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Abstract
Shelf perception is vital for both manufacturers and retailers, as they attempt to satisfy consumer needs and to 

optimize their profits. On the other hand, consumers have to deal with a vast number of products offered in a modern 
supermarket and might be confronted with difficulties accomplishing their choice of products. This paper focuses on 
customer perspective and aims to gain further insights and a profound understanding of on-shelf merchandising, espe-
cially visual attention, visual perceptions, and purchase intention of products positioned on the supermarket shelves. 
After providing an overview of the extant literature, this article reports on four empirical studies: a lab study using a 
stationary eye tracker, a lab study and field studies in supermarkets of two different retail chains, all using a mobile 
eye tracker. The research agenda deals with perceptions of horizontal and vertical shelf positions, the “eye level is buy 
level” theory, and the number of shelf facings. We also consider the impact of walking direction on shelf perception. 
The combination of different research settings and different measurement instruments corroborates the external and 
internal validity of the findings, which are relevant for theory and practice. 
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Resumen
La percepción de la estantería es vital tanto para los fabricantes como para los minoristas, ya que intentan satisfa-

cer las necesidades de los consumidores y optimizar sus ganancias. Por otra parte, los consumidores tienen que lidiar 
con una gran cantidad de productos que se ofrecen en un supermercado moderno y pueden enfrentarse a dificulta-
des para lograr la elección de sus productos. Este estudio se centra en la perspectiva del cliente y tiene como obje-
tivo obtener más conocimientos y una comprensión profunda de la comercialización en los estantes, especialmente 
en la atención visual, las percepciones visuales y la intención de compra de los productos colocados en los estantes de 
los supermercados. Después de proporcionar una descripción general de la literatura existente, este artículo informa 
sobre cuatro estudios empíricos: un estudio de laboratorio con un rastreador ocular fijo, un estudio de laboratorio y 
estudios de campo en supermercados de dos cadenas minoristas diferentes, todos con un rastreador ocular móvil. La 
agenda de investigación se ocupa de las percepciones de las posiciones de los estantes horizontales y verticales, la 
teoría de que “el nivel de los ojos es el nivel de compra” y el número de niveles el de los estantes. También conside-
ramos el impacto de la dirección de la marcha en la percepción de la plataforma. La combinación de diferentes esce-
narios de investigación y diferentes instrumentos de medición corrobora la validez externa e interna de los hallazgos, 
que son relevantes para la teoría y la práctical.

Palabras clave: percepción de los estantes, seguimiento ocular, atención visual, estantes de los supermercados, 
posiciones de los estantes, niveles de los estantes
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Introduction
In retailing, one of many challenges sellers and man-
ufacturers face is the allocation of shelf space. Both, 
retailers and manufacturers must ensure that their mer-
chandise is noticed and consequently purchased, or as 
Wedel and Pieters (2008, p. 2) put it, “Seeing is believ-
ing and believing is buying”. Their objectives, however, 
do not coincide. Manufacturers’ goals are to maximize 
sales and profits of their specific products; they strive 
for favourable and sufficient shelf-space for their own 
brands. Retailers, contrariwise, maximize category sales 
and profits (independently of individual brands) and, 
therefore, try to optimize the allocation of shelf space 
across the entire assortment. Merchants need to arrange 
products and product categories in a way that attracts the 
consumers’ attention and encourages them to purchase 
plenty and frequently (Kastner, 2019). 

There is a long tradition of literature dealing with this 
topic (e.g., Frank & Massy, 1970), but interest greatly 
increased at the beginning of the 21st century, with spe-
cial interest conferences, technological development of 
eye tracking devices, and the publication of Wedel and 
Pieters’ (2008) book on visual marketing. However, with 
respect to shelf perception studies (mainly based on sur-
vey or sales data), inconclusive or contradictory findings 
have been reported. The seminal paper of Chandon et al. 
(2009) used stationary eye tracking and introduced this 
technology to research shelf allocation in a laboratory 
setting. However, there were two shortcomings: first, 
restricting the analysis to a stationary setting neglects 
the dynamic component and, thus, potential differences 
when shoppers are walking around within the store; sec-
ond, a laboratory setting might overemphasize experi-
mental conditions, which somewhat limits the external 
validity of the findings.

This research builds on the conclusions of Chandon et 
al. (2009), but aims to incorporate shoppers’ movement 
and dynamic viewing patterns. In addition, we attempt to 
increase the external validity by conducting field stud-
ies. We investigate the effects of both a product’s posi-
tion on the shelf (with respect to top, eye, touch or bottom 
level, and left, centre, or right location) and its number 
of facings1 on shoppers’ visual attention, perception, and 
purchase intention; importantly, we account for walk-
ing direction (i.e., whether the customer approaches the 
shelf from the left or right side). In line with Chandon et 
al. (2009), we concentrate on the customer perspective 

1 Some literature refers to facings as the shelf space assigned to a 
stock keeping unit (abbreviated as SKU in the sequel); the latter 
also depends inherently on the size of the product, which varies 
greatly across and within product categories.

of shelving and draw upon consumer-specific success 
measures (i.e., data provided by means of eye track-
ing). Of course, there is another stream of the literature 
that emphasizes the retailer’s perspective, concentrating 
on data such as sales, inventory, and category manage-
ment, but this is beyond the scope of this study. Thus, this 
paper intends to contribute to consumer behaviour litera-
ture on retailing and shelf perception by providing further 
insights into this highly relevant topic.

The next section provides a brief overview of the rele-
vant literature and develops two research questions. Sec-
tion Method reports on the design of two laboratory and 
two field studies; a stationary eye tracker collects data 
for Lab Study I, and a mobile eye tracker is used in the 
other studies. Section Result presents the empirical find-
ings achieved, and the last section concludes this paper 
by providing a summary of the contribution, limitations, 
and directions for future research.

Theoretical Background and Research Questions
In retailing, it is a matter of common knowledge that 
large assortments of products enable consumers to take 
into consideration potential benefits. Due to the essen-
tial heterogeneity across individual preferences, offer-
ing a wide range of products to consumers is preferred; 
thus, large assortments are utilized to target consumers 
with various tastes and circumstances (Mantrala et al., 
2009). Today, time is money, and people have less of it to 
spend on shopping, so large assortments entail a shorter 
shopping time and enable customers to compare all the 
products more easily and directly (Hutchinson, 2005). 
However, large assortments can also lead to ‘too many 
choices’ and in turn, consumers may perceive them neg-
atively, thereby creating dissatisfaction (Mantrala et al., 
2009). Generally speaking, efficient space allocation has 
an impact on perceptibility, demand, profitability of cer-
tain goods and diverse costs (Zufryden, 1986).

