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Evidence-based principles providing
information and guidance designers need
as they create applications for use in smart
retail environments.
The findings presented in this paper identify fundamental principles for designing for
computationally-enhanced retail environments. These principles are distilled from over two
hundred published research studies on human-computer interaction, ubiquitous computing,
proxemic interaction design, augmented/mixed reality, artificial intelligence, inclusive design,
retail architectural design, cognitive science, embodied cognition, digital marketing, retail
strategy, and related fields. This analysis reveals a core set of principles relevant to user
experience design that are independent of any particular technology platform. The result is a
roadmap to the future of shopping.
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Define the Actionable Context
1. Define Your Focus (What is ‘actionable’ to you?)
2. Define the methods of collecting this information
18 references informed this principle
Earn Their Trust
1. Be transparent
2. Be accurate
3. Be responsive
11 references informed this principle
Give them what the ‘real-world’ can’t
1. Lower the cost of search
2. Give them smart, hyper-relevant recommendations
3. Track their progress and spending for them
4. Provide a quick checkout
15 references informed this principle
Reduce the complexity of the physical environment
1. Simplify their view of the store
2. Focus on items of explicit interest to the shopper
Accessibility Considerations
18 references informed this principle
Let them focus on the real world
1. Modality matters - alerts should be relevant and distinct
2. Don’t be needy - the shopper’s primary focus is on the environment
3. Show, don’t tell
4. Detect and adapt to the attention of the shopper
5. Adapt calls-for-attention (CFA) to the situation or environment
Accessibility Considerations
14 references informed this principle
Emulate & Augment the ‘direct product experience’
1. Map the physical to the virtual
2. Natural interactions lead to confident purchase decisions
3. Inclusion (accessibility) First!
11 references informed this principle
Keep the shopper moving
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1. Keep all the shoppers moving
2. Navigation should be proactive
3. Direct shoppers to traverse full aisles to collect their items
4. Re-route them based on shopper override or system intervention
5. Show them their orientation
6. Anticipate the need for support
14 references informed this principle
Put Shoppers in control
1. Allow shoppers to take over
2. Offer control in return for their trust
8 references informed this principle
Design hyper-relevant experiences
1. Ease into this relationship
2. Understand the goals of the shopper to meet the needs of the shopper
3. Provide hyper-relevant recommendations
4. Understand, then support their personality, preferences and processes
5. Support Natural Language
6. Leverage what people can do (focus on abilities, not disabilities)
Accessibility Consideration
16 references informed this principle
Be fun, smart, attentive, and efficient
1. Make it fun!
2. Do the thinking for them (without being creepy or pushy)
3. Assume shoppers have better things to do
19 references informed this principle
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Introduction by Karl Fast | @KarlFast | http://about.me/karlfast | May 2013
What happens when computation becomes a pervasive feature of the retail shopping
environment? Today, smartphones are transforming the in-store shopping experience. People
use their phones to learn more about specific products, compare related items, and check
competitor pricing. Where the web replaced the traditional shopping experience—you no longer
needed to visit the store—the smartphone is augmenting it. Computation is creating new
reasons to visit the mall.
This is merely the beginning. A wave of emerging technologies will deeply embed computation
into the retail environment. This means new kinds of in-store devices. It means new ways of
understanding how people shop. It means technologies that communicate with smartphones,
tablets, and other personal devices. But what it really means is that stores will be designed with
computation as an integral part of the shopping experience.
The technologies are here. Estimote Beacons, for example, are distributed wireless sensors that
can be used for indoor navigation support, proximity marketing, and contact-less payment. And
Apple introduces iBeacon, a technology for seamlessly connecting multiple devices in
close-range physical spaces.
You know how to design an e-commerce app, but how do you design for this?
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Define the Actionable
Context
Context is far more than location.
When designing applications for use in a sensor-enhanced, ‘smart’ retail environment, it’s
especially important to identify and prioritize the information that defines a shoppers’ “context”.
Take time to understand the full breadth of contextual information available to you and you’re far
more likely to find opportunities to support the shoppers’ need at a particular moment in time.

1. Define Your Focus (What is ‘actionable’ to you?)
Pervasive technologies afford us the opportunity to collect a broad range of contextual
information about shoppers, their environment, and the relationships they share. It is critically
important to define which of this information is most actionable for the goal of your design. The
resulting set of actionable contextual information should give you a greater understanding of the
full context of use of your application and t he user themselves.
As a general rule, actionable context should be persistent -- not a one-time occurrence -unambiguous, multi-faceted, and give you a better understanding of the characteristics of the
shopper.
Consider including some combination of spatial (physical & relational), temporal (time-based),
psychological (emotional), social, and cultural context.

2. Define the methods of collecting this information
When designing pervasive, in-store retail applications, an actionable set of contextual
information should contain a mix of profiled (customer supplied), sensed (captured by sensors),
and derived (interpreted from multiple sources) data. We collect this information in two distinctly
different ways:
A. Implicitly: This is generally captured through interaction with the environment. It’s primarily

© 2016 Jonathan Morgan | All Rights Reserved

6

sensed by either hardware placed in the environment (Beacon’s, NFC readers, Visible Light
Communication sensors, etc.), the shoppers handheld device, or ideally a mix of both. In fact,
the quality and accuracy of implicit data is much greater when it’s collected by multiple sensors
and/or methods.
Several types of implicitly collected information you should consider when defining your
actionable context are the shopper’s location, trajectory, cadence, and orientation in relation to
the physical space as well as the relative location of objects or other shoppers within the space.
B. Explicitly: Explicit information, on the other hand, is captured based on deliberate and
conscious actions of intent by the shopper. Anytime a shopper creates a shopping list, requests
information about a product, rates a product, or deliberately re-routes their path through the
store, they are providing explicit information.
As you can imagine, the combination of implicit and explicit contextual information opens a
world of possibilities for designers of pervasive applications. For example, the combination of
information collected from a shopper's list, sensor-based in-store analytics, and an explicit
request for help because someone spilled a gallon of milk in a specific aisle, can provide
enough contextual information for an application to redirect a shopper along a more optimal
path. Making for a far more rewarding shopping experience.
Streamlining shopping sessions of task-oriented shoppers free’s their time to explore once they
have met their goal (collected all items on their list). This has been proven to increase the
number of hedonic purchases made by these shoppers and ultimately in greater satisfaction
with the shopping experience and the brand.

