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Last time
Audits are a method from social science used to uncover 
discrimination in opaque human processes, usually related to 
hiring or housing
Beginning in the 2010s, AI auditing emerged to apply the same 
method to algorithmic decision-making in the criminal system, 
healthcare, surveillance, and more have had significant impact
Auditing is beginning to be required by law, leading to a whole 
new era (with accompanying challenges) of auditing
Everyday users also engage in auditing behavior
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Today
Learner-centered design
Intelligent tutoring systems
Constructionism
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Announcements
Start thinking about student presentations, to be held 4/23 and 
4/28.
Presentation slot sign-ups posted on Canvas, due 4/7.
You will be working with partner.
Do a deep dive into a research paper on one of the topics from 
class. Give a presentation of that work. Tie it back to the concepts 
from class. Situate the paper to related work under the theme.
Use this as an opportunity to deepen your HCI knowledge and 
contribute interesting food for thought to your peers. 4



Learner Centered Design



Beyond User-Centered Design 
[Soloway et al. 1994]

Conventional user-centered design focuses on understanding the 
needs of experts and helping them do their work more efficiently 
and pleasantly.
But in many situations, we are trying to improve the process of 
learning, where efficiency of task completion is not the main goal.
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Learner-Centered Design 
[Soloway et al. 1994]

Professionals

Know domain
More motivated

Relatively homogeneous
Growth less of an issue
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Students

Do not know domain
Sometimes less motivated

Relatively diverse
Growth a core issue



Scaffolding as the solution 
[Soloway et al. 1994]
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Scaffolding generally refers to techniques where we provide support to 
learners while they are learning a new task.
We might provide scaffolding for...

learning the task. coach students to learn about how to do a practice in a 
target domain.

using a tool. make it adapt its functionality to user competence.

the interface to tools. support the media and modes of expression 
that learners will try to employ.



This lecture
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The technologies we talk about today are going to be largely about helping 
people learn to do a new task, sometimes (but not always) involving the use 
computational tools.

When there are tools, the interface is often optimized to invite broad sets of 
students to access it.



Intelligent Tutoring Systems



Solve this algebra problem:
What is x?

2.3x = 23.44 + 19.01

What are the steps you had to follow to solve this problem?
2.3*x = 23.44 +19.01           realize you can add numbers on RHS
2.3*x = 42.45                      and that you can divide by a coefficient
x = 18.46                            read off the value of x
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The complexity of a skill 



So to recap: you needed to realize you could add constants, carry out the 
addition, recognize an opportunity to simplify by dividing, carry out a division, 
and read off the result.

A seemingly simple skill involves recognition and application of a 
considerable number of simple procedures.
While they are tacit to someone who has mastered them, they can be rather 
complex. For instance, how do the rules change when a summand is negative? 
Depends on which one... How does division change as the number of decimal 
points change? If you have to subtract, when do you invoke carry-over rules?
A skill like this is essential. How can we make sure everyone masters it?
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The complexity of a skill 



Bloom reports on 6 studies from his lab 
that show that learners working with tutors  
achieve "2 sigmas" better than those in 
the conventional classroom (average 
tutored student performed better than 
98% of classroom students). 
This galvanized many in learning sciences 
and technology to strive to close the gap 
between classroom and tutor learning.
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Getting Two Sigmas Higher 
[Bloom 1984]



Bloom's group also tested classrooms that 
implemented mastery learning, where 
students were given feedback and 
assessments to check that students were 
competent in a skill before being taught 
new material.

This group saw a 1-sigma improvement. 
Not as good as the tutoring group, but still 
better than the conventional classroom.
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Getting Two Sigmas Higher 
[Bloom 1984]



Could computers help close the gap 
between the conventional classroom and 
human tutoring?
Maybe computers they could serve as 
tutors. In the right conditions, they can 
perceive, communicate, and adapt, key traits 
of human tutors.
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Getting Two Sigmas Higher 
[Bloom 1984]



Intelligent tutoring systems are computer systems that provide interactive 
and adaptive coaching for learning a new skill.

It does this by setting up exercises and providing helpful instruction, 
hints, and feedback adapted to the learner.
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Intelligent Tutoring Systems 
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Components of ITSs 
[VanLehn 2006]

A learner has to develop knowledge. That knowledge has components. 
(think of the maneuvers involved in solving an algebra problem).
The learner is trained through two loops:

In the outer loop, the ITS assigns the learners tasks to help them learn.

In the inner loop, the ITS gives learners support in performing and 
mastering the steps involved in solving an individual problem.



Outer loop: Student just showed a misconception in an algebra problem. 
Assign them another problem with the same gotcha so that they can try to 
fix their misconception and solidify the correct knowledge.

Inner loop. The ITS sees a student take this step:

2+3x=20 → 5x = 20
Inner loop pauses the user and probes them. Minimally it could ask "Was 
that step you just took appropriate?" Maximally, it could show a user what 
they should have done instead.
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Loops in ITSs 
[VanLehn 2006]
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Why ITSs 
[VanLehn 2011]
There have been some indications that ITSs can provide high-quality learing experiences. Van 
Lehn did a review in 2011 of 44 studies, finding that:

 ITSs regularly led other a .76-sigma improvement over conventional unaugmened 
learning situations.

 This is not quite 2 sigmas, but...

 Van Lehn found that human tutors only achieved .79 sigmas in these studies! He raises the 
question of whether Bloom's famous 2 sigmas may be overinflated, and points out a gap in 
one of the initial studies' designs.

 .76 is quite close to .79

But at what cost?
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Cognitive tutors 
[Anderson et al. 1995]

An influential line of work in 
intelligent tutoring systems 
that was based at Carnegie 
Mellon University, picking up 
steam in the '80s.
Included systems for 
programming, geometry, and 
algebra instruction, with 
promising results.

