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At the Center for Learning Computational Thinking

At CLCT, we define CT as the cognitive processes involved in developing
T artifacts and programs to live in the world today.

We understand this in a broad sense, so that critical reflection on the
design and use of IT artifacts is an integral part of their development. ...

In its broadest sense, we view CT as a problem-solving process aimed

at finding creative solutions to the significant societal problems facing
the world today.
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Consider CT broadly

1. Computational Thinking (Wing, 2006)
2. Computational Participation (Kafai & Burke, 2014)

3. Computational Empowerment (Dindler et al.,, 2020)

Contemporary views on CT ... should focus on articulating how humans
can design for, partake in, and critically appraise human—machine
collaborations (Nina Bonderup Dohn, 2024, p. 850).
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Knowledge Building

A theory and pedagogy, developed by Marlene
Scardamalia and Carl Bereiter, that treats the

production of knowledge as the central focus of
education.

't represents a fundamental shift from traditional
approaches to learning:

» Students: consumers — active creators
» Knowledge: objects to be improved

» Learning: advancing knowledge in a community

SDU - 6/16/2025

\\\\\\\\\\\\\\\\\\\\\\



Unpack Knowledge Building

1. Knowledge transformation by experts (Bereiter & Scardamalia, 1987)
e Knowledge telling = knowledge transformation
2. Knowledge-building communities (Scardamalia & Bereiter, 1994)
o Collective responsibility for knowledge advancement
3. Epistemic agency, knowledge for public good
o Students taking high-level responsibility
e Critical awareness of knowledge creation processes

» Knowledge work contributing to public knowledge
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Parallels between CT and KB

Parallel Aspect

Computational Thinking

Knowledge Building

Individual to
Collective

Individual programming
skills = computational
participation
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Parallels between CT and KB

Parallel Aspect

Computational Thinking

Knowledge Building

Individual to Individual programming Individual knowledge
Collective skills = computational work — collective
participation knowledge
advancement
Technical to Coding skills = social Individual knowledge
Social and cultural dimensions — community
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Parallels between CT and KB

Parallel Aspect

Computational Thinking

10

Knowledge Building

Individual to Individual programming Individual knowledge
Collective skills = computational work — collective
participation knowledge

advancement

Technical to Coding skills = social Individual knowledge

Social and cultural dimensions — community
knowledge

Human Agency Emphasizes Emphasizes

computational agency
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Both KB and CT care about enhancing

human epistemic agency
N the world

1. Every time we act in an effort to attain our epistemic goals, we express our epistemic agency (Ahlstrom,
2010).
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Develop a lesson plan aligned with curriculum

Khanmigo for teachers



https://www.youtube.com/watch?v=TuoWM2vc_a0
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(Generate instructional materials
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Students chattmg with Al characters
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‘Instant feedback” on student thinking

Snorkl Demo | Instant Fee...



https://www.youtube.com/watch?v=Zfs7wntxQ54

An ongoing societal transformation
involving the redistribution of

labor, agency, and creativity

between human and non-human entities
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"Superhuman performance’ "Jagged frontier’

The Jagged
' Frontier of Al

L

(DellAcqua et al,, 2023)
(Move 37)
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Two Perspectives
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1. Infrastructure
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"the basic physical and organizational structures and B
facilities (e.g. buildings, roads, power supplies) N T
needed for the operation of a society or enterprise”’ B T

g Steam

Embedded, hidden

Relational, socio-political
(Bowker, 1994: Star, 1999; Read, 2019)

5 .5 — Forgortten
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Infrastructure — as verp

the ongoing process of design and redesign when an infrastructure is
created in a setting (Karasti & Syrjanen, 2004)

 Blurs the boundary between users and designers
» Recognizes ongoing design work

» Constant “repair” (Mikalsen et al,, 2018)

SDU - 6/16/2025 & Penn GOE

nnnnnnnnnnnnnnnnnnnnnnn




23

Epistemic Infrastructure
» Structures and systems that "enable individuals and societies to know
what they know and to do what they do’ (Hedstrom & King, 2006)

» Related terms: knowledge infrastructures (Edwards, 2070); thinking
infrastructures (Kornberger et al. 2019)
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Epistemic Infrastructure

A VAST
MACHINE

COMPUTER MODELS, CLIMATE DATA, AND
THE POLITICS OF GLOBAL WARMING

PAUL N. EDWARDS

For climate science: "Robust networks of people,
artifacts, and institutions that generate, share, and
maintain specific knowledge about the human and
natural worlds” (Edwards, 2010)

» Climate scientists, the public, etc.