In conclusion, Actionable Context:
●
●
●
●

●

helps you understand the full-context of use and the user themselves
must be persistent and multi-faceted - it can't be based on a single event
must be based on quality, unambiguous information
must be specific to your customers in relation to your store, establishment, or brand you must know your customers before you can define the contextual information that is
important to understanding them and designing for them
must help you define then adapt to the characteristics of the shopper

18 references informed this principle
[1] Achilleos, Achilleas; Yang, Kun & Georgalas, Nektarios, Context modelling and a
context-aware framework for pervasive service creation: A model-driven approach,
Pervasive and Mobile Computing, Vol. 6, No. 2, 281--296, April 2010.
[2] Adomavicius, Gediminas & Tuzhilin, Alexander, C
 ontext-aware recommender systems,
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Proceedings of the 2008 ACM conference on Recommender systems - RecSys '08, 335,
2008.
[3] Buttussi, Fabio & Chittaro, Luca, MOPET: a context-aware and user-adaptive wearable
system for fitness training., Artificial intelligence in medicine , Vol. 42, No. 2, 153--63,
February 2008.
[4] Chen, Yuanyuan, Research on user activity and context model based mobile
context-aware interaction design method, Proceedings of the 13th international conference
on Ubiquitous computing - UbiComp '11, 515, 2011.
[5] Darken, RP & Peterson, Barry, Spatial orientation, wayfinding, and representation.,
Handbook of virtual environments, 4083, 2002.
[6] Dobson, S & Nixon, P, More principled design of pervasive computing systems, Human
Computer Interaction and Interactive Systems, 2-7, 2005.
[7] Li, Ian; Dey, AK & Forlizzi, Jodi, U
 nderstanding my data, myself: supporting
self-reflection with ubicomp technologies, Conference on Ubiquitous computing, 2011.
[8] Lonsdale, P; Beale, R & Byrne, W, Using context awareness to enhance visitor
engagement in a gallery space, People and Computers, 2006.
[9] Ohanian, R & Tashchian, A, Consumers' Shopping Effort and Evaluation of Store Image
Attributes: The Roles of Purchasing Involvement and Recreational Shopping Interest,
Journal of Applied Business, 2011.
[10] Olsson, Carl Magnus; Henfridsson, Ola; S\o rensen, Carsten; Yoo, Youngjin; Lyytinen,
Kalle & De Gross, Janice, Designing Context-Aware Interaction: An Action Research
Study, 185, 233-247, 2005.
[11] Pantano, Eleonora & Laria, Giuseppe, I nnovation in Retail Process: From Consumers'
Experience to Immersive Store Design, Journal of technology management and innovation,
Vol. 7, No. 3, 194-206, 2012.
[12] Rosi, Alberto; Mamei, Marco; Zambonelli, Franco; Dobson, Simon; Stevenson, Graeme &
Ye, Juan, Social sensors and pervasive services: Approaches and perspectives, 2011
IEEE International Conference on Pervasive Computing and Communications Workshops
(PERCOM Workshops), 525-530, March 2011.
[13] Roy, Nirmalya; Gu, Tao & Das, Sajal K, S
 upporting pervasive computing applications
with active context fusion and semantic context delivery, Pervasive and Mobile Computing,
Vol. 6, No. 1, 21-42, 2010.
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[14] Strohbach, Martin & Martin, Miquel, Toward a Platform for Pervasive Display
Applications in Retail Environments, Vol. 10, No. 2, 19-27, 2011.
[15] Wobbrock, Jacob O.; Kane, Shaun K.; Gajos, Krzysztof Z.; Harada, Susumu & Froehlich,
Jon, Ability-Based Design, ACM Transactions on Accessible Computing, Vol. 3, No. 3,
1-27, April 2011.
[16] Zhang, Xiaohui & Uruchurtu, Elizabeth, A
 User Experience Perspective of Design for
Context-Aware Adaptation, 2011 Seventh International Conference on Intelligent
Environments, 1989, 322-325, July 2011.
[17] Zhu, Jian; Oliya, Mohammad; Pung, HK & Wong, WC, S
 OLE: Context-aware sharing of
living experience in mobile environments, Advances in Mobile Computing, 0-3, 2010.
[18] Kowatsch, T., Maass, Kowatsch, In-store consumer behavior: How mobile
recommendation agents influence usage intentions, product purchases, and store
preferences, Computers in Human Behavior, 2010.
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Earn Their Trust
Pervasive computing by definition places computation at the core of experiences taking place in
physical environments. This ‘computation’ largely survives off of the passive collection of
contextual information about people -- their actions, interactions, preferences, etc. This creates
a challenge for designers.
Shoppers, and people in general, are skeptical of giving up their personal information. We must
treat their context as their personal information. It is critical to adoption and continuance that we
instill a sense of trust that we are using this information for the benefit of that person. If the
perceived benefit of your application is less than the perceived risk of sharing personal
information with you, trust erodes and so does their perception of your application and
brand.
Earning trust is difficult, especially in the context of pervasive computing. It’s a long-term
relationship that needs to be nurtured over time. Trust is the cumulative result of good
experiences.
Many factors can build trust if done appropriately or erode trust if not. These factors relate to the
degree of (perceived) transparency regarding how the system uses shoppers’ information; the
accuracy of the virtual representation of the physical environment and features like navigation or
recommendations; and the overall responsiveness of the application to environmental and
manual interaction.

1. Be transparent
People are skeptical of how their information is used. Be upfront about the information you
collect and why and how it will be used. Allow them to control what they share and let them
remain anonymous if they choose. Provide options to opt-in to advanced functionality that
depends on increased access to personal information. As a rule, always ask for permission.

2. Be accurate
The level of trust shoppers have in an application is affected by how well it matches their mental
model of the expected experience. If the application doesn’t align with the expectations of its
users, they will question its accuracy. The intent of pervasive applications is not to command
constant attention, so when user’s choose to view and interact with your application, the
information it provides must be accurate and easy to comprehend.
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3. Be responsive
Trust in the application erodes when the system is slow to respond. Any lag in the time it takes
for a response from the application chips away a little bit of its perceived value. Slowness at
times is inevitable but if we provide appropriate feedback that the system is still working to catch
up, the shopper will be far more forgiving. Remember, these types of applications are used
on-the-go so the system needs to keep up with the pace of the shopper. As a rule, if it can’t
keep up, it hinders more than it helps and will be abandoned. Much like a GPS application that
gives directions two blocks too late.

11 references informed this principle
[1] Angin, Pelin; Bhargava, Bharat & Helal, Sumi, A Mobile-Cloud Collaborative Traffic
Lights Detector for Blind Navigation, 2010 Eleventh International Conference on Mobile Data
Management, 396--401, 2010.
[2] Duan, Yitao & Canny, John, Protecting User Data in Ubiquitous Computing: Towards
Trustworthy Environments, Privacy Enhancing Technologies, 2005.
[3] Lim, Brian, Improving Understanding, Trust, and Control with Intelligibility in
Context-Aware Applications, Human-Computer Interaction, May 2011.
[4] Lo Presti, S; Butler, M; Leuschel, M & Booth, C, A
 Trust Analysis Methodology for
Pervasive Computing Systems, 129-143, 2005.
[5] Octavia, J & Vanacken, Lode, Facilitating adaptation in virtual environments using a
context-aware model-based design process for User Interface Design, 2010.
[6] Ohanian, R & Tashchian, A, Consumers' Shopping Effort and Evaluation of Store Image
Attributes: The Roles of Purchasing Involvement and Recreational Shopping Interest,
Journal of Applied Business, 2011.
[7] Rosi, Alberto; Mamei, Marco; Zambonelli, Franco; Dobson, Simon; Stevenson, Graeme &
Ye, Juan, Social sensors and pervasive services: Approaches and perspectives, 2011
IEEE International Conference on Pervasive Computing and Communications Workshops
(PERCOM Workshops), 525-530, March 2011.
[8] Roussos, G., Enabling RFID in Retail, Computer, Vol. 39, No. 3, 25-30, March 2006.
[9] Roussos, George & Moussouri, Theano, C
 onsumer perceptions of privacy, security and
trust in ubiquitous commerce, Personal and Ubiquitous Computing, Vol. 8, No. 6, 416-429,
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September 2004.
[10] W. Zhu, C. Owen, L Hairong, J. Lee, P
 ersonalized In-Store E-Commerce with the
PromoPad: an Augmented Reality Shopping Assistant, 2004.
[11] Building Trust in Pervasive Retail, G. Roussos, November 2004.
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Give them what the
‘real-world’ can’t
Enhance the experience of shopping with features that add value not easily found in the
physical environment. Our applications should reduce the amount of thought and effort it takes
to plan shopping trips, manage expenses, checkout, or search for and explore products.