Attention, Perception, Behaviour 
A plethora of drivers is relevant for consumer perceptions 
on retail shelves (Chandon, Hutchinson & Young, 2002). 
This study, however, follows the reasoning of Chan-
don et al. (2009), and focuses on attention-based factors 
(i.e., shelf position and number of facings). These fac-
tors aim to catch shoppers’ in-store visual attention and 
to provide a “visual lift” for the merchandise presented in 
today’s cluttered retail environments. Milosavljevic and 
Cerf (2008, p. 387) state that “attention serves as a pro-
cessing bottleneck” because humans can never focus on 
everything that is presented and, therefore, most of the  
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information – in particular, in low involvement situations 
like grocery shopping – remains unprocessed. 

The literature distinguishes between two types of 
attention: bottom-up versus top-down. Bottom-up atten-
tion is rooted in evolutionary development and works 
both “automatically and unconsciously” (Berger, Wag-
ner & Schwand, 2012, p. 412). Bottom-up attention is 
generally considered to be active primarily at the begin-
ning of a new task. Top-down attention operates goal-di-
rected, depending on the task at hand. In the context of a 
supermarket, a consumer adhering to a shopping list will 
skip many shelves because she/he knows that the needed 
products will not be found there. Kroeber-Riel and Gröp-
pel-Klein (2019) classify this as selective attention. 

Having caught (visual) attention, some information 
might be selected and further cognitively processed; i.e., 
after their sensation perception recognizes, organizes, 
and makes sense of these stimuli. During this process, 
humans might (visually) examine these stimuli more 
thoroughly. Again, deeper selection processes will dis-
card unnecessary information, but they might also induce 
behavioural consequences (i.e., for the given context, 
whether or not the product perceived should be included 
in the consideration set for purchases) (van Nierop et al., 
2010, p. 63). Choosing one of the products in the consid-
eration set, in turn, serves as a proxy for actual purchase 
(Chandon et al., 2009).

Shelf Positioning of Products 
According to retail theory, merchandise presentation is 
classified into two basic types: ‘on-shelf merchandis-
ing’ and ‘visual merchandising’ (Dunne, Lusch & Carver, 
2014; Newman & Cullen, 2002). The former refers to 
the products displayed on supermarket shelves, racks or 
counters throughout a store in order to boost sales and 
profits, while the latter focuses strongly on the visual mer-
chandise that surround these such as the way the store is 
decorated to produce an overall feeling or atmosphere 
that facilitates purchases. In particular, shelving within 
‘on-shelf merchandising’ is the main focus in this research. 
Indeed, the way retailers arrange the shelf displays sends a 
message about the store image, and in turn, affects buying 
behaviour at POP (Newman & Cullen, 2002). 

Campo and Gijsbrechts (2005) identify several key 
issues for research in the area of category management, 
in particular shelf layout (i.e., the vertical and horizon-
tal position of products on the shelves). Valenzuela et al. 
(2013) discover that, at least to some extent, customers 
have certain expectations about shelf positioning: they 
anticipate products of high quality to be located on higher 
levels, but cheaper products (and heavy items) on lower 

levels; popular (and store) brands would be placed in the 
centre of the shelf 2. However, in practice, these expecta-
tions materialize to only a limited extent. 

It is common practice to distinguish between four ver-
tical shelf zones (cf. Figure 3). The top level (also called 
stretch level, approximately above 6 ft.) is regarded as less 
valuable and even omitted in spacious stores. According 
to Dréze et al. (1994), eye level (4-5 ft.3) receives the most 
attention (cf. the adage “eye level is buy level”). Touch 
level (3-4 ft.) is located approximately at the shoppers’ 
chest to waist height. Sigurdsson et al. (2009) found pos-
itive effects for products located on middle shelves (eye 
and touch level). The need to bend down to take some-
thing located at the bottom level (below 3 ft.) is presumed 
to have detrimental consequences on shoppers’ demand.

Feria (2008, p. 1192), a psychologist, states that a cen-
tre bias is “a pervasive phenomenon in visual perception”, 
which should also be valid for shelf spacing. Given this 
dominance, however, it is still interesting whether differ-
ences emerge for horizontal locations (i.e., left or right 
from the centre). Hansen et al. (2010, p. 95) argue that 
there is an advantage for products on the left since people 
tend to “…read shelves from left to right”. The fact that 
the left visual field is initially processed in the right hemi-
sphere of the brain and, thus, allows for a more holistic 
view (Janiszewski, 1990) supports the benefit of the left 
side. The superiority of the centre and the left-hand side 
of the shelf holds if the shopper stands directly in front 
of the shelf. A lot, however, seems to depend on which 
direction customers approach the shelf. Gröppel-Klein 
and Bartmann (2009) conducted empirical studies in two 
discount grocery stores with an identical assortment and 
identical prices, one guiding customers in a clockwise 
direction and the other in a counter-clockwise direction. 
These authors report a significant influence of walking 
direction on success measures (in particular, the forma-
tion of accurate mental maps). To date, research dealing 
with the interaction of walking direction and shelf per-
ception has received little attention.

The Number of Shelf Facings 
Refers to a measure of products exposed to subjects (Fol-
well & Moberg, 1993). Consumers’ attention tends to be 
caught more when the number of facings for the goods is 

2 Retailers frequently use software for shelving and a common rule-
of-thumb bases shelving decisions on respective market shares 
or profit margins; money-spinners are placed in the centre of the 
shelf, which then matches with the customers’ expectations.

3 This numerical specification is an approximation only. In fact, the 
eye level of a person depends on her/his distance from the shelf 
and her/his body height. 
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higher; thus, sales and impulse shopping can be stimu-
lated by increasing the number of facings of the objects. 
In general, the greater the number of shelf facings of a 
stock keeping unit (SKU), the greater the probability of 
shoppers paying attention to it; and as a result, more pur-
chases are made (Chandon et al., 2009; Mantrala et al., 
2009; Oppewal & Koelemeijer, 2005; Wedel & Pieters, 
2006). In terms of assortment evaluations, individuals 
pay more attention to large assortment sizes of available 
and favourite products (Amine & Cadenat, 2003).

