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But we need more than that.
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2Christine Bauer: Ratings in, rankings out. Keep it simple, they said. But we need more than that.

We need the ‘right’ information,  
at the ‘right’ time,  
in the ‘right’ place,  
in the ‘right’ way,  

to the ‘right’ person.

Gerhard Fischer (2012)—and many others
Gerhard Fischer (2012). Context-aware systems: the “right” information, at the “right” time, in the “right” 

place, in the “right” way, to the “right” person. In Proceedings of the International Working Conference 
on Advanced Visual Interfaces (AVI ’12), pp 287–294. DOI: 10.1145/2254556.2254611 



Input

Explicit ratings

Ratings in, rankings out.  
It’s simple, isn’t it?
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Implicit ratings

☺☺☺

Output

1. … 
2. … 
3. … ☺
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Input
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Explicit feedback
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It’s good.

I did not hate it…



Implicit feedback
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Have you ever done a fail purchase? 
Have you ever bought… 

…a present for your grandma? 
…the same kitchen twice?

Have you ever listened to a song… 
…that won’t make it to your all-time-favorite collection? 
…with your children? 
…that got annoying at some point?

Have you ever clicked on items… 
…to find out what it actually is? 
…to show your friend that it’s the most awful video ever put online? 
…to waste time until the next meeting starts?

Have you ever searched for items… 
…to find out what it actually is? 
…to waste time until the next meeting starts? 
…to find a present for your grandma?
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Challenges: 
Relation of explicit and implicit feedback

• Strength of a implicit feedback 
• Stronger or weaker than explicit rating?

Christine Bauer: Ratings in, rankings out. Keep it simple, they said. But we need more than that.

Research on good predictors from implicit to explicit expression
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Challenges: 
Which feedback instrument should we use?

• Domain-specific differences 
• Suitability: Fit of fine-granularity, burden to rate 
• Establishment does not necessarily mean good/best fit 

• Individual differences 
• Preference how to express feedback 
• Preference/ability to express preference on a fine-granular scale 
• Individually perceived burden to rate 

• Context: “What should we use? — It depends.”
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The relevance of context
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Let’s imagine…
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One size does not fit all.
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depends on the person depends on the situation

https://cdn-images-1.medium.com/max/
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https://news.usc.edu/files/2014/12/
studying.jpeg-824x549.jpg

An ideal intelligent system  
is aware of its context  

and adapts to it.



Recommendation as a matrix completion problem
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Users

Items Interactions are observed in data.user x item → rating



Recommendation as a matrix completion problem
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user x item x context → rating

Users

Items

Context(s)
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Context is any information that can be used to 
characterize the situation of an entity.

Anind K. Dey (2001)
Anind K. Dey (2001). Understanding and using context. Personal and Ubiquitous Computing, 5(1), pp 4-7.



The typical approach to context  
in recommender systems research
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Everything that is 
neither the user (id)  
nor the item (id) is context.

user x item x context → rating

But what is context? 
What context is relevant? 



e.g., potentially relevant context elements  
for music recommendation

personal preferences 
▪ e.g., personality

cultural background 
▪ e.g., genres (e.g., K-

Pop)

time 
▪ e.g., Christmas songs

mood 
▪ e.g., happy, sad

purpose 
▪ e.g., relaxing,  

motivation for exercise

companion 
▪ e.g., alone, with 

children

location 
▪ e.g., in car, in Paris

speakers 
▪ e.g., subwoofer,  

tiny speakers
to be continued…
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☺



Context-aware computing
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Context is a huge and heterogenous space!

• analysis of 36 context modes 
• in 6 years of research  

on context-aware computing: 
• total of 10,498 context elements  

(3,741 unique context elements)

Christine Bauer: Ratings in, rankings out. Keep it simple, they said. But we need more than that.

Christine Bauer & Alexander Novotny (2017). A consolidated view of context for intelligent systems. Journal of Ambient Intelligence and 
Smart Environments, 9(4), pp 377-393. DOI: 10.3233/ais-170445

physical context
physical deployment environment

- functional (e.g., urban, in store, in home, in car, on road)
- indoors / outdoors
- infrastructure (e.g., building, traffic, power)
- form (e.g., design template, architectural structures, form factor, style 
of décor)
- material (e.g., type, surface, weight, robustness, chemics)
- atmospherics (e.g., light, in-house temperature, air quality, sound, 
noise, music, odor, vibration)
- degree of public / private space perception
- safety (e.g., crime, area safety)
- ownership (e.g., physical objects)
- weather (e.g., temperature, sun, wind force, rain, snowfall, climate, 
seasons, wind-chill factor, air humidity, barometric pressure, cloudiness, 
weather forecasts)
- environmental conditions (e.g., gravity, magnetic field, landscape)
- manipulability of physical conditions

location
- country / city / town / village
- region (e.g., geographical, political)
- symbolic (e.g., place, room) / 
actual spot (e.g., cardinal 
coordinates)
- proximity / distance (e.g., range, 
radius)
- altitude
- space characteristics (e.g., 
geometry, angle, length, spatial 
relation, line of sight)
- distribution (e.g., spatial 
distribution, geographical 
dispersion)
- degree of space manipulability