1. Lower the cost of search
Reduce the amount of time, thought (cognitive effort), and physical effort it takes shoppers to
find what they need. Features that help match products to shoppers’ explicit goals, like going
“low-carb”, can reduce much of the thought and effort it takes to choose the right product. Any
feature that can minimize this “cost” is worth the effort. The more tedious the search for
products, the less shoppers tend to buy.

2. Give them smart, hyper-relevant recommendations
Smart recommendations come from a deep understanding of the individual shopper. Shoppers
consistently and continuously tell you what they like and don’t like, whether they know it or not.
Their shopping lists, ratings, reviews, account preferences, shopping history, and returned
purchases give you a lot to go on. Add their physical proximity to a product, location within the
store, their trajectory, the time they linger in an area, and so on, to that and you have a truly
unique opportunity to provide value.
Consider the following:
● Take advantage of everything you know about the shopper to help them make
better decisions. If you know their 13-item shopping list contains 10 organic items,
show them organic alternatives to the other 3 or lead them past the organics aisle
in-store.
● Stray away from ‘sponsored’ or ‘featured’ products unless they match what you
know of the shopper. Since shoppers will likely be engaging these appplications
through smart phones or wearables (Apple Watch, Samsung Gear, etc.) with limited
visible space, the stakes are even higher than with traditional eCommerce experiences.
Every time you present an irrelevant recommendation or content, shoppers see less
value in your application. Over time they will begin to ignore all recommendations and
could stop using the application altogether.
● Leverage recommendations of personality matched influencers. We trust others like
us more than we do the people selling to us. S
 hocking! Personality-matched
recommendations can come from a single person (person-to-person or trusted expert
© 2016 Jonathan Morgan | All Rights Reserved
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●

recommendation) or from a like-minded group (group-to-person or endorsement). Get
creative in embedding the power of the social influence of like-minded individuals.
Understand what drives the shopper’s decisions. Some shoppers are very
price-conscious while others aren’t. Some shoppers are driven by exclusivity or being an
early adopter. Know where the shopper falls across the spectrum of motivators and
recommend accordingly. Generally speaking, deals and special offers are attractive to
shoppers but the more we know, the better we can position these incentive. Just make
sure that no matter what the deal, the product you recommend is relevant to that
shopper.

3. Track their progress and spending for them
When you track the progress of shoppers, you can proactively and automatically check items off
their shopping list and calculate the total amount of money they should expect to pay.
Functionality like this helps reduce stress by instilling a sense of security that they have not
forgotten any items while allowing them to accurately and actively control their spending.
Note: These features are very attractive to shoppers but be sure to communicate these
behind-the-scenes interactions and allow them to override the actions of the application at any
time.

4. Provide a quick checkout
If you know the contents of the shoppers’ carts, you can accurately calculate the total cost of
these items. If the shopper provides a preferred payment method in their profile, allow them to
check out without having to wait in line. The principle, ‘Be fun, smart, attentive and efficient’,
explains how extremely attractive this service is to shoppers, especially those who are
time-sensitive.

15 references informed this principle
[1] Adomavicius, Gediminas & Tuzhilin, Alexander, C
 ontext-aware recommender systems,
Proceedings of the 2008 ACM conference on Recommender systems - RecSys '08, 335,
2008.
[2] Buttussi, Fabio & Chittaro, Luca, MOPET: a context-aware and user-adaptive wearable
system for fitness training., Artificial intelligence in medicine, Vol. 42, No. 2, 153--63,
February 2008.
[3] Ebrahimi, S, SmarterDeals: A context-aware Deal Recommendation system based on
the SmarterContext Engine, 2012.
[4] Jacobs, Sunelle; Van Der Merwe, Daleen; Lombard, E & Kruger, Nadia, Exploring
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consumers preferences with regard to department and specialist food stores, International
Journal of [4] Consumer Studies, Vol. 34, No. 2, 169-178, 2010.
[5] Kourouthanassis, P & Roussos, G, Developing consumer-friendly pervasive retail
systems, IEEE Pervasive Computing, 32-39, 2003.
[6] Kourouthanassis, Panos E.; Giaglis, George M. & Vrechopoulos, Adam P., Enhancing user
experience through pervasive information systems: The case of pervasive retailing,
International Journal of Information Management, Vol. 27, No. 5, 319-335, October 2007.
[7] Park, CW; Iyer, ES & Smith, DC, The Effects of Situational Factors on In-Store Grocery
Shopping Behavior: The Role of Store Environment and Time Available for Shopping,
Journal of Consumer Research, 1989.
[8] Reischach, Felix Von; Eth, Z; Michahelles, Florian & Schmidt, Albrecht, T
 he Design Space
of Ubiquitous Product Recommendation Systems, Proceedings of the 8th International
Conference on Mobile and Ubiquitous Multimedia, 1-10, 2009.
[9] Roussos, George & Moussouri, Theano, C
 onsumer perceptions of privacy, security and
trust in ubiquitous commerce, Personal and Ubiquitous Computing, Vol. 8, No. 6, September
416-429, 2004.
[10] Savage, Norma Saiph & Baranski, Maciej, I’m feeling LoCo : A Location Based Context
Aware Recommendation System in Location-Based Recommendation System, Springer
Berlin Heidelberg, 2012.
[11] A. Degeratu, A. Rangaswamy, J. Wu, Consumer Choice Behavior in Online and
Traditional Supermarkets: The Effects of Brand Name, Price, and other Search Attributes,
International Journal of Research in Marketing, Vol. 17, No 1, P. 55-78. 2001.
[12] P. Kourouthanasis, G. Roussos, Consumers and Pervasive Retail, ELTRUN-Athens
University of Economics and Business, 2000.
[13] G. Roussos, Building Consumer Trust in Pervasive Retail, Nov. 2004.
[14] P. Kourouthanassis, D. Spinellis, G. Roussos, G. Giaglis, Intelligent Cokes and Diapers:
MyGrocer Ubiquitous Computing Environment, 2004.
[15] Checkout Optimization: 70 ways to increase conversion rates, eConsultancy, 2010.
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Reduce the complexity of
the physical environment
People look for order in their environment
out of an inherent need to organize it in
their minds.
The shopping experience is rich with sensory stimuli intended to attract and persuade shoppers
to a particular product or promotion. Stores often create distractions or inhibit direct pathways
for shoppers if it leads to an increase in impulse purchases. A common tactic in grocery stores
is to place essential items far from the store entrance in order to force shoppers to navigate a
larger area of the store. This introduces distractions that often cause shoppers to overlook items
as they navigate the store, resulting in the need to backtrack to gather missed items and a
higher level of frustration with the experience.
Complexity in the store environment might increase impulse purchases, but that doesn’t
necessarily lead to more spending. In fact, the study, Drawing Attention to Context-Awareness
with CaST: A Context-Aware Shopping Trolley, shows that s
 hopper frustration can
significantly decrease the amount of money shoppers spend on a given trip because
frustrated shoppers are more likely to deviate from their initial plan. Longer-than-expected
shopping trips tend to make shoppers more purposeful and, in turn, increases their reliance on
shopping lists; it decreases exploratory behaviors and overall time shopping; and reduces their
tendency to make hedonic purchases. This has also been found to motivate shoppers to
purchase less items in order to qualify for express or self-checkout lanes to make up lost time.
Remember, good experiences make happy customers and happy customers are more loyal
customers. Design the complexity out of the environment!

