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Health-computer interaction
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Many health technologies tackle one of 
three key challenges
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Diagnosis
Monitoring

Intervention



Diagnosis



Nailbed color can indicate anemia 
[Mannino et al. 2017]
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With low-cost accessories, smartphones can 
detect middle ear fluid [Chan et al. 2019]
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Apple Watches can detect atrial fibrillation 
[Perez et al. 2019]
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Figure 3. Yield of Atrial Fibrillation on ECG Patch Monitoring.
Horizontal bars indicate 97.5% confidence intervals.
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Monitoring



Unmodified commodity sensors can measure 
cardiovascular health metrics [Wang et al. 2018]

9

PTT

Fingertip pulse

Chest vibration



Smart glasses can track blood pressure changes 
[Holz et al. 2017]
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Opportunistic computer interactions can 
indicate sleep quality [Althoff et al. 2017]
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Wearables are now used to measure primary 
endpoints for clinical trials [Servais et al. 2023]
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Intervention



Ambient displays can promote healthy behaviors
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[Consolvo et al. 2008] [Murnane et al. 2020] Perfecto (ongoing)



Reinforcement learning for promoting 
health behavior change [Liao et al. 2020]
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Health+HCI is a 
wicked problem



Designing for health has unique challenges
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Health is difficult to define and measure

Who decides what “healthy” means? 
How do we measure measure health objectively

Health evolves over short and long time scales

Health conditions can be acute or chronic 
Time scales range from seconds to decades

It can be hard to establish cause and effect

How do we know what causes health outcomes?



Engaging stakeholders can promote ethical and 
effective technology design
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Summary
HCI can play a role in understanding and advancing human health
Many health technologies aim to tackle diagnosis, monitoring, or 
intervention 

This is a wicked problem

Health can be difficult to define and measure 
Health evolves over short and long time scales 
It can be hard to establish cause and effect

Involving stakeholders (including care providers and recipients) 
can promote ethical and effective health technologies
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Today
Why should HCI researchers care about the learning sciences? 

What is Bloom’s 2 sigma problem?

What is Computer-Supported Collaborative Learning (CSCL)?



Why should HCI researchers care 
about the learning sciences? 



Learning Sciences
Learning sciences is an interdisciplinary field is centered around 
understanding learning and “how to better facilitate learning in designed 
environments – in school, online, in the workplace, at home, and in 
informal environments.” 

It is informed by constructivist, social-constructivist, socio-cognitive, and 
socio-cultural theories of learning.

It draws upon diverse fields such as cognitive science, educational 
psychology, linguistics, computer science, and more. 



Education and learning is fundamentally about interaction - between 
students, teachers, content, and tools.

Humans are learning all the time - useful to have an understanding of how 
they learn when designing technologies they will learn and use

Theories about learning, memory, attention, cognitive load can help 
HCI researchers design better interfaces

Why should we care?



What is Bloom’s 2 sigma problem?



Bloom’s 2 sigma problem
[Bloom, 1984]

Students learn the subject matter 
in a class with about 30 students 
per teacher. 

Tests are given periodically for 
marking the students.

Students learn the subject matter 
in a class with about 30 students 
per teacher. 

Tests are given periodically for 
marking the students.

Corrective procedures on tests 
and more tests to determine 
extent to which students have 
mastered the subject matter.

Students learn the subject matter 
with a good tutor for each 
student (or for two or three 
students simultaneously). 

Same corrective procedures 
and more tests as mastery 
condition.

Conventional Mastery Learning Tutoring



Bloom’s 2 sigma problem

“The average tutored student 
was above 98% of the students 
in the control class”

Mastery learning + one-on-one 
tutoring = great

● But how can this scale?
● An army of tutors?

[Bloom, 1984]



Bloom’s 2 sigma problem

The “problem”:

How can we make group classroom instruction as effective as those 
tutoring sessions?

Most students, with right method, could reach what only top 2% achieve 
in a normal classroom.

Raising both floor and ceiling?

[Bloom, 1984]



HCI & Bloom’s 2 sigma problem

What might this look like?



