
Journal of Visualized Experiments
 

Spotlighting Customers’ Visual Attention at the Stock, Shelf and Store Levels with the
3S Model

--Manuscript Draft--
 

Article Type: Invited Methods Article - JoVE Produced Video

Manuscript Number: JoVE58846R3

Full Title: Spotlighting Customers’ Visual Attention at the Stock, Shelf and Store Levels with the
3S Model

Keywords: Visual attention;  eye tracking;  In-store search;  3S model;  Store;  Shelf;  Stock;
Packaging design;  Shelf design;  Store design.

Corresponding Author: Tobias Otterbring
Aarhus University
Aarhus V, Aarhus DENMARK

Corresponding Author's Institution: Aarhus University

Corresponding Author E-Mail: toot@mgmt.au.dk

Order of Authors: Tobias Otterbring

Erik Wästlund

Poja Shams

Additional Information:

Question Response

Please indicate whether this article will be
Standard Access or Open Access.

Open Access (US$4,200)

Please indicate the city, state/province,
and country where this article will be
filmed. Please do not use abbreviations.

Karlstad, Värmland, Sweden

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



  

Page 1 of 9  revised February 2017 
 

TITLE:  1 
Spotlighting Customers’ Visual Attention at the Stock, Shelf and Store Levels with the 3S Model  2 
 3 
AUTHORS & AFFILIATIONS:  4 
Tobias Otterbring1, 2, Erik Wästlund2, Poja Shams3 5 
 6 
1Department of Management/MAPP, Aarhus University, Aarhus, Denmark 7 
2Department of Psychology & CTF, Service Research Center, Karlstad University, Karlstad, Sweden 8 
3Department of Business Administration & CTF, Service Research Center, Karlstad University, 9 
Karlstad, Sweden 10 
 11 
Corresponding Author:  12 
Tobias Otterbring (toot@mgmt.au.dk)  13 
 14 
Email Addresses of Co-authors:  15 
Erik Wästlund  (erik.wastlund@kau.se)  16 
Poja Shams   (poja.shams@kau.se)  17 
 18 
KEYWORDS:  19 
Visual attention, Eye tracking, In-store search, 3S model, Store, Shelf, Stock, Packaging design, 20 
Shelf design, Store design.  21 
 22 
SHORT ABSTRACT: 23 
This article presents a new conceptualization of the in-store search process, the 3S Model, which 24 
captures customers’ visual attention at three distinct levels of analysis: Stock, Shelf, and Store. 25 
We illustrate the usefulness of our conceptualization through three eye-tracking studies, one 26 
from each level of analysis in the 3S Model.  27 
 28 
LONG ABSTRACT:  29 
Several models of the in-store search process exist in the fields of retailing, marketing, and 30 
consumer-based research. The present article presents a new conceptualization of this search 31 
process, which captures customers’ visual attention at three distinct levels of analysis: Stock, 32 
Shelf, and Store. We refer to this conceptualization as the 3S Model and illustrate its usefulness 33 
through three eye-tracking studies, one from each level of analysis. Our experimental examples, 34 
which range from manipulating certain stimuli on a single product (e.g., the placement of textual 35 
and pictorial packaging elements) to manipulating the entire shopping trip for customers during 36 
their stay in a store (e.g., through more or less specific shopping tasks), highlight the broad 37 
applicability of this alternative approach for understanding customers’ in-store search behavior. 38 
Thus, our model can be seen as a helpful tool for researchers interested in how to conduct 39 
experimental eye-tracking studies that shed light on the perceptual processes preceding product 40 
choices and purchase decisions. The 3S Model is equally suitable in controlled lab conditions and 41 
under ecologically valid settings in the real retail environment. Furthermore, it can be used from 42 
the micro level, with a focus on the meaningful metrics on a particular product, through the 43 
intermediate level, with the emphasis on the area surrounding products in shelves and other in-44 
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store spaces, all the way to the macro level, examining customers’ navigational paths throughout 45 
a store as a function of their shopping tasks, cognitive capacity, or ability to acquire in-store 46 
information.  47 
 48 
INTRODUCTION:  49 
Several models of the in-store search process have been offered throughout the years in the 50 
fields of retailing, marketing, and consumer behavior. Common conceptualizations of this search 51 
process a dichotomization into navigation and decision-making1 or into movement and contact2, 52 
respectively, in which customers move and navigate inside the store to reach a desired area 53 
where they finally decide which particular items to purchase or interact with employees helping 54 
them to make informed choices. While we see the value of such conceptualizations, they do not 55 
really capture the various layers of the retail environment and their influence on customers’ in-56 
store search behavior.  57 
 58 
Thus, the aim of this article is to present an alternative model of the in-store search process, 59 
hereinafter referred to as the 3S Model, which captures and discusses customers’ visual attention 60 
at three distinct levels, from micro to macro: Stock, Shelf, and Store. According to our 61 
conceptualization, the Stock level represents a particular product for sale (i.e., a stock keeping 62 
unit; SKU), and includes customers’ visual attention towards specific stimuli on product 63 
packaging, such as brand logos, textual elements, and pictorial elements. Next, at the 64 
intermediate Shelf level, the focus is not on elements located on specific products or SKUs, but 65 