1. Simplify their view of the store
A simplified but accurate representation of the store eliminates unnecessary elements much like
a subway map does for a city. Design the map of the store so that it divides the complex space
into smaller, more easily identifiable and navigable areas. Focus on districts (produce),
© 2016 Jonathan Morgan | All Rights Reserved
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landmarks (citrus fruit table), and routes (take me to the oranges) as well as the holistic view of
the store. These varying levels of focus allows shoppers to identify familiar landmarks and
regain their orientation within the environment.

2. Focus on items of explicit interest to the shopper
Shopping lists and other explicit declarations of intent allow the application to further simplify the
view of the store by focusing distinctly on the items, routes and landmarks relevant to the
products shoppers have chosen. Ideally, these lists are the primary refinement that defines how
we virtually represent the physical environment. Therefore it’s important to allow shoppers to
create or edit lists whenever and wherever is convenient. This includes planning at home, while
shopping, or anywhere they have the time or motivation to do so. Learn more in the principle,
“Be fun, smart, attentive, and efficient”.

Accessibility Considerations
The perceived complexity of the store environment is relative to the abilities of the individual
shopper as well as their familiarity with the environment. Novice users and individuals with
physical or cognitive deficiencies greatly benefit from simplified representations of complex
environments and situations like those associated with shopping.

18 references informed this principle
[1] Bhattacharya, Sourav & Pulkkinen, Teemu, M
 onstre: A mobile navigation system for
retail environments on Smart Mobile, 2011.
[2] Darken, RP & Peterson, Barry, Spatial orientation, wayfinding, and representation,
Handbook of virtual environments, 4083, 2002.
[3] Halvey, M & Keane, M T, Memory zones for online supermarket shopping, Vol. 2, No. ii,
586-590, 2004.
[4] Hui, Sam K.; Bradlow, Eric T. & Fader, Peter S., T
 esting Behavioral Hypotheses Using an
Integrated Model of Grocery Store Shopping Path and Purchase Behavior, Journal of
Consumer Research, Vol. 36, No. 3, 478-493, October 2009.
[5] Inman, JJ; Winer, RS & Ferraro, Rosellina, The Interplay Among Category
Characteristics, Customer Characteristics, and Customer Activities on In-Store Decision
Making, Journal of Marketing, Vol. 73, 19-29, September 2009.
[6] Jacobs, Sunelle; Van Der Merwe, Daleen; Lombard, E & Kruger, Nadia, Exploring
consumers preferences with regard to department and specialist food stores, International
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Journal of Consumer Studies, Vol. 34, No. 2, 169-178, 2010.
[7] Lo Presti, S; Butler, M; Leuschel, M & Booth, C, A
 Trust Analysis Methodology for
Pervasive Computing Systems, 129-143, 2005.
[8] Pantano, Eleonora & Laria, Giuseppe, I nnovation in Retail Process: From Consumers'
Experience to Immersive Store Design, Journal of technology management and innovation,
Vol. 7, No. 3, 194-206, 2012.
[9] Salvador, Tony; Barile, Steve & Sherry, John, Ubiquitous Computing Design Principles :
Supporting Human-Human and Human-Computer Transactions, 1497-1500, 2004.
[10] Vanderhulst, G; Luyten, Kris & Coninx, K, P
 ervasive maps: Explore and interact with
pervasive environments, 2010 IEEE International Conference on Pervasive Computing and
Communications, 227-234, 2010.
[11] J. Larson, E. Bradlow, P. Fader, A
 n Exploratory Look at Supermarket Shopper Paths,
2005.
[12] K. Lynch, M. Rivkin, A Walk Around the Block, Landscape, 1959.
[13] D. Black, N.J. Clemmensen, D
 rawing Attention to Context-Awareness with CaST: A
Context-Aware Shopping Trolley, 2006.
[14] M. Tendai, C. Crispen, In-store shopping environment and impulsive buying, June
2009.
[15] F. Hendrichs, D. Schreiber, J Schoning, T
 he Hybrid Shopping List: Bridging the Gap
between Physical and Digital Shopping Lists, MobileHCI ’11, pages 251-254, 2011.
[16] A. Clark, D. Chalmers, The Extended Mind, 1998.
[17] L. Terrenghi, A Taxonomy for and Analysis of Multi-Person-Display Ecosystems, 2009.
[18] S. Carmien, M. Dawe, G. Fischer, A. Gorman, A. Kintsch, J. Sullivan Jr., S
 ocio-Technical
Environments Supporting People with Cognitive Disabilities Using Public Transportation,
2004.
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Let them focus on the real
world
Pervasive applications should not distract from shoppers' natural interactions with products,
each other, and the environment. Shoppers’ focus should remain on their physical surroundings
until either they choose to focus on the application or the application takes action to assist them
in completing their task.
These calls-for-attention (CFA) should be contextually appropriate and take advantage of
multiple modalities (visual, auditory and haptic) to accommodate differences in the abilities of
shoppers and the current state of their immediate environment.

1. Modality matters - alerts should be relevant and distinct
High-value events require shoppers’ attention. They should be distinct, emphatic, and relevant.
As a general rule, the greater the risk that the shopper will go off task, the more distinct the CFA
should be. Reserve audible and haptic methods for infrequent, but critical alerts or to escalate
an earlier alert that had gone unnoticed. This helps to avoid habituation or desensitization to
these type of feedback. You don’t want your shoppers to become blind to the fact that their
attention is needed.

2. Don’t be needy - the shopper’s primary focus is on the
environment
The most useful pervasive applications stay out of the way until they are needed. They limit the
amount of dialog with the shopper and are smart enough to know when to ask for attention. By
attracting attention only at key points in the experience, they allow shoppers to more accurately,
efficiently and safely distribute their attention between the environment and your application.

3. Show, don’t tell
Display a persistent view of the shoppers’ environment. Visually explain the context, but allow
them to zoom in on areas or elements of interest. This contextual view of the environment
allows shoppers to quickly orient themselves, understand their options and choose the best
path. The visual representation should provide them anytime/anywhere access to just about
anything the application or environment has to offer. But remember, this is a pervasive
application -- it should not be the focus; the environment should be.
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4. Detect and adapt to the attention of the shopper
While the system actively tracks shoppers and their context, the application patiently waits for a
cue to act. Don’t wait for shoppers to tap, swipe, or yell to get the application’s attention.
Most modern mobile devices have front-facing cameras and some have proximity sensors (and
who knows what’s next). Utilize these features to sense the attention of the shopper and adapt
accordingly. If your application can detect the focus of the shopper, it can more accurately
assess the need to adapt its feedback methods and modalities. For instance, if the shopper is
looking at the device, there may not be a need for an audible alert to an approaching event.

