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Case Studies in Design Informatics 
Jon Oberlander 

Lecture 6: 
Human-Robot Interaction versus 

Human-Computer Interaction versus 
Human-Data Interaction 

http://www.inf.ed.ac.uk/teaching/courses/cdi1/ 
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Course Timetable 

Week Topic Mon Mon Thu 
Submit 
16:00 Thu 

1 HRI Intro (JO) <No class> 

2 HRI Designing a robot (JO) Tutorial State-of-the-art (JO) 

3 HRI Towards JAMES (JO) Tutorial JAMES (RP) 

4 HRI HRI vs HCI vs HDI (JO) Tutorial Animals A1 

5 Eval Usability evaluation (JO) Tutorial Usability evaluation (JO) 

6 Data Personal data (DMR) Tutorial Personal data (DMR) A2-draft 

7 Data Personal data (DMR) Tutorial* Personal data (DMR) 

8 Data Personal data (DMR) Tutorial Personal data (DMR) A2 

9 New Reflection (JO) Tutorial ADI 1 

10 New  ADI 2 Tutorial ADI 3 

11 New  ADI 4 (Tutorial) ADI 5  A3 
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Structure of today’s lecture 

1.  HCI 
–  And UX 

2.  HCI vs HRI 
3.  HDI 
4.  HRI vs HDI? 
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Human-Computer Interaction (HCI) 

!  Studies the how people interact with, and through, 
computers. 

!  Why HCI is important 
–  Applications and user environments increase in diversity and 

in complexity 
–  User population is now dominated by non-technical users 
–  Poor user interface design increases errors and reduces 

overall system dependability 
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A Poster Child for HCI? 
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HCI Defined 

“The discipline concerned with the 
 design, 
 evaluation and 
 implementation 

    of interactive computing systems and 
 the study of the major phenomena surrounding them.” 

!  HCI’s goals are usable, effective and appropriate systems 
!  HCI is not only about 

 creating attractive user interfaces, 
but is also about understanding 

 who will use them, 
 how they will use them and 
 what they will use them for 
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From HCI to User Experience (UX) 

“I invented the term [UX] because I thought human interface 
and usability were too narrow. 

I wanted to cover all aspects of the person’s experience with 
the system including industrial design, graphics, the 
interface, the physical interaction, and the manual.” 

Don Norman to Peter Merholz 
http://adaptivepath.org/ideas/e000862/ 
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From HCI to UX 

Good UX practice comprises many things, including user 
research, usability testing, and iterative design and 
development, but many UX designers get involved in 
aspects of the product development process that are 
outside of design, including requirements definition and 
functional testing. 

More importantly, their work may influence other customer 
touchpoints, ranging from ensuring that customers can 
interact with elements whose design is consistent—for 
example, visual consistency across online and offline 
components—to influencing broader business processes.  

Peter Hornsby 
http://www.uxmatters.com/mt/archives/2013/08/im-not-a-

ux-designer-anymore.php 
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Scholtz et al. 2004: from HCI to HRI 

!  How do HCI and HRI differ? 
!  According to Scholtz: 

–  Different requirements based on interaction roles  
–  Interaction of the platform in the physical world  
–  Dynamic nature of the hardware  
–  Environment in which the interactions occur  
–  Number of platforms that the user is interacting with  
–  Autonomous behavior of the platform  

!  According to Fong, they differ because: 
–  “because HRI is concerned with complex, dynamic control 

systems operating with autonomy in real-world environments” 

10 Quoting Scholtz et al. 2004  

Scholtz et al. 2004: beyond “the” user 

!  According to Scholtz, there are multiple interaction roles 
for humans in human-robot interactions: 
–  Supervisor 
–  Operator 
–  Mechanic 
–  Team mate or peer 
–  Bystander  

