5. 

 

 

 

 

 

 

Figure 3. Example of the stimuli used during the experiment. 

                                                        
2 Considering the statistical test we run in our study, the necessary sample size to detect a medium effect size (at 

power=0.80 for α=0.05) is between 120 and 140 (see Clark-Carter, 2004, p. 603). 

3 Once the subject was seated in front of the monitor, as per best practice, we have begun the eye tracker’s 

calibration procedure. For each subject, the calibration session is different; the device adapts to the participant’s 

face morphological features and peripheral organs of sight. 

4 According to this approach, the same stimulus jointly involves both participant’s visual hemifields and 

therefore affects both his/her cerebral hemispheres (Porcheddu et al., 2011). 

5 We created a set of 160 high resolution coloured images, with size 1920×1080 pixels, 2540 dpi resolution, 

through the support of the graphic design software (3-D Google Sketchup Pro, version 8.0). All the images were 

subsequently rendered. 
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In Figure 3, the number of polygons placed on the back panel increases from left to right.  

In order to ensure that displays had an elevated similarity to real life, we showed images of UHT milk cartons 

with the packaging of five brands really existing on the market, placed on the shelves according a horizontal 

―brand blocking‖ logic (Young, 2005). Figure 4 shows in detail one of the images used during our study. An 

elevated degree of similarity to real products can be noticed. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. A close-up view of one of the images used during the experiment 

 

The three displays were characterized by the same degree of ―incompleteness‖ (equal to the 20% of the total 

products that potentially could be stocked) and by a randomized distribution of items on the shelves. Visual 

stimuli resulted from the a computer application based on Java. We first generated 10 casual vectors consisting 

of 160 numbers each; in fact, the number of products placed on each display had to be equal to 160, having 

selected an incompleteness degree of 20% on a total of 200 products that could potentially fill up the shelves. 

The use of random vectors and, therefore, of random empty shelf positions on the displays, was functional to 

randomly distribute possible effects deriving from the qualitative characteristics of the distribution of the missing 

items (Akin e Chase, 1977). Going into more detail, the casual vectors had the following characteristics: 1) 

numbers inside the series were positive integers different between each other; 2) their value was included 

between 1 and 200 and univocally expressed a specific position – along the vertical/horizontal dimension – 

inside the display where the item was going to be placed. From each casual vector were obtained: 1) a display 

without any additional information on the panel behind the shelves; 2) a display with a panel characterized by 

the placement of two rectangles or two rhombuses; 3) a display with four polygons having total sizes identical to 

the rectangles/rhombuses of the previous configuration. Based on this system, 30 different displays were created, 

grouped in 3 different families: 10 displays without polygonal shapes; 10 displays with two shapes (i.e. displays 

showing two rectangles/rhombuses); 10 displays with four shapes (i.e. displays with four rectangles/rhombuses 

placed on the panel at the back of the display). Starting with these 30 displays, we generated an elevated number 

of combinations of displays in sets of three. More precisely, one hundred and sixty stimuli were created: a set of 

80 images contained additional information in the form of rectangles, the remaining 80 images had rhomboid 

stimuli. We carefully selected the display from each family, avoiding that two or more displays were derived 

from the same casual vector. Each group of three displays was formed by displays having the following 

characteristics: 1) one did not show any additional information; 2) one was characterized by polygonal forms 

placed on the panel at the back (two rectangles or two rhombuses); and, 3) one display was characterized by four 

rectangles (or rhombuses). The position of the three displays relative to the observer was also randomized. Each 

visual stimulus persisted on the screen for 30 seconds and the fixation points pattern was recorded by the 

eye-tracker (see in Figure 5 the output of one of the individual sessions). Each participant’s task was to rank, 

without counting the number of items, the three-displays based on the ascending order of items located on 

shelves, thus starting from the display which was believed to contain the lower number of items. 

The order based on relative numerosity was verbally communicated to the supervisor and it was meant to involve 

all items on each display. 
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Figure 5. A combined three-display set showing rhombus-shaped additional information and relative fixation 

map recorded during one of the individual experimental sessions 

 

Statistical analysis was performed through a two-factor mixed factorial ANOVA. The experimental design was: 

POLYGONS×SHAPE. In detail, POLYGONS (i.e., Polygons Quantity) as within-subjects factor, based on three 

levels: 1) no polygons; 2) two polygons; 3) four polygons; while, SHAPE (i.e., Type of Polygonal Shape) as 

between-subjects factor, indicated by the polygonal-shape used. Shape was varied using: 1) rectangular polygons 

for half of the experimental sample; 2) rhomboidal polygons for the rest of the sample. 

4. Results 

One hundred and sixty subjects (equally distributed between the genders) (total mean age=24.58 years; SD=5.69) 

were enrolled into the study. 

R1: The inferential analysis on distribution of fixation points on displays, based on a two-factor mixed ANOVA, 

highlighted that the POLYGONS factor is significant beyond 0.01 [F(2, 316)=76.896; p<0.01; partial η2=.327, i.e. 

a large effect (see Cohen, 1988)]. Conversely, the SHAPE factor is not significant [F(1, 158)=0.010; ns]. 

Likewise, the POLYGONS×SHAPE interaction was not statistically significant [F(2, 316)=0.387; ns]. The post 

hoc tests on POLYGONS, based on the Bonferroni method, highlighted statistically significant differences in any 

pairwise comparisons. Specifically, it has been observed: a) a significant reduction of the average number of 

fixations recorded respect to the four polygons conditions, both respect to two polygons (p<0.001) and in the 

context free of polygonal shapes (p<0.001); b) a significant decrease of the average number of fixations recorded 

in the two polygonal shapes respect to the context free from polygonal shapes (p<0.001). 