time
- time period / point in time
- time synchronicity (e.g., 
synchronous / asynchronous)
- frequency (e.g., everyday)
- event
- schedule (e.g., work, medication)
- holiday / special day (e.g., 
Valentine’s day, birthday)
- season (e.g., Christmas, summer)
- day in the week (e.g., Monday)
- time of day (e.g., 6 am, night, 
after-work)
- time factor manipulability

movement
- mobility
- speed
- acceleration / 
deceleration
- direction (e.g., 
route)
- orientation, 
rotation

social context
user

- identity
- preferences (e.g., interests, goals, 
needs, lifestyle)
- demographics (e.g., sex, age)
- sociographics (e.g., social status)
- psychographics (e.g., personality 
traits, affect, mood, attitude, emotions, 
experience, motivation)
- socioeconomics
- perception
- biophysiological conditions (e.g., 
comfort, pain, physical fitness, heart 
rate)
- knowledge and skills (e.g., expertise, 
literacy, training, mental conditions, 
vocabulary, difficulty)
- habits (e.g.,  usage, browsing, 
recycling)
- degree of user profile stability

activity
- task involvement / 
process
- phase (e.g.,  start 
phase, final phase)
- degree of control / 
agency
- obtrusiveness

social environment
- cultural environment
- political circumstances and 
law
- micro-social environment
- organization
- psychological 
predispositions and 
phenomena (e.g., group 
dynamics, norms, social 
pressure, acceptance)
- presence and behavior of 
people
- interaction with people
- degree of formality (e.g., 
business / leisure 
environment, daily life, 
entertainment)

technology context
information technology

- computing resources and capabilities 
(e.g., processing power, hardware, 
software)
- network (e.g., wireless, protocol, 
sensor network)
- connectivity (e.g., network)
- risk (e.g., uncertainty, reliability)
- security and privacy (e.g., integrity, 
system stability, accountability)
- architecture (e.g., platform)
- evolvement and scale (e.g., flexibility, 
dynamism)
- system behavior (e.g., system 
awareness, failure)
- system activity (e.g., pattern / speech 
recognition)
- efficiency and effectiveness (e.g., 
cost)

virtual 
environment

- presence (e.g., virtual 
co-location, resource 
visibility)
- interaction (e.g., 
coordination, 
communication)
- discovery (e.g., service / 
resource discovery)
- content (e.g., image, 
text, audio)
- audiovision (e.g., 
computer vision, 
visualization)

target service
- performance
- quality

resource availability
- data (e.g., object-related data)
- devices 
- persons 
- energy and consumption
- access

domain-specific 
context modules

advertising, healthcare, traffic, 
sports, shopping, etc.

domain-specific
context

generic context



What we use in recommender systems is very limited.
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examples from music recommender research

user preferences

popularity of music item

user demographics

physical environmental situation description

social aspects of users

situation description of the user

… …



Let’s meet the complexity of input!
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Accelerometer 
Gyroscope 
Magnetometer 
GPS (location) 
Proximity 
sensor 
Ambient light 
sensor 
Microphone 
Camera 
Microphone 
Touchscreen 
sensors 

Fingerprint 
sensor 
Pedometer 
Barcode 
sensors 
Barometer 
Heart rate 
sensor 
Thermometer 
Air humidity 
sensor 
Bluetooth 
NFC

Sensors to obtain context information.

We could open up new space if we considered  
the various facets of context for recommendations.

Context-awareness may help to: 
• increase user satisfaction 
• identify problems (evaluation) 
• mitigate those problems (system design)



Output
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Rankings
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1. … 
2. … 
3. … 
4. … 
5. …

What is the implication  
of such a cut-of?



What would you choose in this ranking presentation?
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Bundles, complementary goods, sequences

25Christine Bauer: Ratings in, rankings out. Keep it simple, they said. But we need more than that.

• Compatibility 

• Completeness 

• Sequences Chapter 1 Chapter 5 Chapter 4 Chapter 2

Chapter 1 Chapter 2 Chapter 3 Chapter 4X



Ranking of bundles
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Pervasive advertising
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Contextual advertising 
Editorial advertising 

…



It is not all about the person—the situation matters.

28Christine Bauer: Ratings in, rankings out. Keep it simple, they said. But we need more than that.

https://marketinginsidergroup.com/wp-content/uploads/2016/06/150-People.jpg

https://uproxx.files.wordpress.com/2018/04/runner1-
grid-uproxx.jpg?quality=95

https://greatergood.berkeley.edu/images/
uploads/meditating-headphones-small.jpg

depends on the person depends on the situation

https://cdn-images-1.medium.com/max/
1000/0*ne9Fr33kmEjJ2pGw.jpg

https://news.usc.edu/files/2014/12/
studying.jpeg-824x549.jpg



Personalization and situationalization
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(III) adaptation to a 
group of individuals 

(VI) adaptation to a 
group of individuals 
and to a specific 
situation 

 

Peter Lasinger & Christine Bauer (2013). Situationalization: the new road to adaptive digital-out-of-home advertising. Proceedings of the IADIS International 
Conference e-Society (ES 2013). Lisbon, Portugal, 13-16 March, pp 162-169.

Christine Bauer & Peter Lasinger (2014). Adaptation strategies to increase advertisement effectiveness in digital media. Management Review Quarterly, 
64(2), pp 101-124. DOI: 10.1007/s11301-014-0101-0
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Ratings in,  
rankings out. 

It’s simple, isn’t it?
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