rather on the area surrounding such units and how the configuration of that area can influence 66 
customers’ visual attention. Apart from shelves and shelf layout, this level also includes, for 67 
example, in-store displays and another point-of-purchase material. Finally, the Store level 68 
represents the entire store environment, everything included, with SKUs and shelves both acting 69 
as building blocks. The emphasis on this last level is to shed light on customers’ movements and 70 
navigation throughout the store, depending on their specific shopping tasks, cognitive capacity, 71 
and ability to acquire information.  72 
 73 
In what follows, we give three eye-tracking examples, each from one of the above-mentioned S-74 
levels, that jointly illustrates how the in-store search process can be understood and studied from 75 
the Stock, Shelf, and Store levels with respect to the suitable research topics, methodologies, and 76 
analyses.  77 
 78 
Stock Level 79 
Previous research has argued for two distinct views on how to organize textual and pictorial 80 
packaging elements in the best possible way: one based on recall3 and the other based on 81 
preference4-6. According to the recall view, the optimal packaging design should be to locate 82 
textual elements on the right side of a package and pictorial elements on the left side, since 83 
people tend to recall these element types better when located in such a way3. In contrast, the 84 
preference view postulates that it should be more advantageous to locate textual elements on 85 
the left side of a package and pictorial elements on the right side, since people prefer such an 86 
element organization and find it more aesthetically appealing5-6. While recall and preference are 87 
both important variables influencing consumer choice, these variables do not provide any 88 
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insights regarding how a package should be designed for customers to quickly detect its different 89 
packaging elements. This is important since choices of packaged products depend on whether 90 
the products can capture customers’ attention and convey an adequate message within a very 91 
limited time7-10. Our previous publication 11, therefore aimed to examine how the placement (left 92 
vs. right) of textual and pictorial packaging elements influences detection time toward these 93 
element types.  94 
 95 
Shelf Level 96 
Shelf space in the retail environment is an important strategic tool that increases the possibility 97 
for products to be seen and sold12. Valenzuela and Raghubir13 showed that premium products 98 
tend to be located on the top of the shelf and budget products on the bottom. Hence, 99 
experiences from the store’s positioning scheme helps to form consumer beliefs about vertical 100 
spatial position. Supporting this notion, the same authors later showed that vertical positioning 101 
is a diagnostic cue used by the customer in value judgment, with products on the top perceived 102 
to have higher value than products on the bottom14. Although they did not specifically test the 103 
influence of spatial beliefs on information processing, they argued that beliefs about vertical 104 
positioning reflect heuristic rather than systematic processing. This anticipated relationship 105 
indicates that value judgments made from vertical positioning are fast and frugal15. Heuristic 106 
processing of spatial information suggests that customers’ visual attention will be guided towards 107 
vertical positions believed to contain a certain value. Therefore, if a customer is looking for a 108 
premium product, visual attention should be guided upwards, independent of whether premium 109 
products are placed on the top vertical position or not. Consequently, if vertical positioning is a 110 
diagnostic cue in value judgment, then visual attention towards vertical shelf levels should vary 111 
depending on activated beliefs and independent of actual content16. In the study published 112 
previously 17, the aim was to explore how beliefs about spatial positioning (e.g., expensive is up 113 
and cheap is down) influences customers’ visual search for premium and budget alternatives, 114 
respectively.  115 
 116 
Store Level 117 
A visit to a store usual entails making a series purchase decision. It is, therefore, important to 118 
investigate the purchase decisions as a part of a larger task in addition to investigating the process 119 
of a single decision. Previous research on customer decision-making has shown that customers 120 
make product choices in a matter of seconds7 from a very small subset of all available products18-121 
19. It is noteworthy that even though customers arrive at the store with their experiences, 122 
preferences, and shopping goals, it has been estimated that 80% of the purchase decision are 123 
made in the store during the shopping trip20. It has been proposed that this process is an example 124 
of the efficacy of using heuristic decision strategies21. There are a few studies investigating the 125 
visual process of choosing a product from a single shelf22 but they have not looked at a decision 126 
as a part of a greater whole and to what extent one decision influences subsequent decisions. 127 
Our paper, therefore, investigated to what extent the complexity of an initial purchase decision 128 
(specific vs. non-specific) influences visual attention during the next decision as this is the reality 129 
of most decisions made in a store 23.  130 
 131 
The protocol described here is organized in the same chronological order as a typical research 132 