5. Adapt calls-for-attention (CFA) to the situation or
environment
Understanding the context of the shopper includes situational factors of the environment, like
ambient noise and inconsistent lighting. This information can be used to more accurately
choose the modality of a CFA. For instance, in a loud environment, there is a point where
raising the volume of an audible alert is less a solution than it is an aggravation. In situations like
this, the application should escalate its CFAs appropriately and distinctly, perhaps with a
random or erratic pattern of vibrations.
Example: A shopper is presented with a visual CFA, but does not appear to be paying
attention. The system escalates the CFA to include auditory cues. If that cue is ignored, the
system increases the volume only to the level that it will not distract other shoppers. The system
then escalates the CFA by flashing the display with a bold color (visual) or vibrating the device
in a distinct pattern (haptic).

Accessibility Considerations
Audible and haptic feedback can help visually and cognitively impaired shoppers better
understand and navigate the environment than visual cues can alone. Haptic feedback should
replace audible feedback in areas with excessive ambient noise or if the shopper requests silent
operation.

14 references informed this principle
[1] Baber, C; Bristow, H; Cheng, S; Hedley, A; Kuriyama, Y; Lien, M; Pollard, J & Sorrell, P,
Augmenting Museums and Art Galleries, 439--446, 2001.
[2] Li, Ian; Dey, AK & Forlizzi, Jodi, U
 nderstanding my data, myself: supporting
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self-reflection with ubicomp technologies, Conference on Ubiquitous computing, 2011.
[3] Lim, Brian, Improving Understanding, Trust, and Control with Intelligibility in
Context-Aware Applications, Human-Computer Interaction, May 2011.
[4] Phansalkar, Shobha; Edworthy, Judy; Hellier, Elizabeth; Seger, Diane L; Schedlbauer,
Angela; Avery, Anthony J & Bates, David W, A review of human factors principles for the
design and implementation of medication safety alerts in clinical information systems.,
Journal of the American Medical Informatics Association : JAMIA, Vol. 17, No. 5, 493-501,
2010.
[5] Ritsos, PD; Ritsos, DP & Gougoulis, AS, S
 tandards for Augmented Reality: a User
Experience Perspective, Standards Meeting, 1-9, February 17, 2011.
[6] Roy, Nirmalya; Gu, Tao & Das, Sajal K, S
 upporting pervasive computing applications
with active context fusion and semantic context delivery, Pervasive and Mobile Computing,
Vol. 6, No. 1, 21-42, 2010.
[7] Srinivas, Preethi; Huang, Haidan; Pirzadeh, Afarin & Bolchini, Davide, Clever Shopper:
Supporting In-Store Decision-Making, 2011.
[8] Wobbrock, Jacob O.; Kane, Shaun K.; Gajos, Krzysztof Z.; Harada, Susumu & Froehlich,
Jon, Ability-Based Design, ACM Transactions on Accessible Computing, Vol. 3, No. 3, 1-27,
April 2011.
[9] Zhang, Xiaohui & Uruchurtu, Elizabeth, A
 User Experience Perspective of Design for
Context-Aware Adaptation, 2011 Seventh International Conference on Intelligent
Environments, 1989, 322-325, July 2011.
[10] D. Black, N.J. Clemmensen, D
 rawing Attention to Context-Awareness with CaST: A
Context-Aware Shopping Trolley, 2006.
[11] j. Vermeulen, Improving Intelligibility and Control in Ubicomp, Hasselt University,
Ubicomp ’10, Sept. 2010.
[12] T. Ballendat, N. Marquart, S. Greenberg, P
 roxemic Interaction: Designing for a
Proximity and Orientation-Aware Environment, November 2010.
[13] D. Black, N.J. Clemmensen, W
 hen More is Less: Designing for Attention in Mobile
Context-Aware Computing – Exploring a Context-Aware Shopping Trolley, Aalborg
University, 2006.
[14] N.J. Clemmensen, Reduce Task Complexity by Dividing Attention: Exploring a
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Context-Aware Shopping Trolley, D. Black, 2006.
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Emulate & Augment the
‘direct product experience’
The Direct Product Experience is the full sensory interaction that shoppers have with physical
products and their immediate environment. Pervasive applications should be on-call to facilitate
a robust sensory experience to allow self-guided exploration of the elements of the product that
the shopper needs to make a confident purchase.

1. Map the physical to the virtual
Previous knowledge of the physical properties of a product makes the act of finding and
choosing that product easier and faster. A consistent visual representation between physical
and virtual products can reduce the amount of thought and effort it takes to shop. This visual
representation should consider the particular product name, description, size and form.
Communication of this information should be consistent across a
 ll channels. Keep a close eye
out for changes to the products you stock. Any discrepancies between what shoppers see on
their screens and what they see on the shelf will potentially slow them down, confuse them,
frustrate them, and erode their trust in the application. The devil is in the details.

2. Natural interactions lead to confident purchase decisions
Allow the shopper to naturally interact with and manipulate the virtual representation of the
product. People use multiple senses when interacting with a product and they explore it at
varying levels of focus. The more difficult the decision, the more deeply they explore the
information available. If we limit how shoppers can interact with our virtual representations of
products, we will likely inhibit their ability to make confident decisions. In fact, H. Li, et. al.
conclude in their study, The Role of Virtual Experience in Consumer Learning, that retailers who
utilize robust virtual interaction techniques tend to reduce the number of returned purchases.

3. Inclusion (accessibility) First!
Ask yourself what information you need to confidently buy a loaf of bread. Consider that you are
gluten intolerant but you’ve never bought gluten-free bread before. Now consider that you are in
a wheelchair and can’t reach the loaves you’d like to compare. What does each loaf feel like?
Are they dense or light and fluffy? Are they mass-produced and packaged 3,000 miles away or
baked locally? How can your design help in this situation?
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If we mandate inclusion as a consideration in our designs, we can help e
 veryone make more
informed decisions.