Quoting Scholtz et al. 2004 11 

Kiesler & Hinds 2004 

!  Much HCI is applicable in HRI. But robots differ, because: 
!  Perception: people seem to perceive autonomous robots 

differently than they do most other computer technologies  
!  The tendency to anthropomorphize may be fed by: 

!  Movement: the powerful impact of autonomous movement on 
perception 

!  Appearance: [Building] autonomous robots to look human 

!  Mobility: [brings robots] into physical proximity with other 
robots, people, and objects.  
–  the interfaces of interest involve the robot–client, robot–operator, 

and even multiple person or robot interactions.  
!  Decision-making: robots make decisions  

•  So, like embodied software agents, but also responding to actual 
environment 

–  [D]esigning an appropriate interaction scheme and 
interface for such a system requires an understanding of: 
–  the people who will use such a system, and of their world.  

Quoting Kiesler & Hinds 2004 12 
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Breazeal 2004 

!  There are four HRI paradigms: 
–  robot as tool; 
–  robot as cyborg extension; 
–  robot as avatar; 
–  robot as sociable partner. 

–  They share some features/challenges: 
–   there is an aspect of shared control between robot and 

human  
–  the need for H and R to each understand the intention (or 

internal state) of the other.  

13 Quoting Breazeal 2004  

Breazeal 2004: robot as sociable partner 

!  Following Reeves and Nass, 
!  “attempts to foster human–robot relationships will be 

accepted by a majority of people if the robot displays rich 
social behavior” 

!  Advantages: 
!  More enjoyable (so, user feels more competent) 
!  No training required (of human) 
!  Robot is teachable 

!  What HRI can learn/adopt from HCI – and especially, 
evaluation: 
!  Ways of understanding how people do interact with robots 
!  Ways of improving the interactions 

14 Quoting Breazeal 2004  

Breazeal 2004: design needs studies on … 

!  Comparative Media 
!  How does interacting with a robot differ from “other media”? 

!  Naturalness  
!  Do people engage normal social routines? 

!  User Expectation  
!  What do robot properties lead people to expect, and how can 

expectations be shaped? 
!  Quality  

!  How can we make interactions enjoyable, useful, rewarding? 
!  Relationship  

!  Which paradigm makes sense: tool, pet, pal? 

15 Quoting Breazeal 2004  

Breazeal 2004: design needs studies on … 

!  Teamwork  
!  What does it take to get robots accepted and trusted in a 

group? 
!  Personality  

!  Should design help project a personality? 
!  Culture 

!  Multimodal communication conventions vary across cultures 
(gesture, space) 

!  Acceptance  
!  How accountable are robots for their actions?  

16 Quoting Breazeal 2004  
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Breazeal 2004: HRI is different from HCI because … 

!  Long-Term Interaction 
!  “The opportunity for frequent interaction over an extended 

period of time (potentially for years), and the opportunity to 
establish a long-term relationship, poses some significant 
design challenges for robots.” 

!  Survival in the Real World 
!  Robots have to actually survive, in a human world, which 

won’t be re-designed for them, so … 
!  “much of robotic design addresses issues of robustness, 

adaptivity, and dealing with uncertainty” 
!  Deeply Integrated “Interface” and “Control”  

!  “The “interface” is not a layer that sits at the surface, 
producing the robot’s observable behavior that mediates the 
interaction”, it is the observable behavior! 

!  “functionality … cannot be easily partitioned into “interface” 
behavior, “task” behavior, and “survival” behavior.” 

17 Quoting Breazeal 2004  

Breazeal 2004: HRI is different from HCI because … 

!  Interacting With People  
!  Unlike screen-based agents, robots are there in the world, so 

they can: 
!  Maintain actual eye contact 
!  Manipulate actual physical objects 
!  Touch, and be touched by, humans 

!  Learning in the Human Environment 
!  one key challenge is to design robots that are as easy to 

teach as another person.  