Research Gap 
Extending on Kastner’s (2019) literature review Appen-
dix A reports on shelf-related research: 43 papers are 
listed in a chronological order with corresponding 
research objectives, empirical aspects and key findings. 
This facilitates detecting research progress over time, 
starting from the analysis of rather basic relationships 
between shelf assortment and sales, to more detailed 
investigations of shelf assortment on buyers’ choices, and 
finally quite fine-tuned explorations of shelf assortment 
on behavioural aspects like consumers’ attention and per-
ception4. For convenience, Table 1 provides a summary 
of these papers, and distinguishes between the design 
of the empirical studies, type of data collected, investi-
gated marketing stimuli, and research objectives. About 
44% of the studies collected relevant sales or survey data  
(second column of Table 1), the other 56% more recent 
studies employed eye tracking or video equipment. 

Overall, empirical evidence, as reported in the litera-
ture, is inconsistent, especially with respect to the impact 
of shelf positions and the number of shelf facings. This 
might be due to different research objectives (retailer  
versus consumer perspective), different data sources, or 
different product categories analysed. Also, the research 
settings varied (e.g., sales and survey data were col-
lected in the field, while eye tracking data was collected 
in the lab). Therefore, we decided to take a closer look 
at the impact of shelf positioning and the number of fac-
ings from a shopper perspective and pose the following 
research questions:

RQ1: What are the effects of the horizontal and ver-
tical shelf positions on generated attention, per-
ception, and purchase intention when accounting 
for walking direction and product category?

RQ2: What are the effects of the number of facings on 
generated attention, perception, and purchase 
intention when accounting for product category?

4 Some authors assign this kind of research to neuromarketing.

Figure 1 graphically displays the conceptual research 
model. The centre box represents the success variables 
analysed (predominantly measured by means of eye 
tracking). The left and right parts of Figure 1 denote RQ1 
and RQ2 and the analysed triggers on the success vari-
ables. The four successive rectangles indicate that we 
conducted four empirical studies.

Method

Design of the Studies 
The design of the studies followed the conceptual 
research model represented in Figure 1; we applied 3 
× 2 mixed experimental designs. The first within-sub-
jects factor referred to is the product category. Somewhat 
replicating the study of Chandon et al. (2009), we first 

Table 1. Summary of Shelf-related Research Papers

Method (1)
Using eye tracking

no yes

Field experiment or field study 7 9

Laboratory experiment 9 15

Observation 6 1

Type of data collected (1)

Interview/questionnaire 8 9

Items bought 1 1

Sales data 9 0

Mobile eye tracking 0 6

Stationary eye tracking 0 15

Video camera 1 5

Investigated marketing stimuli (1)

Brand 4 5

Product 8 8

Shelf design 2 8

Shelf facings 3 1

Shelf position 8 9

Shelf space 4 1

Shopping time 0 1

Research objectives (1)

(Visual) Attention & perception 3 17

Choice 3 11

Orientation behaviour 2 1
Relationships between shelf factors and consumer 
behaviour 2 10

Relationships between shelf factors and sales 9 2

Total number of papers included 19 24

(1) Some researchers conducted several studies, collected different types of 
data, investigated several marketing stimuli, and pursued several research 
objectives. Therefore, numbers do not add up to column sum.
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decided to investigate grocery retailing because shelving 
is an important aspect for supermarkets. To allow for neat 
spacing, we searched for product categories with fairly 
similar shapes and sizes. Moreover, respondents should 
be familiar with the packaging so that they could easily 
recognize them. Finally, there should be a sufficient vari-
ety of different brands or flavours available to replenish 
a whole shelf 5. Therefore, boxed tea, cereals, and crisps 
were chosen for these studies.

The second between-subjects factor refers to the 
walking direction (respondents were randomly assigned 
to either approach a shelf from the left or the right-hand 
side)6. Subjects were asked to carry out a shopping task 
for all three product categories and to put one item in the 
shopping basket.

Experimental Stimuli 
A preliminary study designed and tested the planograms 
used here (Zimprich, 2013). A planogram characterizes 
a graphic schema of a shelf layout relating to the exact 
location of the merchandise and the number of shelf fac-
ings per SKU (Dunne, Lusch & Carver, 2014). Figure 3 
presents the realization of the planogram for boxed tea. 
Given the fixed size of a typical retail shelf, the num-
ber of SKUs to be displayed depends on the size of the 

5 For this reason, we abstained from choosing the same product cat-
egories as Chandon et al. (2009); i.e., soap and pain reliever.

6 As an example, we refer to Figure 2. Respondents either started 
with the shelf located in the background (i.e., the crisps shelf) and 
proceeded clockwise, or started with the cereals shelf and pro-
ceeded counter-clockwise.

packages. Accounting for this constraint, we attempted 
to vary the number of facings across SKUs when design-
ing planograms. In addition, multiple facings of the 
same SKU were placed next to each other on the same 
shelf board (or in some cases, on adjacent vertical shelf 
boards). Except for minor modifications, the planograms 
for each product category are identical across all studies. 

Planogram for Boxed Tea
The size of the packaging for tea allowed for eight shelf 
boards (two packages could be stacked) and six packages  
per board; thus, in sum, a total of 96 tea packages were 
displayed (cf. Figure 3). Given that the cooperating 
supermarkets offered 24 different SKUs of boxed tea, the 
number of facings could vary (2, 4, 6, or 8). According 
to van der Lans et al. (2008), similar products should be 
arranged in vertical blocks and, therefore, the tea plano-
gram displayed similar flavours of tea in horizontal posi-
tions (e.g., fruit tea on the left side, see Appendix B for 
details). Respecting these constraints, positions for SKUs 
were otherwise assigned randomly.

Planogram for Cereals 
The physical size of the shelf and the product packages 
resulted in 25 slots overall (i.e., five shelf boards and five 
packages per board). This allowed for variations between 
one, two or three facings allocated to 12 different types of 
cereals of the same brand. Apart from that, arrangement 
and final selection resembled the approach for boxed tea.