  

Page 4 of 9  revised February 2017 
 

study. First, the definition of a research question and the study design is described, after which 133 
the choice of eye-tracking equipment is delineated. Next, the different steps of the data 134 
collection procedure are explained and, lastly, the data processing is outlined. Throughout the 135 
protocol, differences in procedure due to lab or field-based data collection are clearly stated.  136 
 137 
PROTOCOL:  138 
 139 
The protocol outlined below is in line with the current ethics regulations of the authors’ 140 
institutions. In order to ensure this, important aspects of the design are: voluntary participation, 141 
the use of ordinary shopping tasks as experimental stimuli or instructions, and no collection of 142 
personal data. However, as ethics regulations can differ between institutions, please consult the 143 
local institution’s human research ethics committee before conducting any research.  144 
 145 
1. Experimental design and stimuli 146 
 147 
1.1. Define the research question.  148 
 149 
1.2. Select stimuli and task instructions based on the specific S studied in the 3S Model and 150 
the type of research question addressed.  151 
 152 
1.2.1. Field studies: Consider relying on the shopping list procedure8,23-24, which ensures that 153 
customers will take approximately the same in-store path, since this increases the experimental 154 
control.  155 
 156 
1.3. Consider incentivizing participation (e.g., through lottery tickets) to facilitate a more rapid 157 
recruitment of subjects.  158 
 159 
2. Choice of eye-tracking equipment 160 
 161 
2.1. Use binocular, video-based, combined pupil/corneal reflection systems for the eye-162 
tracking recordings.  163 
 164 
2.1.1. Lab studies: Use a stationary system with a high sampling frequency (preferably 120 Hz 165 
or more). 166 
 167 
2.1.2. Field studies: Use a head-mounted mobile system with a sampling frequency of at least 168 
30 Hz.  169 
 170 
3. Data collection procedure 171 
 172 
3.1. Recruit participants with normal or corrected-to-normal vision, and preferably those not 173 
wearing heavy makeup around the eyes.  174 
 175 
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3.2. Use cover stories or broad statements of the study objective so that participants remain 176 
naïve about the explicit scientific purpose until after the experiment has taken place.  177 
 178 
3.3. Ensure that participants have sufficient time for the task completion. As this can vary a 179 
lot between study designs (in general, field studies are more time consuming than lab studies), 180 
please time the procedure so that a good estimate during recruitment can be provided. Here, the 181 
video recording will take approximately 15 minutes per participant: 5 minutes for the calibration 182 
procedure and 10 minutes for data collection. 183 
 184 
3.4. Give participants the study-specific task instruction(s).  185 
 186 
3.4.1. Lab studies: Ask participants to follow the on-screen instructions and expose them to the 187 
experimental stimuli on a projector screen. 188 
 189 
3.4.2. Field studies: Ask participants to complete a predefined shopping task (e.g., the shopping 190 
list procedure), which naturally exposes them to a certain set of in-store stimuli.  191 
 192 
3.5. Place the eye-tracking system around the participant’s head. 193 
 194 
3.6. Start the experimental session with a calibration procedure of the eye-tracking system. 195 
Follow manufacturer’s instructions on the calibration procedure. 196 
 197 
3.7. Distribute a predefined shopping list that is different between subjects. Here, use olive oil 198 
and coffee. 199 
 200 
3.7.1. For the first product on the list, use olive oil. Instruct consumers to choose either an 201 
expensive or a cheap version of olive oil. This task corresponds to the Shelf level of the model. 202 
 203 
3.7.2. For the second and last product on the list, use coffee. Have consumers move to the 204 
coffee section of the store. Manipulate where the coffee products are located on the shelf to 205 