Satellites, sensors, computer models, etc.

Truthfulness, evidence, consistency

Emergency responses, polices, personal actions
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Epistemic Infrastructure

Social media for climate discussions: Bad faith
| communication fueled by political polarization and
19,841,962 attention economy

e Users who consume and react to content

Personalization, sorting algorithms, notifications

Contested epistemic norms

Little consequence
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Hampers epistemic Agency

* |f supporting apt epistemic performance is not the goal

* |f one dominant way of knowing edges out other ways of knowing, e.g.,
‘fast knowledge” pushes out “slow knowledge” (Orr, 1996)

* Inthe Al case, if "parametric knowledge” of Al models pushes out
humane ways of knowing
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FJ

How to make sense.of hudan-Al interaction
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2. Situated Cognition

Cognitive processes extend beyond the brain to include the body and
environment

* views the brain, body, and surrounding environment as an integrated
cognitive system in continuous interaction (Carney, 2020)

» the mind as a “dynamic coupling” of brain—body—world (Newen et al.,
2018; Robbins & Aydede, 2008).
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A Situated Approach to Analyzing Epistemic Agency
and Infrastructure

Consider the agent—infrastructure interaction

Dimensions

Description

Skilled actions

A range of actions users can carry on

Epistemic Conditions for activating these skilled actions to
sensitivity meet epistemic goals
Habit building Repeated actions and interactions that build

epistemic habits
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Case 1. Generate lesson plans

Magic School Al

Bl covii o Skilled actions: Teachers design

ur science class. Engage, Explore, Explain

lessons based on pedagogical
" principles and student backgrounds

Topic, Standard, or Objective:

E ° ° op o ° °
pistemic sensitivity: Steering
L]
L] L]
’ rompts, but Al generation remains
oo prompts, g

Additional Customization (Optional):

We are exploring the musculoskeletal system and its functions. The guiding question for our lesson is how do O a u e

bones, muscles, tendons and ligaments work together to allow humans to walk around their environment?

Habit building: Speed, reliance, and
no native support for iteration

Generate

SDU - 6/16/2025 & Penn GOE
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Problem with current lesson plan generators

» Position teachers as end-users rather than designers

» Pedagogical biases (Cheng et al., 2025)

Limited student agency (teacher centered)

Uninspiring classroom dialogue (rote, teacher-class)

e MagicSchool
e School Al
e Basic GPT4o

e GPT4o0+Student
Agency

( ‘AICONDITIONSJ )

Grade 8th

e Math (CCSS)
e Science (NGSS)

e History (NY State)

\

p [ SUBJECT &
l STANDARD

4

( ‘ LESSON PLANS | \

e 2 topics
per subject

e 5versions
per topic

120 plans

SDU - 6/16/2025
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Case 2: Build Al characters for students

School Al

Ask an Explorer Public -
: Interviewing Explorers from History
§ F 1%

Engage your students in a unique learning experience by allowing them to
interview historical explorers in 'Ask an Explorer'. This space helps students
practice English through role-playing conversations with famous figures,
enhancing their language skills while exploring history's grand adventures.

@ Created by Matt A
>

More Options

,‘,@ Sign up to launch

Skilled actions: Teachers nurture diverse
perspectives and facilitate dialogues.
Students consider multiple perspectives.

Epistemic sensitivity: Teachers can
design interesting chat experiences.
Students converse with artificial figures,
but may not have time to fact check.

Habit building: Isolated dialogues with
chatbots, lack of communal discourse
and epistemic responsibility
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Case 3: Provide feedback on essays