Figure 1. Conceptual Research Model
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Planogram for crisps
There were six shelf boards and six packages per board 
in this case, and the six available brands fitted nicely into 
this space (i.e., random assignment of each brand to a 
certain board). The flavour of crisps (i.e., salty versus  
peppered) was considered an important attribute that 
induced horizontal arrangement (either left or right side). 
The number of facings (i.e., three) was held constant for 
all 12 SKUs7.

Measurement 
As a special feature, this research used an observational 
method (eye tracking) for measuring most of the vari-

7 Further details on the design of the planograms for all three prod-
uct categories are available upon request from the corresponding 
author.

ables of interest. As outlined in As outlined in previous 
section, we distinguished between attention, percep-
tion, and behaviour, and determined these variables with 
respect to areas of interest (AOIs). For the present inves-
tigation, AOIs were defined such that they comprised the 
same SKUs for all product categories. In Figure 3, areas 
surrounded by dashed white rectangles represent exam-
ples for AOIs for three different SKUs with four or eight 
facings. Eye tracking recorded whether, and if so, for 
how long and in which succession, a participant gazed at 
a particular AOI.

Similar to Chandon et al. (2009), the duration of the 
first fixation measured attention for an AOI (in millisec-
onds, ms). Perception, i.e., further cognitive processing of 
information gazed at before, is quantified by (i) number 
of fixations within an AOI, and (ii) dwell time, the dura-
tion of all fixations and saccades within an AOI (in ms). 
This implied that the first term dealt with the question 
of how often and the second term focused on how long 
a participant looked at a specific AOI (SMI, 2014). The 
shopping task instructions asked subjects to visit the three 
shelves and to put the product of each product category  
into the shopping basket, which they intend to purchase. 
This allowed us to approximate purchase intention.

Figure 2. Shelf Arrangement in Field Study I Figure 3. Tea Shelf Used in Field Study I  
(Dashed White Rectangles Mark AOIs)
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For subsequent analysis, these variables accumulated 
at an individual level were aggregated over the experi-
mental groups (i.e., subjects exposed to a certain shelf), 
resulting in ‘average duration of the first fixation for 
an AOI’, ‘average number of fixations within an AOI’, 
‘average dwell time within an AOI’, and ‘average pur-
chase intention (for an SKU which resembles an AOI8)’. 

These different types of measurement require syn-
chronized analyses. For attention and perception (based 
on eye movements), please note that our research ques-
tions refer to shelf positions or walking direction in  
general, but not to consumer specific patterns. Therefore, 
we feel that aggregating individual level data is justified. 
Potential differences should even out because of sufficient 
sample sizes. As a further and more important substanti-
ation, respondents were looking at shelves, which were 
definitively unknown to them (because all three shelves 
had been designed just for our experiments). In this case, 
subjects’ characteristics, like familiarity with the prod-
uct category, did not matter9 and will not be accounted 
for subsequently. For purchase intention (based on  
products put in shopping baskets), however, product 
familiarity might have played a role. Therefore, when 
analysing purchase intention product familiarity will be 
considered.

Different Store Environment Settings 
Safeguarding against isolated findings from a single study 
that might be subject to the specific environmental con-
dition, a series of four different studies were conducted. 
We started with Lab Study I, which closely followed 
the design of Chandon et al. (2009). Respondents were  
sitting in front of a computer screen and were exposed 
to the experimental stimuli described previously10. A sta-
tionary eye tracking device recorded their eye move-
ments. Adding external validity, but still controlling for 
external influences, Lab Study II assembled three super-
market shelves within a laboratory. These shelves were 
filled with boxed tea, cereals, and crisps, as described 
above. Access to the shelves could be modified, in order 

8 At the individual level, purchase intention is a binary variable, at 
the aggregate level it is interpreted as the percentage of consumers 
who would buy this SKU.

9 The questionnaire asked for product familiarity, demographics 
and some other characteristics. In separate analyses, we did not 
identify striking differences with respect to these variables and 
reasons of practicability did not warrant the inclusion of these data 
in our models (1) or (2).

10 There are two exceptions for Lab Study I: First, there was only 
one group because walking direction could not be manipulated 
within this setting. Second, rather than putting products into the 
shopping basket, respondents communicated purchase intention 
verbally. 

to manipulate a clockwise or counter-clockwise walk-
ing direction. Participants wearing a mobile eye tracking 
device received a shopping basket, were asked to com-
plete a shopping task, and were instructed from which 
side to enter the simulated aisle. The design of the Field 
Studies I and II was identical to Lab Study II, but these 
were conducted in real shopping environments (i.e., one 
store of two different grocery chains each11). Data collec-
tion for the field studies took place on weekdays during 
two subsequent weeks, separately for each study. 

In none of the four studies subjects received mone-
tary compensation for participation. However, we offered 
goodies or product vouchers as an incentive. For the field 
studies, some shoppers volunteered to participate out of 
curiosity (testing the eye tracker). 

The stationary eye tracker allowed us to specify AOIs 
a priori, and variables of interest were calculated using 
computer software. The mobile eye tracker did not offer 
this feature, and, therefore, AOIs had to be coded manu-
ally. This was quite a laborious task because, on average, 
subjects needed between 11 and 32 seconds to com-
plete the shopping task of one product category (which 
required about 45 to 90 minutes per shelf and respondent 
for coding).

Sample Compositions 
Participants of all studies were blind to the research pur-
pose, but were debriefed at the end of their task. The lab 
was located within the premises of a university in a Euro-
pean capital and, therefore, samples were mainly made 
up of academic employees and students. The shops were 
located in two different malls in the same city, and par-
ticipants were recruited outside the supermarkets, i.e., 
they qualified for the studies by being typical shoppers. 
At the beginning of all studies, each subject had to indi-
vidually undergo a calibration process in order to be able 
to participate in the experiment, regardless of whether we 
were using stationary or mobile eye tracking. The cali-
bration process is fundamental for high quality data col-
lection. The data quality (i.e. accuracy and precision of 
an eye tracker) was checked for all studies. In doing so, 
we had to eliminate much of the eye tracking data due to 
extremely bad data quality or data loss. Data cleansing 
resulted in the sample compositions (with respect to sizes 
and demographics), as described in Table 2.