History of developments
1920s: Sidney Pressey’s Automatic Teaching Machine

1950s-60s: B.F. Skinner’s Teaching Machine

1970: Carbonell’s SCHOLAR - Computer Assisted Instruction (CAI)

1980s-1990s: Cognitive Tutors (Anderson et al., 1990)

1990s-2000s: AutoTutor (Graesser et al, 2005)

2000s-2010s: Growth of Intelligent Tutoring Systems

2020: LLM based tutors



History of developments
[Skinner, 1958;1961]

Rule-based systems

…is it different this time with LLMs?



GenAI and LLMs
LLMs as AI tutors or teaching assistants

24/7 on demand personal tutor

Answer questions, give explanations, guide 
students through process

But, supporting students is not the only problem of 
practice:

24/7 on demand personal teacher’s aide

Helping teachers teach better

Generating educational content, grading



Challenges
Hallucinations

Plagiarism 

Ban or Embrace?

Scaffold vs Crutch?

But, but…what learning really 
matters now?

https://cdn.openai.com/global-affairs/openai-edu-ai-ready-workforce.pdf

https://cdn.openai.com/global-affairs/openai-edu-ai-ready-workforce.pdf


What is Computer-Supported 
Collaborative Learning (CSCL)?



Learning taking place by 
social interaction with 
help of well-designed 
technology

Draws on rich literature 
outlining benefits of 
collaborative learning

CSCL
Computers Collaboration

Learning

CSCL
EdTech Collaborative 

Learning

Collaboration 
Tech



Putting people in groups does not guarantee quality collaborative learning → we 
need scripts!

Collaboration script = instructions for how to form groups and how to interact 
with each other to solve the problem

Successful collaborative learning environments have design elements that guide 
students on how to work together: clear roles, specific goals, and prompts 
provided by the software.

“The script is reified in the interface of the learning environment”

CSCL Scripts
[Dillenbourg, 2007]



Considerations
Can AI tutors ever fully replicate (or even surpass) the effectiveness of a human 
one-on-one tutor? What unique qualities might human tutors always retain, and where 
might AI actually be superior (e.g. endless patience, instant data-driven feedback)? 

How can we ensure equity when implementing personalized AI or collaborative learning 
at scale? For instance, what happens if some students have access to advanced AI tutors 
and others do not?

What do you see as the ideal partnership between human teachers, AI systems, and 
students in a future classroom? In what ways should technology augment teaching, and 
what aspects of learning should remain decidedly human-centered?

What really matters now? What should be taught in schools?



Summary
Why should HCI researchers care about the learning sciences?

Humans are learning all the time – this is relevant for HCI

What is Bloom’s 2 sigma problem?

Tutoring + mastery learning has 2 sigma gain over traditional learning

What is Computer-Supported Collaborative Learning (CSCL)?

Intersection of computers, collaboration, and learning

Thoughtful design of technologies that help people learn together
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Last Time - Feminist HCI

● Artifacts have politics: the systems we create influence groups and 
societies, often with undesirable outcomes

● Theory gives us a lens through which we can assess dimensions of 
problems (f(x) → y)

● Design approaches focused on marginalized groups, such as feminist HCI, 
center these communities’ needs in the design process

● Today: Critical Theory
○ How do we structure critiques of normative thinking?
○ How do we put those critiques into practice?

● Later: Accessibility and ICT4D



Critical Theory in Interaction Design
“He was a skater boy, she said see you later boy”



What is critical theory?

● Critical theory is inspired by the constructivist philosophy and its radical 
skepticism (Bardzell 2009)

● Speculative and generative, not to explain what is known but offer new 
ways of thinking about it (Bardzell and Bardzell 2013)

● Could involve imagining alternative futures, questioning widely-held 
beliefs



What is critical theory?