18 Quoting Breazeal 2004  

Breazeal 2004: robots learn best from people 

!  Knowing What Matters  
!  Knowing What Action to Try  
!  Knowing When to Learn and Who to Learn From  
!  Correcting Errors and Recognizing Success  
!  Leverage From Provided Structure 

!  For these processes to work best, robots must be able to 
project 
!  their state/needs to people, and 
!  their responses to people satisfying their needs or attempting 

to do so. 
!  “Their performance and the benefits they bring to us will 

still need to be evaluated, of course, but from the human’s 
perspective and that of the robot.” 

Quoting Breazeal 2004  19 

Han et al. 2005 

Quoting Han et al. 2005 20 
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Steinfeld et al. 2006 

!  Some social robots (Cog, Kismet, etc.) are “biologically 
inspired” 

!  and use deep models of human cognition and interaction in 
order to simulate the social intelligence found in living 
creatures. 
–  This is often the case when the primary function of the robot 

is to interact socially with people. 
!  Other social robots (Nursebot, CERO, etc.) are “functionally 

designed” 
!  and show their social competence only in reaction to 

human behavior 
–  (i.e., they outwardly appear to be socially intelligent, even if 

the internal design does not have a basis in cognitive 
science).  

Quoting Steinfeld et al. 2006 21 

Steinfeld et al. 2006: bio vs functional 

!  The criteria for “good performance” often differ 
substantially. 

!  In particular, “functionally designed” social robots may 
need only to produce certain experiences for the user, 
–  rather than having to withstand deep scrutiny for “life-like” 

capabilities. 
!  The difficulty, of course, is determining which metrics 

(engineering, psychological, sociological) are most 
appropriate for evaluating social “effectiveness”. 

Quoting Steinfeld et al. 2006 22 

Steinfeld et al. 2006: dimensions (1/2) 

!  Interaction characteristics: 
–  One approach is to assess characteristics such as interaction 

style or social context via observation or conversational 
analysis  

!  Persuasiveness: 
–  The robot is used to change the behavior, feelings or attitudes 

of humans. 
–  This is the case when robots mediate human-human 

interaction, as in autism therapy 
!  Trust: 

–  Research on trust in automation suggests that this is an 
important factor to measure. 

–  In particular, trust is likely to influence reliance on complex, 
imperfect automation in dynamic environments that require 
the human to adapt to unanticipated circumstances 

Quoting Steinfeld et al. 2006 23 

Steinfeld et al. 2006: dimensions (2/2) 

!  Engagement: 
–  Social interaction is widely cited as an effective mechanism for 

engaging users. 
–  A key metric, therefore, is to measure the efficacy of various 

social characteristics (emotion, dialogue, personality, etc.) for 
capturing attention (acquisition time) and holding interest 
(duration) 

!  Compliance: 
–  Social characteristics (appearance, adherence to norms, etc.) 

can also influence the amount of cooperation a human gives 
to a robot, which may be critical for tasks in certain domains 
(e.g., in health care). 

–  Thus, measuring compliance can provide significant insight 
into the effectiveness of the robot design 

Quoting Steinfeld et al. 2006 24 
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Steinfeld et al. 2006: metrics (1/2) 

!  System performance 
!  Quantitative performance: 

!  Effectiveness, efficiency 
!  Subjective ratings 
!  Appropriate utilization of mixed-initiative [autonomy] 

!  Operator performance 
!  Situation awareness 
!  Workload 
!  Accuracy of mental model of device operation 

Quoting Steinfeld et al. 2006 25 

Steinfeld et al. 2006: metrics (2/2) 

!  Robot performance 
!  Self awareness 

!  To qualitatively measure self-awareness, we propose assessing 
the following robot characteristics: 

1.  understanding of intrinsic limitations (mobility, sensor limitations, 
etc); 

2.  capacity for self-monitoring (health, state, task progress) and 
recognizing deviations from nominal; and 

3.  effectiveness at detecting, isolating, and recovering from faults 
(during both planning and execution).  