On average, the time required for executing the shop-
ping task was somewhat shorter within the more familiar  

11 Product assortment varied between competing supermarkets. This 
required minor adjustments of the planograms for Field Study II 
in order to present only products, which are available in this par-
ticular store.
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environment of a store (rather than a lab), but quite similar 
otherwise (cf. middle part of Table 2). Given the greater 
variety on the shelf for boxed tea, it seems plausible that 
a longer duration was needed for the shopping task. The 
lower part of Table 2 presents the means of our success 
variables for each study. Patterns are similar; since there 
are more AOIs for tea, an “average tea AOI” is smaller 
than an “average cereal or crisp AOI” which results in 
somewhat longer first fixation durations and dwell times 
for tea required to grasp the relevant information. Higher 
purchase intentions in Lab Study I might be due to a test-
ing effect.

Results

Data Analysis 
Because of its widespread use in academia and practice, 
we chose the SCAN*PRO model (Wittink et al., 1988) 
for data analysis. Below, we describe how we adopted 
SCAN*PRO to fit the current application.

For each study l (l = Lab Study I, Lab Study II, Field 
Study I, Field Study II) data were collected with sample 

size nl (nl = 47, 40, 19, 38) (cf. Table 2) and the following 
steps were carried out12:

A) Preparation of stimuli, i.e., planograms (shelf 
arrangement) for each product category s, (s = tea, 
cereals, crisps), Cs ∈{ }0 1, , dummy variables reflect-
ing product categories and determination of

• the number Is of SKUs i presented in the shelf, 
(Is = 24, 12, 12) (cf. Method );

• the number of facings Fis per SKU i, Fis ∈{ }1 8, ..., ;

• the horizontal position Hiks of the SKU, 
(k = left, centre, right) (cf. Figure 3), 
Hiks ∈{ }0 1, , dummy variables reflecting the hor-
izontal position of SKU i;

• the vertical position Vijs of the SKU, (j = top 
level, eye level, touch level, bottom level) (cf. 
Figure 3), Vijs ∈{ }0 1, , dummy variables reflect-
ing the vertical position of SKU i.

12 We refrain from adding a further index l in the sequel to all param-
eters and variables for notational convenience.

Table 2. Sample Characteristics

Lab Study I Lab Study II Field Study I Field Study II

n 47 40 (21+19) (1) 19 (11+8) (1) 38 (19+19) (1)

Female (%) 55 53 63 47

Mean age (age range) 25 (16 – 65) 26 (16 – 55) 30 (18 – 54) 29 (14 – 68)

Time  
required for 

shopping task (s)

Tea 28 32 16 14

Cereals 16 25 13 13

Crisps 23 27 11 17

T 
e 
a

First fixation duration (ms) (2) 173 103 72 56

Number of fixations (2) 130 76 13 21

Dwell time (ms) (2) 820 737 285 215

Purchase intention (%) (2) 4 2 2 2

C 
e 
r 
e 
a 
l 
s

First fixation duration (ms) (2) 144 88 83 65

Number of fixations (2) 124 88 22 34

Dwell time (ms) (2) 704 866 469 365

Purchase intention (%) (2) 6 3 3 3

C 
r 
i 
s 
p 
s

First fixation duration (ms) (2) 112 82 47 31

Number of fixations (2) 130 49 11 16

Dwell time (ms) (2) 787 409 231 216

Purchase intention (%) (2) 4 1 2 3

(1) First and second numbers in the parenthesis refer to subjects approaching clockwise and counter-clockwise, respectively.
(2) Average across all AOI (number of AOI for tea 24, for cereals and crisps 12).
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B) Subjects c (c = 1, …, nl) approached shelves from 
direction m, (m = clockwise, counter-clockwise), 
Wm ∈{ }0 1, , dummy variables reflecting walking 
direction.

C) Eye tracking observations for each AOI13 and four 
success variables (d = duration of the first fixation, 
dwell time, number of fixations, purchase inten-
tion): yims

cd .

D) Data preparation: averaging success variables 
over subjects (per AOI): y mtch y n i m s d yims

d
is ims

cd
c

n
l ims

dl. ., , ,= ⋅ ∀ >
=∑ 1

0

y mtch y n i m s d yims
d

is ims
cd

c

n
l ims

dl. ., , ,= ⋅ ∀ >
=∑ 1

0 mtchis: matching coeffi-
cient between AOI and shelf position (cf. Appendix 
B for details).

E) Estimation of SCAN*PRO models:

RQ1: y eims
d

j
V

j
k
H

k
m
W

m
s
C

s

uijs iks m s ims. = ′ ⋅ ⋅ ⋅ ⋅ ⋅∏ ∏ ∏ ∏α β γ δ λ0  (1)

RQ2: y F eims
d

is s
C

s

us ims. = ′′⋅ ⋅ ⋅∏α λα
0

1  (2)

¢ ¢¢α α α β γ δ λ0 0 1, , , , , ,j k m s: response parameter

uims error term

For reasons of identification, we set 

        β δ λtop level counter clockwise crisps= = =− 1  (3)

With the exception of the product category-speci-
fic parameters s, all other parameters are assumed 
constant across product categories; 

1
 is interpre-

ted as facing elasticity; j ,k ,m ,s>0 are called lift 
factors, i.e., the (percentage) up- or downward shift 
of the dependent variable if the exponent of the lift 
factor equals 1 (relative to the benchmark top level 
position, crisps product category, counter-cloc-
kwise walking direction)14. 

13 The specification of our positional dummy variables defined a 
grid of twelve shelf positions for data analysis (cf. Figure 3). This 
granularity induced some loss of accuracy because, occasionally, 
these shelf positions and SKUs according to the planograms did 
not perfectly match (e.g., whereas SKU and the top centre posi-
tion in Figure 3 coincide, this does not apply for the bottom right 
position). In such cases, we performed proportional matching of 
SKUs and shelf positions (as defined by the positional dummy 
variables) – see Appendix B for details. Consequently, some vari-
ance in terms of facings per shelf position emerged even for crisps 
(i.e., facings per SKU were constant for this product category).

14  We refrain from adding a further index d to response parameters 
for notational convenience.

When considering purchase intention we added the 
term famis

a 2 ,, in (1) and (2) ( famis consumers’ fami-
liarity with SKU i in product category s; 2 response 
elasticity) to account for brand knowledge.