11 references informed this principle
[1] Cooper, D, User and design perspectives of mobile augmented reality, 2011.
[2] Kourouthanassis, Panos E.; Giaglis, George M. & Vrechopoulos, Adam P., Enhancing user
experience through pervasive information systems: The case of pervasive retailing,
International Journal of Information Management, Vol. 27, No. 5, 319-335, October 2007.
[3] Malaka, Rainer & Porzel, Robert, Design Principles for Embodied Interaction: The Case
of Ubiquitous Computing, KI 2009: Advances in Artificial Intelligence, 2009.
[4] Pantano, Eleonora & Laria, Giuseppe, Innovation in Retail Process: From Consumers'
Experience to Immersive Store Design, Journal of technology management and innovation,
Vol. 7, No. 3, 194-206, 2012.
[5] D. Black, N.J. Clemmensen, W
 hen More is Less: Designing for Attention in Mobile
Context-Aware Computing – Exploring a Context-Aware Shopping Trolley, Aalborg
University, 2006.
[6] S. Fiore, A Critical Approach to the Experiential Design of On-line Grocery Stores,
2002.
[7] P. Kourouthanasis, G. Roussos, C
 onsumers and Pervasive Retail, ELTRUN-Athens
University of Economics and Business, 2000.
[8] G. Roussos, Building Trust in Pervasive Retail, November 2004.
[9] H. Li, T. Daugherty, F. Biocca, The Role of Virtual Experience in Consumer Learning,
2001 – rev. 2002.
[10] Best Practice Guide: Product Pages, Econsultancy, 2010.
[11] S. Dominica (Occupational Therapist), G
 rocery Shopping Tips for Adults with Special
Needs, DailyLivingSkills.com, viewed Dec. 2012.
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Keep the shopper moving
Pervasive retail applications should assist the shopper in navigating the physical environment
(the store). This navigation should consider all relevant contextual information available to it and
adapt accordingly. In most cases, shoppers have tasks and objectives they need to accomplish.
The longer they take to do this, the more purposeful they become and the less time they spend
exploring. Design pervasive applications to minimize distractions inherent to the environment
and keep them moving to allow them to find essential products quickly. When we keep them
moving towards their goal, we free their time to explore.

1. Keep all the shoppers moving
Like it or not, we’re in this together. Pervasive applications should use the collective (distributed)
contextual information of discrete shoppers in relation to all shoppers in the store to optimize
traffic patterns and reduce congestion.
Example: If an area of the store has become congested, the system re-routes the shopper to
avoid the area.

2. Navigation should be proactive
Timely instructions and a longer sequence of directions to the next landmark allow the shopper
to keep moving as well as reduces the amount of thought it takes them to reach their
destination.

3. Direct shoppers to traverse full aisles to collect their items
Shoppers want their shopping paths to be as efficient as possible. Many factors can affect their
ability to progress through the store, including aisle congestion or unfamiliarity with the location
of items. Navigation features should take advantage of environmental information to limit the
amount of backtracking for the shopper, thus reducing frustration and time spent shopping.
Example: The shopper has five items on a list. The system provides an optimal path that leads
down entire aisles to keep forward momentum (as opposed to dipping in and out of aisles) until
done.

4. Re-route them based on shopper override or system
intervention
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Shoppers should be able to update or edit their shopping list while in the store. The system
should recognize a change to the list, then utilize it to recalculate the optimal path. This applies
equally to events the system detects, like congestion in a particular area of the store, and a
shopper that has deviated from the recommended path. The system should make every effort to
seamlessly correct errors (human or system) to keep shoppers moving along a forward path, but
always allow them to override and manually re-route on the fly.
Example: A shopper follows the path provided by the system until seeing a friend three aisles
away. The shopper walks to her friend to say hi. The system detects deviation from the
navigation path and re-routes the shopper to provide them the most optimal path based on her
new location.

5. Show them their orientation
The virtual view of the shopper should show their real orientation. Most GPS-enabled navigation
systems do this. The map should show directional cues to inform shoppers which way they are
facing. Without these cues, they may be forced to re-orient themselves in their heads;
essentially making an (up to) 180-degree cognitive rotation - turning the map upside down in
their mind.

6. Anticipate the need for support
The system should prompt and initiate calls for assistance and provide contextual help based on
patterns indicative of confused or lost customers.
Example: A shopper spends an extended period of time in a single aisle or navigates
repeatedly between two aisles. The system detects this and assumes the shopper is having
difficulty, so it asks if the shopper needs help finding something. If the shopper says “yes,”, the
system presents an automated method for help. If the automated method fails, the shopper is
presented options to have a human representative help.

14 references informed this principle
[1] Bhattacharya, Sourav & Pulkkinen, Teemu, M
 onstre: A mobile navigation system for
retail environments on Smart Mobile, 2011.
[2] Bohnenberger, Thorsten & Jameson, Anthony, L
 ocation-aware shopping assistance:
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Evaluation of a decision-theoretic approach, Computer Interaction, 2002.
[3] Breugelmans, Els & Campo, Katia, Effectiveness of in-store displays in a virtual store
environment, Journal of Retailing, 2011.
[4] Darken, RP & Peterson, Barry, Spatial orientation, wayfinding, and representation,
Handbook of virtual environments, 4083, 2002.
[5] Hui, Sam K.; Bradlow, Eric T. & Fader, Peter S., T
 esting Behavioral Hypotheses Using an
Integrated Model of Grocery Store Shopping Path and Purchase Behavior, Journal of
Consumer Research, Vol. 36, No. 3, 478-493, October 2009.
[6] Lonsdale, P; Beale, R & Byrne, W, Using context awareness to enhance visitor
engagement in a gallery space, People and Computers, 2006.
[7] Roussos, George & Moussouri, Theano, C
 onsumer perceptions of privacy, security and
trust in ubiquitous commerce, Personal and Ubiquitous Computing, Vol. 8, No. 6, September
416-429, 2004.
[8] Roy, Nirmalya; Gu, Tao & Das, Sajal K, S
 upporting pervasive computing applications
with active context fusion and semantic context delivery, Pervasive and Mobile Computing,
Vol. 6, No. 1, 21-42, 2010.
[9] S. Carmien, M. Dawe, G. Fischer, A. Gorman, A. Kintsch, J. Sullivan Jr., Socio-Technical
Environments Supporting People with Cognitive Disabilities Using Public Transportation,
2004.
[10] J. Larson, E. Bradlow, P. Fader, A
 n Exploratory Look at Supermarket Shopping Paths,
April 2005.
[11] M. Tendai, C. Crispen, In-store shopping environment and impulsive buying, June
2009.
[12] T. Ballendat, N. Marquart, S. Greenberg, P
 roxemic Interaction: Designing for a
Proximity and Orientation-Aware Environment, November 2010.
[13] D. Black, N.J. Clemmensen, W
 hen More is Less: Designing for Attention in Mobile
Context-Aware Computing – Exploring a Context-Aware Shopping Trolley, Aalborg
University, 2006.
[14] Marquardt, N., Greenberg, S. (2011), I nforming the Design of Proxemic Interactions,
Research Report 2011-1006-18, Department of Computer Science, University of Calgary,
Calgary, AB, Canada T2N IN4, July.
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Put Shoppers in control
Happiness is the feeling of control
No one likes to feel like they’ve lost control. The nature of a pervasive application is to
seamlessly integrate into a person's normal routine. This is largely accomplished by making
assumptions about the shopper based on their actions and interactions, then executing what is
believed to be the most relevant response. It’s impossible to make accurate assumptions 100%
of the time. We need to accept that our applications won’t be perfect and design to error
scenarios. Allow shoppers to step in, turn off auto-pilot, and take control for themselves.

1. Allow shoppers to take over
Manual control of the system is very important to users of pervasive applications. We must allow
them the freedom to interact with the system to inspect, override, discard, revert, store, retrieve,
focus, preview, and generally kick the tires. Give them the ability to quickly explore the
application and environment from the smallest detail associated with a product to the entire
context of the store. These manual explorations support shoppers in making decisions as well
as help them assess their location and orientation in the full context of the store.