investigate whether a specific coffee package is more likely than another coffee package to be 206 
chosen when located at the same place in the shelf. This corresponds to the Stock level of the 207 
model. 208 
 209 
NOTE: Given that consumers will have to move and navigate throughout the store before 210 
reaching the first product and when walking between the first and the second product stated on 211 
the list, this corresponds to the Store level of our model. 212 
 213 
3.8. Start the eye-tracking recordings according to the manufacturer’s instruction.  214 
 215 
3.9. Send participants to complete their task. 216 
 217 
3.10. Stop the eye-tracking recordings and debrief participants about the study purpose after 218 
completion of the experimental task(s). 219 
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 220 
4. Data processing  221 
 222 
4.1. Define areas of interest (AOIs) based on the study-specific research question.  223 
 224 
4.2. Select the eye-tracking metric(s) that will constitute the unit of analysis. 225 
 226 
4.2.1. Lab studies: Create AOIs by outlining areas of the stimuli that will be the basis for 227 
automatic categorization of the eye-tracking data.  228 
 229 
4.2.2. Field studies: Manually categorize eye-tracking data into appropriate AOIs.  230 
 231 
4.3. Export the data containing AOIs and the corresponding eye-tracking metric(s) into a 232 
suitable statistical program. 233 
 234 
4.4. Analyze the eye-tracking data with a statistical method that corresponds to the specific 235 
study purpose or hypothesis tested.  236 
  237 
REPRESENTATIVE RESULTS:  238 
 239 
Stock Level Findings  240 
A total of 185 participants had complete eye-tracking recordings and were included in the study. 241 
We based our analysis on those participants who detected the packaging element within the time 242 
limit of 7.0 seconds. Thus, our dependent variable was time to first fixation (TTFF), which in this 243 
case represents the time it took from stimulus exposure until participants detected and thus 244 
fixated on the packaging element in question (measured in milliseconds but depicted in seconds). 245 
Fixations are the most commonly reported data points in eye-tracking research and are valid 246 
measures of visual attention25-28. TTFF did not differ between the two textual elements (F < 1), 247 
and these stimuli did not interact with location to influence TTFF (F < 1). Therefore, we combined 248 
them into a single text condition to facilitate parsimonious analyses, after which we conducted a 249 
2 (Location: Left, Right) × 2 (Stimuli: Textual, Pictorial) between-subjects Analysis of Variance 250 
(ANOVA) on TTFF. The ANOVA revealed no main effect of Location (F < 1), no main effect of 251 
Stimuli (F(1, 114) = 1.09, p = .30), but did reveal a statistically significant two-way interaction (F(1, 252 
114) = 4.46, p = .011). Inspection of cell means revealed that the pictorial packaging element was 253 
detected quicker when located on the right (M = 2.27) versus left (M = 3.82) side on the package, 254 
whereas the textual packaging elements were detected quicker when located on the left (M = 255 
2.08) versus right (M = 3.01) side on the package; see Figure 1. Thus, the results on detection 256 
time for textual and pictorial packaging elements support the element organization advocated 257 
by the preference view5-6 rather than the recall view3 and suggest that preference may be 258 
function of easy information acquisition.  259 
 260 
[Place Figure 1 here] 261 
 262 
Shelf Level Findings 263 
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A total of 128 participants had complete eye-tracking recordings and were included in the study. 264 
The dependent variable was TTFF on target, which here means the time it took from stimulus 265 
exposure until participants fixated on either a premium product or a budget product, depending 266 
on their randomly assigned experimental condition and the shelf configuration (again measured 267 
in milliseconds but depicted in seconds). A 2(Congruency: Congruent, Incongruent) × 2 (Search 268 