Comments On the Postulated Model
The basic idea of (1) and (2) is similar to a fixed effect 
pooling model; i.e., we account for level effects of differ-
ent product categories (s) but assume constant responses 
to shelf locations and walking direction: (j ,k ,m) do 
not depend on product category s. This implies, for exam-
ple, that customers might need more time for perception 
of an AOI for tea than for cereals, but the effects of shelf 
positions and walking direction are similar across prod-
uct categories. The latter view is consistent with common 
retail practice; shelf spacing considers size of product 
package, but does not explicitly consider product cate-
gory nor walking direction. 

Based on the intuition that a respective product has to 
be placed at some slot on the shelf anyway, the customer 
approaches from either side, and is looking for a certain 
product category, it becomes obvious that model (1) is 
not fully identified which requires (3). In a similar vein, 
the interpretation of lift factors j ,k ,m ,s  as represent-
ing a proportional up- or downward shift points to the 
importance of the respective reference categories (in our 
case top-level for shelf position, counter clockwise for 
walking direction, and crisps for product category). The 
magnitude of these parameters can only be interpreted 
relatively rather than absolutely. Before estimation, (1) is 
log-transformed which also guarantees that the nonnega-
tivity constraints will be satisfied.

Referring to extant literature (e.g., Dréze et al., 1994; 
Hansen et al., 2010) we expect 0< 1<1: increasing num-
ber of facings has a positive impact on success variables, 
but at a decreasing rate. Out of plausibility, the impact of 
product familiarity is supposed to be positive, i. e., 2>0.

Interpretation of Results for RQ1 
In accordance with the conceptual model (Figure 1) and 
issues of identification, research questions 1 and 2 are 
analysed separately. Table 3 presents the results for esti-
mating (1) by means of OLS15 (after log-transformation). 
We first note that model goodness-of-fit (in terms of R2) 
and omnibus F-statistic are satisfactory for first fixation 
duration, number of fixations, and dwell time. The results 
for purchase intention in Lab Study II, as well as Field  

15 The mixed experimental design resulted in evaluations of three 
shelves by each respondent. Aggregation of individual level ob-
servations to data per AOI precludes potential dependencies of the 
error term, which would necessitate GLS estimation. 
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Studies I and II are statistically not reliable16, and the 
impact of product familiarity is not significant throughout. 
Many of the estimated lift-parameters are statistically sig-
nificantly different from 1, the benchmark17 (grey shaded 
in Table 3).

Overall, patterns are quite similar across studies and, 
in particular, for the two measures of perception (i.e., 
dwell time and number of fixations). Consistent with the 
literature, bottom level positions received weak evalua-
tions; in particular, in terms of perception measures eye 
and touch level positions were superior. In accordance 
with Sorensen (2016), the importance of horizontal over 
vertical positions clearly manifests – with the exception 
of purchase intention for Field Studies I and II, all hor-
izontal level parameters significantly exceed 1. There is 
no definite answer about which of the three horizontal 
positions is preferable. In most of the shops operating in 
the country of investigation, the counter-clockwise walk-
ing direction is more common and, therefore, participants 
might have favoured this walking direction out of habit. 
Inconclusive results emerge for the product category. 
In most cases, however, multiplication of the estimated 
parameter for the constant times for the product category 
(e.g., for first fixation duration, Lab Study II: 64.32×(1.18 
| 1.05 | 1) = 76 | 68 | 64) resembles patterns shown in the 
lower part of Table 2 (i.e., averages of dependent vari-
ables per product category; 103 | 88 | 82).

As an aside, model (1) allows simultaneous assess-
ment of all 12 shelf positions by calculating .  
Figure 4 illustrates these figures for all dependent vari-
ables and all studies. Being lift factors, the numbers in 
Figure 4 are relative with respect to the magnitude of the 
dependent variable considered and, therefore, are neither 
comparable across dependent variables nor across studies. 
To facilitate such a comparison, however, colour shading 
is applied, whereby dark blue represents the highest and 
light blue the lowest value18. Across all studies, consis-
tencies exist to the degree that eye and touch level posi-
tions are preferred over top and bottom level positions. 
With the exception of Lab Study I (using a stationary 
eye tracker), eye level seems to perform best (which, of 
course, is consistent with common practice). For the two 
field studies, non-centre positions perform very well. We 
believe that this is a consequence of accounting for walk-
ing direction: shoppers entering an aisle have a greater 

16 Some SKUs were not chosen at all which resulted in an aggregated 
purchase intention of zero in these cases. In turn, this might have 
caused detrimental effects for statistical parameter estimation.

17 In fact, t-Tests analysed whether, for instance, ln (j) is significant-
ly different from zero. 

18 The domain of each combination of success variables and studies (for 
instance, [1.36, 2.12] for first fixation duration, Lab Study I) is map-
ped into the colour domain, i.e., [low: light blue, high: dark blue].

chance of perceiving products that are near to them; the 
reader should keep in mind that literature claiming supe-
riority of centre locations assumes customers to be posi-
tioned in front of the shelf.

Interpretation of Results for RQ2
The same estimation procedure as for (1) calibrates 
parameters of (2); they are presented in Table 4. Again, 
goodness-of-fit (in terms of R2) and omnibus F-statistic 
are satisfactory (with the exception of purchase intention 
for Field Studies I and II). Estimates for facing elastic-
ities are fairly stable across studies, but depend on the 
dependent variable considered. They are significantly 
different form zero (with the exception of purchase inten-
tion). Their magnitude is somewhat larger than the elas-
ticities reported by Curhan (1972) – using sales data – or 
Chandon et al. (2009). Again, the effect found for famil-
iarity is statistically not significantly different from zero. 
There is also some consistency with respect to the prod-
uct category. Overall, lift factors for tea are smaller than 
1; but those for cereals are larger than 1. The number of 
slots amounts to 96, 25, 36 for boxed tea, cereals, and 
crisps, respectively (cf. Method), and there are 24, 12, 
and 12 AOIs. Since dependent variables refer to AOIs, it 
makes sense that (relative) success measures for boxed 
tea are smaller for cereals and larger than for crisps. Alto-
gether, these results have face validity.