2. Offer control in return for their trust
By allowing shoppers to control their experiences as well as the information we collect, we build
trust that we are here to help them and not just sell to them. Build trust that we’re not just taking
their information, but using it to help them. Most people don’t trust sharing their personal or
behavioral information. So, we must be transparent in our intentions and let them control what
they share with the application. More on this in the principle, ‘Earn their Trust’.

8 references informed this principle
[1] Darken, RP & Peterson, Barry, Spatial orientation, wayfinding, and representation,
Handbook of virtual environments, 4083, 2002.
[2] Kulkarni, Ajay, Design Principles of a Reactive Behavioral System for the Intelligent
Room, Bitstream: The MIT Journal of EECS Student Research, 1-6, 2002.
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[3] Malaka, Rainer & Porzel, Robert, Design Principles for Embodied Interaction: The Case
of Ubiquitous Computing, KI 2009: Advances in Artificial Intelligence, 2009.
[4] Pantano, Eleonora & Laria, Giuseppe, I nnovation in Retail Process: From Consumers'
Experience to Immersive Store Design, Journal of technology management and innovation,
Vol. 7, No. 3, 194-206, 2012.
[5] Sagaran, Camarasen; Dehghantanha, Ali & Ramli, Rohaini, A
 User-Centered
Context-Sensitive Privacy Model in Pervasive Systems, 2010 Second International
Conference on Communication Software and Networks, 78-82, 2010.
[6] Wobbrock, Jacob O.; Kane, Shaun K.; Gajos, Krzysztof Z.; Harada, Susumu & Froehlich,
Jon, Ability-Based Design, ACM Transactions on Accessible Computing, Vol. 3, No. 3, 1-27,
April 2011.
[7] Zhang, Xiaohui & Uruchurtu, Elizabeth, A
 User Experience Perspective of Design for
Context-Aware Adaptation, 2011 Seventh International Conference on Intelligent
Environments, 1989, 322-325, July 2011.
[8] Ziefle, Martina & Rocker, Carsten, A
 cceptance of pervasive healthcare systems: A
comparison of different implementation concepts, Proceedings of the 4th International ICST
Conference on Pervasive Computing Technologies for Healthcare, 2010.
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Design hyper-relevant
experiences
Design for them, not ‘people like them’
Collecting the contextual information a shopper comes with a lot of responsibility. Over time, our
applications can collect massive amounts of information on shoppers' habits, product
preferences, dietary needs, personal style, and so on. These shoppers have trusted us with
their information, so it’s our duty to give them something of value in return. This value needs to
be greater than the perceived risk of giving up information about themselves. For our
applications to be most relevant to our shoppers, we must customize their experience to be as
personal, efficient, fun, and rewarding as possible.

1. Ease into this relationship
As shoppers begin using our applications, the data we collect is difficult to confidently act on. It’s
general and ambiguous. Even information explicitly provided by shoppers early on isn’t enough
to inform long-term personalizations. Remember, ‘actionable context’ is persistent and
unambiguous. One-time events aren’t enough to accurately define relevant personalizations.
As a customer interacts with the environment and application over time, our inferences or ‘best
guesses’ increase in accuracy, or at least they better. The more information we have, the more
explicit and direct our personalizations can be. Don’t jump the gun. There is far greater risk that
shoppers will abandon your application if it is overly presumptive and inaccurate in its
recommendations and personalizations.

2. Understand the goals of the shopper to meet the needs of
the shopper
Understanding the goals of the shopper is extremely powerful information when driving
personalization and customization. As we build a more complete understanding of the shoppers
purchase behaviors, shopping cadence, average transaction amount, time spent shopping, etc.,
we can assume what their goals are at a high level. The accuracy of our assumptions is not
guaranteed so it’s important to seek opportunity to get explicit validation from the shopper. For
example, if a shopper consistently purchases reduced-fat products and they are spending a
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long time in close proximity to the yogurt section, ask the shopper if they would like to compare
the nutritional values of yogurt currently available on the shelf in front of them.
Timing is critical. Don’t be afraid to directly ask the shopper what they need to accomplish or
want from the shopping experience. But be sure to ask them at a time that maximizes their
benefit while minimizing the inconvenience of providing an answer.
Sidebar: The combination of implicitly collected contextual information, an accurate
understanding of the shoppers long-term (“lose weight”) and short-term (‘spend less than $80 at
store’) goals is key to providing the most relevant and valuable recommendations.

3. Provide hyper-relevant recommendations
Hyper-relevant recommendations are the byproduct of intimately understanding the customer.
This class of personalization is most successful when we leverage a diverse mix of quantitative
and qualitative information of a particular shopper.
Scenario: A shopper regularly visits a store several times a week to purchase small quantities
of products -- never anything more than she can carry in a handbasket. She tends to shop very
slowly on each trip and on occasion uses a store-supplied electric cart. The majority of her time
spent in store is in the dairy and produce departments. An assumption might be made that this
is an elderly or otherwise physically challenged individual who feels it is important to personally
inspect dairy products and produce prior to purchase. A highly relevant (hyper-relevant)
recommendation might be to offer scheduled home delivery for some of her regularly purchased
products, reserving high-touch products like dairy and produce for her regular shopping trips.
The closer we are to providing recommendations based on accurate “personalities” of the
shopper, the more likely we are to help people reach their goals, deepen engagement with your
brand, and ultimately help you sell more products. Win-Win-Win!

4. Understand, then support their personality, preferences
and processes
For the application to seamlessly weave into shoppers’ normal interaction with the environment,
we must support them as they plan (create lists, collaborate), shop, complete their purchase
(checkout) and reflect on their experience. The method and extent of support we need to
provide depends on shoppers’ personalities as well as the speed or cadence with which they
prefer to shop. A task-driven or goal-oriented shopper just wants to get in, buy their stuff, then
get out. Recreational shoppers may take their time, collaborate or engage with friends and
family. The latter might find an application pushy if the experience is optimized for the
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fast-paced nature of the task-oriented shopper. If you don’t have enough information to
accurately support a shopper, strike a balance between utility and sport.

5. Support Natural Language
Provide a robust vocabulary of terms related to the products and environment to allow shoppers
to communicate with the application in a more natural and personal way. For instance, some
shoppers might be looking for soda, while others want pop. We know the meaning of these two
words are the same and so should your application. Understanding the personal subtleties of
shopping is one thing, communicating it is another.

6. Leverage what people can do (focus on abilities, not
disabilities)
Our applications should be designed with the understanding that shoppers have different levels
of experience at shopping and potentially, physical and cognitive impairments that can limit their
ability to complete their tasks. This includes situational-induced impairments like loud noise or
inadequate lighting. Our applications should sense when a shopper is having difficulty and
intervene when necessary. It should then use this information to improve their experience in the
future.
As a general rule, design for flexibility, personalization and inclusion and the shoppers’
experience will be uniquely rewarding.

Accessibility Consideration
Measuring the cadence of the shopper can be valuable in determining the degree of mobility of
the shopper (walking with a basket, pushing a cart, riding a wheelchair).