● Critical Race Theory (Brooks 1994)
○ "A collection of critical stances against the existing legal order from a race-based point 

of view"
○ Specific attention to intersectionality and implicit biases that undermine legal 

structures that seek to eliminate racism

● Cyborg Theory (Haraway 1991)
○ We are all assemblages of experiences, interactions with our environment, technologies 

we use
○ As a result, binaries are insufficient to describe life in our modern world
○ Sometimes criticized for presenting groups as monoliths, overly technophilic



Getting Real

● An important theory in science and technology 
studies (STS): Social Construction of Technology 
(SCOT) (Bijker and Pinch 1987)
○ Response to technological determinism 

(technology defines social values)
○ Claims the reasons that technology designs 

succeed or fail based on social factors
○ Rigorous process for outlining important points 

in the evolution of a technology



Getting Rad with SCOT

● The evolution of skateboards is all about where skaters skate and who 
they skate with (Prentiss et al. 2011)

Side profiles of skateboards showing the development of the kicktail. Note 
the concave deck that is more compact for tricks and the cambered deck 
that offers more support while coasting (image from skatedeluxe).



The evolution of skateboards, using evolutionary biology and synthesis of different species.

Getting Rad with SCOT

● Skateboards evolve as 
skateboarders interact socially
○ Bowl skaters and freestyle skaters 

learn how to best support tricks
○ Skateboarders interact with surfers 

too!

● Technical capabilities didn’t 
change; skateboarders and 
skate culture did!



Four Wheels, Two Explanations

● Technological Determinism: the skateboards are making the kids 
troublemakers
○ Social media is making the kids troublemakers

● SCOT: the kids want the freedom to go faster and express themselves, so 
they demand more dynamic skateboards
○ The kids want wild, entertaining, interruptible content while they’re stuck inside, so they 

demand short form online content

● Not right or wrong, but we should consider both!



You Might Be Thinking

● Now I know how skateboards work
○ But what if I want to build a faster skateboard?
○ A safer skateboard?
○ A better way to learn how to skateboard?
○ A way to facilitate connection between skateboarders?

● A lens by itself doesn’t change the world…



From Interventions to Counterventions



Interventionist HCI

● Many HCI researchers try to go “out there” and make things better, but we 
don’t always ask the right questions (Rogers and Marsden, 2013)
○ Radio show in the UK “Does He Take Sugar”: wait staff in restaurants often ask the 

companions of disabled people in place of the people themselves, even when their 
disability is not related to speech

○ A majority of social computing papers with neurodiverse participants only involve 
neurodivergent people in the evaluation phase (Baillargeon et al. 2025)

● Critical theory can help us!
○ What questions are we asking?
○ Who are we looking to for the answers?



Counterventionist HCI

● What if we wanted to set the record straight?
○ Critical researchers and health technology researchers pair up to review previous work 

(Williams et al. 2023)
○ We need both established consensus in health practices and the perspectives of 

self-advocates
○ Critical Theory: Neurodiversity (differences in thinking, learning, and being should be 

respected)

● Countervention: a community-informed counterargument to normative 
empirical studies and interventions



Neurodiverse Social Computing

● Recall from our “Activity Sensing” lecture: Tools for practicing social skills 
[Escobedo et al. 2012]
○ Problem Definition: autistic children struggle socially in schools
○ From: curriculum developed by teachers and parents
○ Solution: give autistic students in the class a tablet that tells them who to interact with, 

what to say

● What are your counterventionist critiques?



Synergistic Critical Theories

● Why pick one lens when you could have many?
● Example: Black Cyberfeminism (Cottom 2016; Richard and Gray 2018)

○ Critical Race Theory (Brooks 1994)
○ Feminist Theory
○ Cyborg Theory (Haraway 1991)

● Neurodiverse Social Computing
○ Neurodiversity
○ Double Empathy
○ Muted Group Theory

● Assemblages help us consider intersectionality, ensure coverage of 
various social aspects influencing technology



Summary

● Frameworks like the Social Construction of Technology (SCOT) challenge 
us to consider the social factors that impact the development of 
technology

● Going “out there” is not enough; we need to open ourselves up to critical 
perspectives to do things right

● Counterventions operationalize critical theory by providing alternatives 
to normative interventions
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