Contribution, Limitations, and Further Research

Contribution
We believe that this research contributes to the literature 
in three ways. First, we provide further evidence of the 
more pronounced importance of horizontal shelf position-
ing over the vertical arrangement. Whereas eye and touch 
level positions are indeed privileged, we provide empir-
ical evidence that walking direction has a major impact 
on noticing merchandise and that the general wisdom 
of the superiority of centre locations does not hold for a 
dynamic environment; right or left from the centre might 
be better if a shopper approaches from the right or left, 
respectively. In addition, we corroborate the findings on 
facing elasticities smaller than 1 (i.e., diminishing returns 
for increasing the number of facings). Second, by con-
ducting a series of studies, two of them in a lab and two 
in the field, this research scores on internal and external 
validity. It thus also followed the call for replication stud-
ies in this area. Mostly, our results are consistent across 
studies conducted in different environments. Third, eye 
tracking measured success variables, and this method 
is not restrained by subjectivity biases. Respondents  
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reported that they did not feel accommodated when wear-
ing eye tracking glasses and did not indicate reactive 
behaviour. On the contrary, subjects were able to move 
their head and body freely, confirming external validity. 
Finally, we point to the interest of practitioners in this 
research. Retailers assessed our study to be highly rele-

vant, allowed for data collection in their stores, and asked 
for information about our empirical evidence.

Limitations
Our research is limited in scope because it concentrates 
on shopping behaviour and, in particular, on attention, 
perception, and purchase intention. On the one hand, 

Table 3 Results of RQ1 (Non-standardized Regression Parameters are Shown)

Independent  
variables

Lab Study I Lab Study II Field Study I Field Study II Lab Study I Lab Study II Field Study I Field Study II

First fixation duration (ms) Number of fixations

Constant 52.06 64.32 28.84 26.94 44.00 51.98 8.05 5.98

Eye level (1) 1.11 0.98 1.21 1.24 1.20 0.93 1.05 1.37

Touch level (1) 1.37 1.06 1.57 0.86 1.56 0.86 1.28 1.04

Bottom level (1) 1.04 0.94 1.32 0.55 0.88 0.73 0.92 0.51

Left level (1) 1.47 1.25 1.55 1.64 1.73 1.39 1.61 2.04

Centre level (1) 1.36 1.33 1.06 1.25 1.73 1.61 1.08 1.60

Right level (1) 1.54 1.25 1.65 1.37 1.73 1.21 1.51 1.47

Walking direction (2) n. a. 0.89 0.70 0.63 n. a. 0.65 0.51 0.82

Tea (3) 1.40 1.18 1.36 2.83 0.84 1.59 1.15 2.21

Cereals (3) 1.29 1.05 1.50 3.01 1.01 2.19 1.75 3.12

R2 0.58 0.16 0.33 0.48 0.58 0.36 0.32 0.47

F-test (5) 10.23 3.14 7.43 13.02 10.08 9.53 7.08 12.54

Dwell time (ms) Purchase intention (%)

Constant 265.75 383.59 140.84 24.48 0.41 1.67 1.64 0.89

Eye level (1) 1.20 0.90 1.04 1.87 0.69 1.07 1.07 1.42

Touch level (1) 1.67 0.78 1.31 1.29 1.01 0.67 1.36 1.33

Bottom level (1) 0.93 0.69 0.94 0.95 0.67 0.76 1.74 1.12

Left level (1) 1.70 1.42 1.61 2.45 2.42 1.33 0.99 1.02

Centre level (1) 1.64 1.62 1.08 1.99 1.41 1.08 0.69 0.95

Right level (1) 1.68 1.21 1.50 1.70 3.12 1.20 0.77 0.92

Walking direction (2) n. a. 0.72 0.60 1.17 n. a. 0.86 0.89 0.96

Tea (3) 0.88 1.81 1.29 1.81 1.20 0.62 0.93 0.89

Cereals (3) 0.93 2.58 1.87 2.57 1.51 1.09 1.08 1.33

Familiarity (4) n. a. n. a. n. a. n. a. 0.58 -0.10 0.18 0.67

R2 0.51 0.37 0.21 0.29 0.39 0.09 0.10 0.07

F-test (5) 7.60 9.84 4.05 5.40 4.15 1.51 1.51 0.87

(1) relative to top level
(2) clockwise (relative to counter-clockwise), n. a.: not applicable for Lab Study I
(3) relative to crisps
(4) n. a.: not applicable for dwell time
(5) corresponding degrees of freedom depend on number of AOIs and number of estimated parameters
Entries shaded in grey highlight estimates significantly different from 1 (for constant, positional variables, walking direction, tea, cereals), from 0 (for familia-
rity) or significantly different from a F-distribution’s critical value for a type I error of 0.05.
Measurement of purchase intention by communication in Lab Study I and observation in other studies.
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Figure 4. Relative Assessment of Shelf Positions

Note: Shaded areas indicate assessments, which are reported due to reasons of completeness; their statistical reliability is in doubt.

Table 4. Results of RQ2 (Non-standardized Regression Parameters are Shown)

Independent 
variables

Lab Study I Lab Study II Field Study I Field Study II Lab Study I Lab Study II Field Study I Field Study II

First fixation duration (ms) Number of fixations

Constant 81.89 71.21 33.87 11.06 82.37 33.75 6.35 4.57

Number of facings 0.70 0.52 0.58 0.70 0.94 0.71 0.65 0.81

Tea (1) 0.87 0.75 0.91 2.46 0.46 0.88 0.75 1.81

Cereals (1) 1.28 0.93 1.64 4.18 0.96 1.86 1.99 4.42

R2 0.55 0.16 0.24 0.30 0.49 0.26 0.20 0.25

F-test (3) 26.53 9.67 15.35 18.50 20.41 18.11 11.74 14.96

Dwell time (ms) Purchase intention (%)