R2: We carried out a non-parametric statistical analysis on the explicit ranking formulated by participants in 

terms of ascending relative numerosity of items displayed on the compared displays. Specifically, the null 

hypothesis on equality of mean ranks associated to the three levels of polygonal shapes (4, 2 and 0) has been 

rejected based on a Page’s Ordered Alternative Test (Page, 1963; Sawilowsky and Fahoome, 2005; Gibbons and 

Chakraborti, 2003). The alternative hypothesis was the descending monotonic tendency of central trends (in this 

case: the mean ranks) while increasing the amount of polygons placed in the visual display [L=2058; p<0.01; 

effect size measure (i.e. standardized L; cf. Peng and Chen, 2015): Ls=7.71; 95% CI for Standardized 

L=7.71±1.96=(5.75, 9.67)]. 

5. Discussion 

R1 results are consistent with H1 and H2 formulated in section 3: the number of fixations by observer tends to 

decrease with the increase in the amount of polygonal shapes placed into the visual context and this result is 

independent by the type of shape on the display. 

The lower number of fixations in contexts characterized by the presence of polygonal shapes supports the idea 
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that the selective visual attention performs a non-spatial clustering process (as mentioned into section 2 above) 

creating ―super-items‖. Due to this fact, visual search seems to be more efficient. The opposite seems to occur in 

the case of patterns/displays free of polygonal shapes.  

The ―simplification‖ that occurs during the visual stimulation tested by the present study empirically 

demonstrate the existence of super-items, or non-spatial clusters, ―enclosed‖ within the polygonal shapes that we 

used as additional information in the experimental setting. The results lend support to the reduced perceived 

numerosity of item sets placed on displays, when the amount of polygonal shapes introduced into the visual 

setting increases. This result had already been reported in the literature (see Porcheddu and Pinna, 2015) and it is 

here confirmed by the analysis of ―explicit‖ ranking generated during our experiment (see above R2 results). 

6. Managerial Implications 

We reckon that the results shown above provide a better understanding of a perceptual phenomenon that has 

several managerial implications for merchandising and category management.  

Our findings highlight that perception of items stocked on supermarket shelves can be ―conditioned‖ through the 

introduction of polygonal shapes on the display. The mere presence of such shapes generates a grouping illusion 

of the items enclosed within the boundaries of the shape. We also find that the effect increases with the number 

of polygons introduced in the display.  

It should be noted that, in the retailing field, the polygonal figures such as those used in this study can be 

classified in the ―universe‖ of POP material (Buttle, 1984). 

The polygonal figures could, therefore, be placed in correspondence of a set of items to reduce their perceived 

numerosity, compared to neighboring item sets, with the likely result to produce a shelf-based scarcity effect 

promoting their sales. In effect, as it has already been highlighted by the shelf-based scarcity literature, through 

laboratory and field experiments (see Usai et al., 2018; Hatton-Jones et al., 2017; Robinson et al., 2016; Massara 

et al., 2014; Porcheddu, 2013; Parker and Lehmann, 2011; van Herpen et al., 2009; Razzouk et al., 2002), there 

is a link between shelf-based scarcity and consumer preferences. The studies just mentioned have shown that 

customers tend to choose products characterized by a greater relative shelf-scarcity (i.e. relatively less numerous 

items). The phenomenon is explained by referring mainly to the so-called Bandwagon Effect Theory (Corneo 

and Jeanne, 1997), which postulates that, in certain conditions, people purchase products by letting themselves 

be guided by the other clients’ preferences. These preferences may result from peer observation at the point of 

purchase (Baxendale et al., 2015) or they can be inferred by the choices of other customers traced on the basis of 

empty shelf-positions on the displays.  

Therefore, retailers could use the polygonal shapes to increase the sales of one subcategory compared to the 

others, and, within a subcategory, to increase the sales of some brands respect to others. Presumably retailers 

could use the super-item logic to benefit private labels over national brands. 

7. Limitations and Suggestions for Future Research 

In this study, we show that perception of numerosity may be altered by mere presence of visual material, providing 

solid evidence with eye-tracking data that the number of fixations diminishes as the amount of additional visual 

information – in terms of polygonal shapes – on a display increases. While the finding per se is interesting, it says 

nothing respect to the effects that it may have on the final choice, therefore whether the mentioned shelf-based 

scarcity effect may truly occur, is for the moment just a speculation. Additional studies may investigate outcome 

variables such as choice and satisfaction with choice, which have already been investigated in mere effects 

literature concerning the perception of grouping and categories (Molginer et al., 2008). 

We cannot exclude the possibility that the experimental nature of our research and the lack of representativeness 

of the sample with respect to the entirety of those who everyday makes use of modern retail outlets, reduce the 

external validity of the results. 

Future research using more representative samples could support the robustness of our results in more realistic 

laboratory situations, or even in real stores. 

8. Ethical Aspects 

There was no financial interest whatsoever in any material used or result obtained in this research. We did not 

appeal the local Bioethics committee since the experiments involved healthy subjects in non-invasive procedures. 

All participants received detailed information and gave written consent for participation in the experiment in 

accordance with the declaration of Helsinki (see e.g. World Medical Association, 2015). No compensation was 

offered to the subjects. From an ethical point of view, we suggest that retailers may explicitly indicate the use of 
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additional information as in our study (in fact, only a negligible number of participants – overall less than 5% – 

reported verbally, at the end of the experimental task, the presence of the polygonal figures placed behind the 

items). 
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