YO
U READ THIS



21

What makes a cognitive tutor? 
[Anderson et al. 1995]

Cognitive skills are modeled by production rules, wherein a 
learner recognizes a situation ("if") and applies an action ("then").

Actions aren't just things the learner does, it is also updates to 
their conception of what is left to be done.
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Production rules 
[Anderson et al. 1995]

What is a production rule you would apply here?
What is x?

2.3x = 23.44 + 19.01
Did you include what was recognized, the physical action, and the update to 
the goal?
Give me an example of another valid production rule that could apply.
Give me an example of an incorrect production rule.
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What makes a cognitive tutor? 
[Anderson et al. 1995]

A learner learns a skill when they have mastered the relevant 
production rules and declarative knowledge.
The tutor adapts instruction by modeling what production rules 
the learner has (both correct an incorrect), providing correction 
and practice towards mastery of the correct rules.
This requires inferring what the learner knows from their actions.
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The burden of tracing knowledge 
[Anderson et al. 1995]

ITSs can require the externalization of quite a bit of work.
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What is in (and not in) a cog tutor? 
[Anderson et al. 1995]
What of a learner does a cognitive tutor model?
What does it not model?
What does this mean for what it can help people learn and how 
effectively it can help them learn?
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ITS for physical tasks 
[Ren et al. 2025]
Outer loop? Choice of 
starting configurations (no 
setup needed!!)

Inner loop? Listening and 
responding to user moves.

Feedback? Greying out 
irrelevant squares. Point out 
next actions.

Model of learner? Kinds of 
puzzles they have been able 
to do.
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Affect and social dimensions 
[Lee et al. 2011]
Gidget, teaching programming 
through a debugging game.

There are a series of levels covering 
different concepts. Feedback is given 
throughout.
The message design personalizes the 
fault to the machine and away from 
the user. This led to less attrition 
among self-described programmers. 
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On-demand personalized drilling 
[Hou et al. 2024]
Provide interactive puzzles as on-
demand scaffolding following an error.
Generate these puzzles on demand. 
Adapt them to the user solution 
(basing them on their code) and 
generate distractors to make the 
problem difficult.
Correct lines of code are frozen in 
place to focus attention on incorrect 
lines.



They are expensive to create. Anderson et al. estimate 10h per 
production rule supported. Weitekamp et al. describe 1h of 
instruction potentially taking 200-300h of prep.
They require a complete formal model of a skill.
And much of learning is in the real world, with real tasks, and real 
people. ITS might be able to be merged with these in some ways, 
though they have not been, at least in a sustainable and scalable way.

29

Why isn't all learning in ITSs? 



Constructionism



How did you learn your first language?
How did you learn calculus?
What if learning of all subjects and across many stages of life was as 
effortless as childhood language acquisition?
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When learning is natural? 
[Papert 1980]



Papert, MIT computer scientist, self-described mathematician, 
evangelist for math and technical literacy, draws a comparison to his 
own learning of technical foundations from play with gear toys.
His experimentation was part of the natural landscape.
They were part of the world of the adults in his life, so they could 
be used to relate to these adults.
They served as a connection between the abstract and personal.

32

What makes learning natural? 
[Papert 1980]



Gears and the LOGO turtle are two examples.
One important feature is that these objects 
connect the abstract and the personal. You can 
develop a connection with them by thinking 
about what it is to be like them and projecting 
your experience onto them. And in interacting 
with, command, manipulating these objects, they 
open the doors to powerful abstractions.
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Objects-to-think-with 
[Papert 1980]



Draws from the constructivist theories in psychology where 
learning is considered reconstruction rather than transmission 
of knowledge.
Asserts that learning is the most effective when the activity involves 
the learner constructing a meaningful product.
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Constructionism 
[Papert 2008]



Under Paper's guidance, it would be...
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Control and construction 
[Papert 1980]

the child programming 
the computer

not the computer 
programming the child



Scratch programming 
environment.

In the world: with visuals and 
audio kids care about; often for 
and among peers.

Control: kids make a variety of 
kinds of experiences.

Encountering the abstract: 
coding, message passing.
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Constructionism at scale 
[Maloney et al. 2010]



ToastBoard, a bread board that 
supports debugging electronics 
prototypes during interactive 
device design.

Easing learning through making. 
Scaffold formulation and testing 
of hypotheses around a complex 
technical artifact.
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Constructionism for grownups 
[Drew et al. 2016]



Encouraging skill development 
through construction to support 
social play.
In a social wearables Edu-LARP, 
students create and program teir 
own wearables and then take them 
with them on fantasy missions.
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Socials, wearables, and STEAM 
[Fey et al. 2025]



Platforms for construction abound. 
One modern platform is Roblox, 
which hosts more than 40 million 
games.
Teens on the platform sometimes 
join into online communities, 
where they teach each other 
and build connections.
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Studying constructionist spaces 
[Choi et al. 2025]



Oak Story, a AR game with fixed learning goals and adaptive 
sequencing and depth of content.
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ITS + constructionism? 
[Cheng et al. 2025]

YO
U READ THIS



Summary
When designing for learners, we should adopt a learner-centered 
design perspective that foregrounds learning needs and uses 
scaffolding to teach task and improve interaction with tools.
For complex tasks where the cognitive model is recoverable, we 
can provide intelligent tutoring systems that finely adapt 
sequence and form of instruction to learners' knowledge.
To facilitate natural learning, we can nurture constructionist 
experiences with rich objects-to-think-with and environments 
and communities that let learners make things they want to.
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