16 references informed this principle
[1] Adomavicius, Gediminas & Tuzhilin, Alexander, C
 ontext-aware recommender systems,
Proceedings of the 2008 ACM conference on Recommender systems - RecSys '08, 335,
2008.
[2] Berry, Leonard L.; Bolton, Ruth N.; Bridges, Cheryl H.; Meyer, Jeffrey; Parasuraman, A. &
Seiders, Kathleen, Opportunities for Innovation in the Delivery of Interactive Retail
Services Journal of Interactive Marketing, Vol. 24, No. 2, 155-167, May 2010.
[3] Bhattacharya, Sourav & Floren, P, Ma \$ \$ iv-An Intelligent Mobile Grocery Assistant
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Intelligent, 2012.
[4] Camara, A, Natural user interfaces, Proceedings of the 13th IFIP TC 13 international,
2011.
[5] COOPER, D, User and design perspectives of mobile augmented reality, 2011.
[6] Dobson, S & Nixon, P, More principled design of pervasive computing systems, Human
Computer Interaction and Interactive Systems, 2-7, 2005.
[7] Kourouthanassis, P & Roussos, G, Developing consumer-friendly pervasive retail
systems, IEEE Pervasive Computing, 32-39, 2003.
[8] Kourouthanassis, Panos E.; Giaglis, George M. & Vrechopoulos, Adam P., Enhancing user
experience through pervasive information systems: The case of pervasive retailing,
International Journal of Information Management, Vol. 27, No. 5, 319-335, October 2007.
[9] Li, Ian; Dey, AK & Forlizzi, Jodi, U
 nderstanding my data, myself: supporting
self-reflection with ubicomp technologies, Conference on Ubiquitous computing, 2011.
[10] Malizia, Alessio & Bellucci, Andrea, The artificiality of natural user interfaces,
Communications of the ACM, Vol. 55, No. 3, 36, March 2012.
[11] Savage, Norma Saiph & Baranski, Maciej, I’m feeling LoCo : A Location Based Context
Aware Recommendation System in Location-Based Recommendation System, Springer
Berlin Heidelberg, 2012.
[12] Tamura, Hiroshi; Sugasaka, Tamami & Ueda, Kazuhiro, Enhancing grocery shopping
experiences, Proceedings of the 12th international conference on Entertainment and media in
the ubiquitous era - MindTrek '08, 114, 2008.
[13] Wobbrock, Jacob O.; Kane, Shaun K.; Gajos, Krzysztof Z.; Harada, Susumu & Froehlich,
Jon, Ability-Based Design, ACM Transactions on Accessible Computing, Vol. 3, No. 3, 1-27,
April 2011.
[14] Xu, Jie; Chen, PY & Uglow, Scott, Design Challenges and Guidelines for Persuasive
Technologies that Facilitate Healthy Lifestyles, Computer Technology, Vol. 3, 140--147,
2012.
[15] Zhang, Xiaohui & Uruchurtu, Elizabeth, A
 User Experience Perspective of Design for
Context-Aware Adaptation, 2011 Seventh International Conference on Intelligent
Environments, 1989, 322-325, July 2011.
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[16] A. Degeratu, A. Rangaswamy, J. Wu, Consumer Choice Behavior in Online and
Traditional Supermarkets: The Effects of Brand Name, Price, and other Search Attributes,
International Journal of Research in Marketing, Vol. 17, No 1, P. 55-78. 2001.
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Be fun, smart, attentive,
and efficient
Your significant other will be jealous of
your application!
1. Make it fun!
Designing an application that is fun doesn’t mean it has to be a game. Remember, your
shoppers still have goals you need to support. Think of fun in terms of making it engaging,
compelling, enjoyable and collaborative. Each of these elements are known to increase
continuance, satisfaction, loyalty and motivation. Perhaps you can incorporate social shopping
features, like real-time collaborative shopping*, or just lighten up the language you use. When
an experience is fun, the shopper is more motivated to use it and satisfied with the outcome.
*check out Instacart’s social shopping feature. It is simple and powerful!

2. Do the thinking for them (without being creepy or pushy)
Fundamental to the perceived value of a pervasive application is how well it augments and
extends the cognitive abilities of the shopper. Our applications should make shopping lists and
cart contents readily available; display how much money the shopper has spent and how to find
the best deal; and be on-call with information relevant to the task at hand. While the list of
features that might support a shopper in this sense are extensive, there are a few that designers
of pervasive retail applications should seriously consider:
A. Show the shopper what the product label can’t. Product information is a strong
influence on purchase decisions. Shoppers are unique individuals who need different
information to make confident purchase decisions. Provide comprehensive product
information not readily available in the physical environment but don’t overwhelm the
shopper by showing it all at once. Use what you learn about the shopper over time to
elevate the most relevant supporting information on a particular product but always let
the shopper take control. Learn from these manual overrides to further personalize future
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interactions with the application.
B. Allow for constant visibility of cart contents and cost. The ability to monitor the total
cost of items in a shoppers’ cart is one of the most attractive features for pervasive
shopping applications. It helps shoppers monitor their budget more effectively than
traditional in-store shopping and fosters trust in the store/brand.
C. Facilitate list building, editing, collaboration and sharing. L
 ists are one of the most
important (if not the most important) steps when planning a shopping trip.
Lists, in general, help people focus and decrease the amount of cognitive effort it takes
them to complete a task. It essentially becomes an extension of their mind. List
information should be used to feed the profile of the individual as well as filter the view of
the environment (see “Reduce Complexity of the Physical Environment”). Lists can be
the most powerful and relevant explicit inputs that define the holistic ‘personality’ of the
shopper. Design simple, omni-channel, device-agnostic, collaborative features that help
shoppers build, edit, organize and dynamically check off items on their lists.

3. Assume shoppers have better things to do
Much to retailers chagrin, shoppers don’t always want to hang out and wander around their
stores. We must approach our designs with the assumption that the shopper has a goal that we
need to support. If we don’t support their goals, our applications will lose their attention quickly
and end up in the junk drawer of unused apps or just deleted. Some rules you should consider
include:
A. Expedite their access to necessities to afford them more time to explore. Features
designed to help shoppers navigate the store should be proactive. When our application
is one (or two) step(s) ahead of the shopper, it helps alleviate uncertainty and minimize
the negative effects of time-pressure.
B. Show the shopper what’s available, where to find it and how to get there with the
least amount of stress. Shoppers will then have more time to explore.
C. Provide a smart, predictive, natural language search. Difficulty finding items through
search has a profound negative effect on shoppers’ ability and willingness to purchase.
Provide a method to search for products and accommodate for the nuances of how
individuals communicate (think “soda” vs. “‘pop”). Search is important, but should not be
the primary focus. Remember, these applications are meant to be used “in the wild.” Just
think of search as a crutch (just make sure it’s a damn good one!).
D. Know your inventory, then let the shopper know immediately if the item they want
is out of stock. Don’t let them waste their time navigating to a product that isn’t there.
Inventory awareness opens up the opportunity to use what you know of the shopper to
recommend highly relevant alternatives.
E. Provide a smart checkout. I f you know what the shopper has in their cart (ideally, you
will), let them bypass or minimize their time in the checkout queue. According to
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Kourouthanassis, et. al. , this is the most attractive proposed feature for shoppers,
especially time-sensitive and recreational shoppers.

19 references informed this principle
[1] Al-maghrabi, T; Dennis, C; Vaux Halliday, S & BinAli, A Determinants of Customer
Continuance Intention of Online Shopping, International Journal of Business Science and
Applied Management, Vol. 6, No. 1, 41--66, 2011.
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