Diffl

v Arial - nm|+ B I U rd @ . o=~ =~ X .
aspects of Mesopotamian civilization and its lasting impact on the world
One of the most significant contributions of Mesopotamia was the invention of writing. [Fhie SUmerians,
who were the earliest inhabitants of Mesopotamia, developed a system of writing known as cuneiform. Q Suvi Gluskin @ .
This system used wedge-shaped marks on clay tablets to represent words and sounds. The invention of 9 AM Toda 2
writing revolutionized communication and allowed for the recording of important information such as laws, .
literature, and historical events. eSS staree
Information
Another important aspect of Mesopotamian civilization was its advanced agricultural practices. The fertile While it's true that the Sumerians
soil of the region, combined with the regular flooding of the rivers, allowed for the cultivation of crops such eveloped cuneiform, they were
as barley, wheat, and dates. The Mesopotamians developed irrigation systems to control the flow of water arily the earliest
and maximize agricultural productivity. This surplus of food enabled the growth of cities and the
development of a complex social structure. There were people living in the
gion before the § ans
Mesopotamia was also known for its architectural ax The built arrived. Consider re k ]
magnificent temples called ziggurats, which were towering structures made of mud bricks. These statement to accurda¥'reflect
ziggurats served as religious centers and were believed to be the dwelling places of the gods. The storical timeline.
Babylonians, who later ruled over Mesopotamia, constructed the famous Hanging Gardens of Babylon, .
ane of the Seven Wonders of the Ancient World
y or add oth
In addition to their advancements in writing, agriculture, and architecture, the Mesopotamians made
significant to and They a number system based on the
number B0, which is stil used today for measuring time and angles. They also studied the movements of
the stars and planets and created the first known astronomical charts. G Suvi Gluskin
The legacy of Mesopotamia can be seen in many aspects of modern society. The concept of writing, which : -
originated in Mesopotamia, is the foundation of our written language today. The agricultural techniques Evidence and Source Credibility
by the s laid the for modem farming practices. The architectural The existence of the Hanging
of the ancient continue to inspire architects and engineers around the Gardens of Babylon is a topic of
world. debate among historians, as there
is no concrete archaeological
In i was a civili that made significant contributions to human history. From evidence to support it. It's
the invention of writing to in agri , and the oty
. Rate the response?
Mesopotamians laid the foundation for many aspects of modem society. Their achievements continue to = g H ~ 5
be studied and admired by scholars and serve as a testament to the ingenuity and creativity of the people Can you find a credible source that

who lived in this ancient land between the rivers. |

supports this claim?

Comment Cancel

killed actions: Teachers provide
ersonal feedback to students

pistemic sensitivity: Teachers can
review before submitting each
comment, but Al decides where to
provide feedback

Habit building: Speed, reliance, and
over time less knowledge about
students
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Agent—Infrastructure Interactions

 Skilled epistemic actions of teachers and students are not sufficiently
considered and are in tension with speed and efficiency

» While some Al tools leave space for humans to exercise their skilled
actions, they are in general designed or advertised in ways that reduce
epistemic sensitivity

» Al tools provide opportunity for quality checks. But interactions typically
favor instaneous generation over iteration. Reduced epistemic
operations by humans create habits that would lead to reduced human
knowledge of practice, and of other humans.

SDU - 6/16/2025 & Penn GOE
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Potential

Responses”?
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Proj 1. CraftPad: Teachers as Designers

Design Goals
» Support teachers to iteratively design KB lessons
Approach: Meta-Design

» Position teachers as designers, not merely users
» Center teacher expertise and epistemic agency

e Support complex, nuanced work of knowledge building design

SDU - 6/16/2025
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CraftPad: Demo
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Proj 2: Mixed-initiative design patterns
Design Goals

1. Augment students’ creative work

2. Promote students’ Al competency
Approach:

» Mixed-Initiative Creative Interfaces

Chen, B, Zhu, X, & Diaz del Castillo H., F. (2023). Integrating generative Al in knowledge building. Computers and Education: Artificial Intelligence, 5, 100184
https://doi.org/10.1016/j.caeai.2023.100184
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Design Patterns

Design Pattern 1 Knowledge-Creating
Student ChatGPT Dialogue Moves
4 4 Problem definition
6 ) l 1 New ideas
\ 7 ;\
5 ;‘ Promisingness evaluation
[ Meta-dialogue
3 Comparison
2 e Critical discourse
Higher-level ideas

SDU - 6/16/2025
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Key Insights

» The use of Al made learning harder—rather than easier—when mindful
engagement is needed

Students took high-level agency in the process

Cope with ‘Stochastic parrot’ W and ‘Concentrated ow!l” #

We need more design patterns to purposefully integrate Al in
collaborative learning

SDU - 6/16/2025 & Penn GOE
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Departing Thougnts
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1. Beyond tools

43

Al systems in education are more than tools.
They are often epistemic in

that shape our ac

for years or decac

1oNns, ha

eS 10 CO
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2. Infrastructures need repair

OUt also pedagogica

Due to mis-alignment wit

vall

N societal values,

CS.

Therefore, they are broken by default
and need constant care and repair.
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3. A vast design space

IS presented in front of us if

we adopt a situated perspective.

We need more designs that

center relationship and human experience.
We need more diverse voices to

explore the space.
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What roles should CT play?

| look forward to learning from you all!
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Thank Youl

cbhd@upenn.edu
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