!  Human awareness 
!  A recently proposed metric is the number of “awareness 

violations” (awareness information that should be provided that is 
not provided) that occur during task execution  

!  Autonomy 
!  Neglect tolerance directly measures how a robot’s effectiveness 

declines when the human is not attending to the robot. 
!  In particular, it measures the amount of the time the robot can be 

neglected before performance drops below an acceptable level of 
task performance. 

Quoting Steinfeld et al. 2006 26 

Young et al. 2011 

!  The experience of interacting with a robot has been shown 
to be very different in comparison to people’s interaction 
experience with other technologies and artifacts, 

!  and often has a strong social or emotional component— 
!  a difference that poses potential challenges related to the 

design and evaluation of HRI. 
!  We suggest that due to these differences HCI evalua- tion 

methods should be applied to HRI with care  
!  holistic interaction experience  

!  Visceral factors 
!  Social mechanics 
!  Social structures 

Quoting Young et al. 2011 27 

Young et al. 2011 

!  Robot design encourages social interaction 
!  People apply social rules to technologies 
!  Robots are physical (and tangible), they move autonomously, 

and interact in people’s personal spaces 
!  Robot elicit a unique sense of agency, with an affective 

charge 
!  People attribute agency to many things 
!  Robots’ physical and social embeddedness encourage this 

attribution 
!  “for many people interacting with a robot is more like interacting 

with an animal or another person than with a technology—the 
robot is an active physical and social player in our everyday 
world” 

!  “While people do sometimes exhibit emotional attachment to 
other artifacts … 
!  robots are unique in that they can actively respond to people’s 

affections as a physical, social actor similar to a living entity …  
!  robots can legitimize and validate the social relationships”  

Quoting Young et al. 2011 28 
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Young et al. 2011: existing evaluation methods 

!  Task Completion and Efficiency  
!  “These quantitative measures can support other data which 

highlights points related to engagement and interest (e.g., 
through task completion time or number of pauses), or 
whether and how much a person understands what the robot 
is trying to convey (e.g., through error rates).” 

!  Emotion and Affective Computing 
!  Physiological measures vs post-experiment self-reports 

!  Situated Personal Experience  
!  The approach of accepting complexity often uses qualitative 

oriented techniques such as thick, detailed description based 
on participant feedback and interviews 

!  or more structured approaches such as Grounded Theory, 
culture or technology probes, or contextual design 

!   ethnographic or longitudinal field studies 

Quoting Young et al. 2011 29 

Young et al. 2011: holistic framework 

!  Perspective One (P1), visceral factors of interaction, 
–  focuses on a person’s biological, visceral, and instinctual 

involvement in interaction. 
•  E.g. instinctual frustration, fear, joy, happiness, and so on, on a 

reactionary level where they are difficult to control.  

!  Perspective Two (P2), social mechanics 
–  focuses on the higher-level communication and social 

techniques used in interaction. 
•  the social mechanics that a person uses in communication 
•  what they interpret from the robot throughout meaning-building 

–  E.g. gestures, facial expressions, spoken language, personal space 
and eye-contact rules.  

!  Perspective Three (P3), social structures, 
–  covers the development of and changes in the social 

relationships and interaction between two entities, 
•  perhaps over a relatively long period of time 
•  how a robot … understands, … modifies social structures.  

Quoting Young et al. 2011 30 

Young et al. 2011 

Importance of P1: 
!  E.g. Uncanny Valley: 

!  discomfort in interaction rapidly increases as a robot’s lifelikeness 
to a human rises above a certain level. 

!  Another example is people’s reluctance to interact with an 
anthropomorphic robot that appeared taller than them  

Importance of P2: 
!  Involves all multimodal communication channels 

!  E.g. a subtle indication of team play (i.e., by using the word “we”) 
could largely increase the tolerance people have of robots’ 
mistakes 

!  E.g. people perceived a robot that could learn as being more 
capable than the one that performed canned behaviors 

Quoting Young et al. 2011 31 

Young et al. 2011 

!  Importance of P3: 
!  Existing home practices and contexts help define how people 

will perceive and interact with the robot, 
!  and the simple existence of the robot itself, 
!  and the fact that people interact with it, 
!  has an impact on the greater structures of the home  

!  May shift domestic responsibilities 
!  Or social “momentum” may lead to robot being 

neglected. 