Task: Premium, Budget) between-subjects ANOVA on TTFF on target showed a significant main 269 
effect of Congruency (F(1, 122) = 7.72, p = .006), where participants detected the target faster in 270 
the congruent condition (M = 0.94) than in the incongruent one (M=1.45). Thus, regardless of 271 
search task, participants generally detected the target quicker when it was located on the vertical 272 
position that best serves as a cue of its value (e.g., premium products on the congruent top 273 
position instead of the incongruent bottom position). There was also a significant main effect of 274 
Search Task (F(1, 122) = 6.78, p = .010), where the budget search task led to faster target 275 
detection (M = 0.96) than the premium search task (M= 1.43). These two main effects were 276 
qualified by a significant two-way interaction (F(1, 122) =78.57, p < .001). Inspection of cell means 277 
revealed that, for the premium product, participants noted the target faster in the congruent 278 
(top) location (M = 0.37) than in the incongruent (bottom) location (M = 2.50). For the budget 279 
product, however, participants noted the target faster in the incongruent (top) location (M = 280 
0.40) than in the congruent (bottom) location (M = 1.51); see Figure 2. Taken together, these 281 
results show that participants tend to move their gaze upwards independent of task; however, 282 
they turn their gaze downward faster in a budget task than in a premium task. 283 
 284 
[Place Figure 2 here] 285 
 286 
Store Level Findings 287 
The study included 66 participants with complete eye-tracking data. The dependent variable was 288 
the number of observations on the areas of interest (AOIs), with the AOIs defined for all relevant 289 
portions of the store (parts of the store that was not of interest for the analysis were not coded). 290 
The number of observations on an area is a frequently used measure in eye-tracking studies and 291 
serves as an indicator of interest29-30. A 2 (Task Specificity: Specific, Non-Specific) x 2 (Choice Task: 292 
First, Second) mixed ANOVA with the number of observations on AOIs as dependent variable, 293 
choice task as the repeated measure, and task specificity as the between-subjects factor. The 294 
results showed no significant main effect of the between-subjects factor (F(1, 64) = 1.71, p = .20). 295 
However, there was a significant main effect of choice task (F(1, 64) = 12.16, p < .001) were the 296 
first choice was completed with fewer observations (M = 19.20) than the latter (M = 25.08). 297 
However, this main effect was qualified by a significant two-way interaction (F(1, 64) = 11.42, p 298 
= .001). Inspection of cell means revealed that participants in the specific choice group observed 299 
a fairly equal number of AOIs during their first (specific) choice task (M = 23.39) and their 300 
subsequent choice task (M = 23.58). In contrast, participants in the non-specific choice group 301 
observed a smaller number of AOIs during their first-choice task (M = 15.00) compared to the 302 
second choice task (M = 26.58); see Figure 3. These results show how the specificity of an initial 303 
shopping goal influences customers’ visual search behavior during a choice task and how such a 304 
choice task affects the visual behavior during sub-sequent choices.  305 
 306 
[Place Figure 3 here] 307 
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 308 
FIGURE AND TABLE LEGENDS:  309 
Figure 1: TTFF in seconds as a function of packaging element (textual, pictorial) and location (left, 310 
right). 311 
 312 
Figure 2: TTFF on Target in seconds as a function of search task (premium, budget) and 313 
congruency (congruent, incongruent). 314 
 315 
Figure 3: Number of observations on AOIs as a function of task specificity (specific, non-specific) 316 
and choice task (first, second). 317 
 318 
DISCUSSION:  319 
In this article, we have used some of our prior research studies to illustrate a new 320 
conceptualization of the in-store search process. Specifically, our 3S Model – with its Stock, Shelf, 321 