Constant 495.45 275.03 122.03 77.96 0.69 1.45 1.44 1.11

Number of facings 0.94 0.72 0.62 0.88 1.43 0.41 0.45 -.13

Tea (1) 0.47 1.02 0.85 1.00 0.46 0.49 0.62 0.95

Cereals (1) 0.89 2.25 2.06 2.66 1.63 1.19 1.07 1.29

Familiarity (2) n. a. n. a. n. a. n. a. 0.54 -0.30 0.13 0.59

R2 0.43 0.30 0.16 0.17 0.24 0.05 0.05 0.03

F-test (3) 16.28 22.03 8.90 8.42 4.85 2.11 1.87 1.12

(1) relative to crisps
(2) corresponding degrees of freedom depend on number of AOIs and number of estimated parameters
(3) n. a.: not applicable for dwell time
Entries shaded in grey highlight estimates significantly different from 1 (for constant, tea, cereals), from 0 (for number of facings) or significantly different from 
a F-distribution’s critical value for a type I error of 0.05.
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this assumes rather goal-directed behaviour and refrains 
from analysing pure search behaviour, which might be 
important for impulsive buying or more hedonic prod-
ucts. On the other hand, the success variables considered 
are effective at the beginning of a buying decision pro-
cess, and their relevance might diminish when it comes 
to actual purchase. Indeed, the results for purchase inten-
tion are already quite weak. At the same time, we did not 
consider external influences (e.g., price labels, signage, 
illumination, store atmosphere) or consumer characteris-
tics (e.g., height, which might have an impact on what is 
subjectively considered as eye level; left- or right-hand-
edness, which might impact preferences for horizon-
tal positions). The SCAN*PRO model is rather simple 
and does not account for saturation effects (of facings). 
Moreover, relationships between success variables might 
be more sophisticated (e.g., perception might mediate the 
influence of shelf positions on purchase intention).

Another limitation results from sampling: basically, 
convenience sampling was performed, in particular for 
the lab studies. The sample sizes are modest, but in accor-
dance with common practice (cf. Appendix A, column 
“products/sample”). The cumbersome coding procedure 
for preparing data from mobile eye tracking prevented us 
from large-scale studies. In addition, some subjects did 
not qualify for eye tracking because they wore glasses, 
mascara, or hard contact lenses. In some cases, sub-
jects were asked to remove earrings or cover colourful 
apparel with a scarf. We do not believe, however, that this 
resulted in a systematic selection bias.

Further Research
The limitations outlined above open multiple ave-
nues for further research. In addition to these, we men-
tion that the number of potential planograms increases 
combinatorically, but we only analysed one per product  
category (which were pretested in another research); 
given the same set-up, the effects of different planograms 
could be investigated. The research selected three product 
categories that appeared to be especially suitable. Never-
theless, other product categories (e.g., yogurt, shampoo, 
soap, pain reliever) are also appropriate. Two of the stud-
ies were conducted in the field, in supermarkets of con-
siderable size (i.e., with an assortment of about 15,000 
SKUs), essentially with a grid layout. Store size and store 
layout might affect shopping behaviour and, therefore, 
further research should consider other types of stores. 
Our studies analysed groceries. However, shelf display 
of products is common practice for many other retail-
ing categories (e.g., clothes, hardware, drug-store prod-
ucts); further research in these industries is called for. 
Finally, our studies were conducted in a European cap-

ital; the population was culturally diverse, but respon-
dents predominantly had a central European cultural 
background. This might limit the transferability of the 
findings, e.g., to Arabian, Jewish or Chinese backgrounds,  
where shoppers are used to less spacious stores and dif-
ferent shopping patterns. Moreover, the reading habits of  
consumers may play an important role in the research  
of shelf perceptions as well. Thus, it would be interesting 
to replicate our study in such environments. 

In conclusion, we hope that this research, not only pro-
vides significant findings, but also encourages academics 
and marketers to continue examining shelf perceptions.
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Appendix B. Matching SKUs and Shelf Positions
Research question RQ1 focuses on the attention gener-
ated as a function of horizontal and vertical shelf posi-
tions. In accordance with the literature and reduction of 
model complexity, this research distinguishes between 
three horizontal and four vertical positions resulting in 
12 different slots. In general, however, there is not a per-
fect concordance between SKUs presented in a shelf and 
these slots, which requires matching. We demonstrate 
this procedure for boxed tea (cf. Figure 3).

The size of the packaging for tea allowed for eight 
(vertical) shelf boards (two packages could be stacked 
on a board) and six (horizontal) packages per board. The 
supermarket distributed six different brands of tea offe-
red in 4 different flavours. Following van der Lans et al. 
(2008) and common practice in this store, flavours (fruit, 
green, herbal, black tea) were arranged horizontally. The 
demand for fruit and black tea was higher than the demand 
for green and herbal tea; therefore, the former flavours 
received two, the latter one horizontal slot(s). The order 
of the flavours was determined by chance. Given this 
choice, brands were located approximately at the same 
vertical position (determined by random sequencing). 
Finally, some degrees of freedom remained with regard 
to the number of facings (2, 4 or 8) and again, assignment 
was carried out randomly. As a result, we refer to Figure 
3 and Table B1.

Only for a few cases (for example F6) there is a per-
fect match between SKU and granularity of slots as used 
in model (1). The third column of Table B2 presents the 
matching coefficients, i.e., the share of a slot a certain 
SKUs takes; please note that a SKU might belong to two 
different slots (e.g., F2). Success variables, determined 
for a certain SKU, i.e. AOI, were multiplied by these 
matching coefficients to fit the model’s granularity.

Table B1. Tea Shelf Used in Field Study I – Schematic Representation

horizontal → / vertical ↓  
position Left Centre Right

Top level
F1 (*)

B1
H1 G1 Brand 1

F2
H2

G2 Brand 2

Eye level
B2 H3

F3 B3
H4

G3 Brand 3

Touch level
F4 B4

G4 Brand 4
F5 B5 H5

Bottom level F6 B6 H6
G5 Brand 5

G6 Brand 6

Fruit tea Black tea Herbal 
tea

Green 
tea

← flavour of tea 
↑ tea brand

(*) letter referring to flavour, number referring to brand.

Table B2. Correspondence Between SKUs and Slots As Used  
in Model (1)

SKU Number of 
facings

Matching 
coefficient

Horizontal 
position

Vertical 
position

F1 4 0.5

left

top

F2
4 0.5 top

4 0.5 eye

F3 4 0.5 eye

F4 4 0.5 touch

F5 4 0.5 touch

F6 8 1 bottom

B1 8 1

centre

top

B2 4 0.5 eye

B3 4 0.5 eye

B4 4 0.5 touch

B5 4 0.5 touch

B6 8 1 bottom

H1 2 0.25

right

top

H2 2 0.25 top

H3 2 0.25 eye

H4
2 0.25 eye

2 0.25 touch

H5 2 0.25 touch

H6 4 0.5 bottom

G1 2 0.25

right

top

G2
2 0.25 top

2 0.25 eye

G3 2 0.25 eye

G4 4 0.5 touch

G5 2 0.25 bottom

G6 2 0.25 bottom
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