Quoting Young et al. 2011 32 
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Young et al. 2011 

Quoting Young et al. 2011 33 

Consensus on HRI vs HCI 

!  Scholtz/Fong/Kiesler & Hinds: 
–  Humans play multiple roles wrt robots 
–  HRI is concerned with complex, dynamic control [socially 

present] systems operating with autonomy in real-world 
environments 

!  Breazeal: 
–  Long-Term, Survival, Interface = Control, 

Being with People, Learning 
!  Steinfeld: 

–  Interaction, persuasiveness, trust, engagment, compliance 
–  Awareness (of “the other”) the major issue 

!  Young et al.: 
–  Perspectives: Visceral, communication, social impact 

34 

Human-Data Interaction 

“some aspects of human computer interaction are better 
framed in terms of human data interaction. 

If human computer interaction studies the ways in which 
humans interact with, and through, computers, we might 
now de-emphasise the material devices doing the 
computing, and focus more attention on the ways in which 
humans interact with, and through, data.” 

Speed and Oberlander 2015 

35 

Human-Data Interaction according to Mortier et al. 2014 

!  “the individual and collective decisions that we make and 
actions we take, as users of online systems, or as subjects 
of data collection practices” 

!  They point to the need to 
–  “make data and analytics algorithms both transparent and 

comprehensible to the people the data and processing 
concerns”, and 

–  to give people “the capacity to act within these data systems, 
to opt-in or to opt-out, to control, inform and correct data and 
inferences”. 

!  On this account, the proper study of human data 
interaction goes well beyond traditional interests in data 
visualisation, to explore social, legal and ethical aspects of 
personal data processing.  

36 



10/11/15	  

10	  

Human-Data Interaction according to Speed & Oberlander 2015 

!  “The problems of human data interaction identified by 
Mortier et al. are important, but they are not in fact 
specific to personal data; 
–  they apply also to the other data flows involving IoT data, and 

social computing data.  
!  the cloud helps separate the physical mechanisms of 

sensing, storing, processing, communicating and acting 
upon information. 
–  Some mechanisms are local, others remote. 
–  Some mechanisms are obviously computers, others look just 

like things, and yet others are people. 
!  This picture multiplies the numbers and types of agents at 

loose in the world … 
–  some of the mechanisms are out of sight of the people 

involved in the data flows, … 
they distinguish the material, visible things from the 
immaterial, and sometimes invisible data flows.” 
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From HDI to Design: The ablative framework (S&O 2015) 

!  Design from data: 
–  when systems are designed by people, where they are 

inspired by measurable features of humans, computers, 
things, and their contexts. 

!  Design with data: 
–  when systems are designed by people, where they take into 

account the flows of data through systems, and the need to 
make data manifest, reduce its obfuscation and improve trust. 

!  Design by data: 
–  when systems are designed by other systems, largely 

autonomously, where new products and services can be 
synthesised via the data-intensive analysis of existing 
combinations of humans, computers, things, and contexts. 

38 

HDI in HRI: design with data 

!  HRI only overlaps with HCI. 
!  What is the relation between HRI and HDI? 
!  HDI is broader than HCI 
!  But again, they only overlap. 

–  HDI not so interested in the sensorimotor or physical design 
of robots 

–  HDI focuses on the flows of data among people, robots and 
their contexts 

–  Considers which data need to be made manifest, especially to 
improve trust 

•  Cf. Teamwork 
•  Cf. Teachability 

!  But consider also that the Things in the Internet of Things 
are also (potentially) swarms of tiny robots. 
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