and Store levels – offers a new way to examine customers’ visual attention from a process 322 
perspective by means of eye-tracking methodology. Previous research has typically divided the 323 
in-store search process in broad terms such as navigation and decision-making1 or movement 324 
and contact2. The contribution of our 3S Model is that it captures the various layers of the retail 325 
environment and the linkages between these different S levels in a more articulate fashion.  326 
 327 
As with all research, the most critical aspect is the design of the experiments. Thus, taking the 328 
time to properly design one’s study is crucial to the success of the study. Furthermore, as the 329 
protocol described above includes the choice between lab and field settings, which is also a 330 
choice between a stationary and a head-mounted mobile eye-tracking system, this has to be 331 
considered during the design.  332 
 333 
This protocol is limited with respect to the detailed instructions regarding the eye-tracking 334 
equipment. Since there are multiple producers of eye-tracking hardware and software, this 335 
protocol does not include any specific usage instructions as this is simply not feasible. Please 336 
consult the manual or the specific eye-tracking equipment.  337 
 338 
From a theoretical point of view, the 3S Model allows researchers to more precisely position their 339 
studies and to narrow the aim of each experiment. By dividing the in-store search process into 340 
the three components of our model, researchers acknowledge and take into account more of the 341 
complexities of in-store decision-making. As shown by the provided sample studies, the choice 342 
of a specific product can be understood from the design of its packaging, its placement in a shelf, 343 
and the goal of the customer. Thus, it is important to understand which part of the in-store search 344 
process that is currently in focus. 345 
 346 
From a practical perspective, the 3S Model clearly shows which parts of the in-store search 347 
process that are appropriate to investigate in the eye-tracking laboratory versus in the field. 348 
Studies under controlled lab-conditions facilitate digital manipulation of experimental stimuli on 349 
computer or projector screens and automatic coding of a large variety of eye-tracking measures 350 
with high levels of accuracy, but at the expense of low ecological validity. Such studies are better 351 
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suited for examining research questions at the Stock and Shelf levels using stationary eye-352 
tracking systems, due to the difficulty in manipulating shelf layout or packaging elements on 353 
consumer goods in real retail settings. Studies in actual field settings have high ecological validity, 354 
but lower degrees of experimental control and are typically more labor-intense as they require 355 
manual coding of eye-tracking measures (with lower levels of accuracy). Such studies are 356 
particularly well-suited for examining research questions at the Store level, but can also be used 357 
at the Shelf level, through reliance on mobile eye-tracking equipment.  358 
 359 
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Figure 1: TTFF in seconds as a function of packaging element (textual, pictorial) and location 
(left, right). 
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Figure 2: TTFF on Target in seconds as a function of search task (premium, budget) and 
congruency (congruent, incongruent). 
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Figure 3: Number of observations on AOIs as a function of task specificity (specific, non-
specific) and choice task (first, second). 
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Name of Material/ Equipment Company Catalog Number Comments/Description

Eye tracker Tobii Technology Tobii X120 Eye Tracker Stationary eye-tracking system

Eye tracker Tobii Technology Tobii Glasses Head-mounted eye-tracking system
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