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ABSTRACT

Conversational agents and intelligent toys are present in chil-
dren’s homes. This raises questions as to the impact of Al on

their development. In this context, we explore how to educate

the children that are growing up with Al and best prepare them

for the future. Our prior studies showed that young people con-
sider intelligent agents as friendly and trustworthy, and some-
times even defer to them when making decisions [16, 73]. This

thesis explores how children, who are 7 to 14 years old, develop

a better understanding of Al concepts and change their percep-
tion of smart agents by programming and teaching them with

the Cognimates platform we developed. Variations between chil-
dren of different nationalities and SES backgrounds are dis-
cussed together with the influence of their collaboration and

communication skills.
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INTRODUCTION

"l taught a computer? Sometimes a computer teaches
me !" - Sophia, 7 years old.

| N

Figure 1: A 9 Years old girl in Denmark talking to Alexa for the first time

Conversational agents and connected toys are becoming common
in homes. Prior studies show that children readily interact with and
adopt these technologies|38, 39]. This calls for us to reflect on how to
best prepare and educate a generation that is growing up with Arti-
ficial Intelligence (Al)? How do children perceive and interact with
smart technologies that are becoming more embedded in their daily
lives? To answer these questions, together with my colleagues, we
studied how 26 children (3-10 years old) interact with: Amazon Alexa,
Google Home, Anki’s Cozmo, and NDI Development’s Julie Chatbot.
I will refer to these devices as “agents” in the context of this thesis. Af-
ter playing with the agents, children answered questions about trust,
intelligence, social entity, personality, and engagement. Our findings
showed that children saw the agents as friendly and truthful, and
especially the older children would consider them to be more intelli-
gent than they were [16]. This inspired me to create a platform that
would allow young people to program and train these computational
objects and thus, better understand how their "intelligence” works.
The goal is also to enable children to used the Al agents as "objects
to think with" and start to reflect in more complex ways about their
own intelligence.
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INTRODUCTION

Inspired by the initial child-agent interactions we recorded, I de-
signed, built and tested Cognimates, a platform for Al education for
7 to 12 years old children. To probe the effects of programming and
training Al, I conducted longitudinal user studies in low, medium
and high SES schools and community centers in the Greater Boston
Area and in Germany, Denmark and Sweden. Teacher’s training and
curriculum development was also conducted in Spain, China and
Chile.

Opverall children developed a rich grasp of Al concepts through
play and coding with our platform. They also became more skepti-
cal of the agents’smarts and truthfulness even if they continued to
perceived them as friendly and exciting. International children were
overall more critical of these technologies and less exposed to them.
The way children collaborated and communicated influenced signif-
icantly their progress in learning and understanding these new con-
cepts. Students in low and medium SES schools and centers were
better are collaborating initially, but had a harder time advancing
because they were less exposed to programming and these new tech-
nologies. The students in high SES schools and centers didn’t have
a fluent collaboration initially, but overtime developed a strong un-
derstanding of Al concepts and started to teach and help each other.
The complete findings are presented in dedicated chapters for each
location, while addressing the main research questions of my thesis
listed below.

1.1 RESEARCH QUESTIONS

Question 1: How do children think about connected toys, intel-
ligent devices, smart technologies?

Question 2: How can we expose them to Al concepts and tech-
nologies by doing?

Question 3: How does their perception towards computational
objects change, after they learn how to program and train their
own Al games and applications?

* Question 4: What are the key Al concepts that children can learn
by doing with Cognimates?

Question 5: How do children perceive and program Al differ-
ently across various geographies and SES backgrounds?

Question 6: How are their interactions and conversations with
peers changing their attitudes towards smart technologies?

Question 7: How can we design an Al education platform and
learning activities for children from different communities and
with different levels of technical knowledge?



1.2 THESIS OVERVIEW

e Question 8: What role should teachers and parents play in sup-
porting children to use new tools and platforms for Al educa-
tion?

1.2 THESIS OVERVIEW

Chapter 2: In this chapter I motivate the importance of teaching
children about artificial intelligence.

Chapter 3: In this chapter I summarize the findings of our previous
studies on children and parents interaction with agents. I illustrate
how these studies inspired the design and approach of Cognimates
platform.

Chapter 4: I provide background for how children interplay with
computational objects has been studied in the past, and provide an
overview of current platforms and tools for computer science edu-
cation and other K-12 Al education programs, explaining how my
proposal complements them.

Chapter 5: I present the design, technical implementation, charac-
ters, extensions and learning activities of the Cognimates platform.

Chapter 6: This chapter introduces the first longitudinal study we
ran in East Somerville Community School (medium and low SES). I
also present in detail the study protocol used in all other longitudinal
studies.

Chapter 7: This chapter presents the findings from the second lon-
gitudinal study we ran in Shady-Hill Private school in Cambridge
(high SES). Results from the pre- and post- perception study are com-
pared and children explanations of AI concepts are presented and
analyzed.

Chapter 8: The results from the third long-term study, which took
place in Empow STEAM education center in Lexington, MA (high
SES), are presented in this chapter.

Chapter 9: This chapter presents the last longitudinal study, which

took place in Elisabeth Peabody House community center, in Somerville,

MA (low SES).

Chapter 10: I discuss the results of the local and international initial
interactions and perceptions of Al both from a cultural and social-
economical perspective. Interventions from Germany, Denmark and
Sweden are compared with the initial interaction sessions from the
long-term studies.

Chapter 11: Initial trainings for teachers are presented in this chap-
ter, together with experiences in co-designing curriculum for Al edu-
cation with Cognimates.

Chapter 12: This chapter presents a summary of my findings and
contributions to the field. I discuss ideas for extending this work and
possible future applications for Al education.

25
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INTRODUCTION

1.3 CONTRIBUTIONS

As a preview of the final chapter, I submit these contributions:

e Lg
GO GNIMATESZ

: 995N
"I

S0 00000000000 . —

Figure 2: Overview Cognimates website, www.cognimates.me

* Overview of children and parents interactions with computa-
tional objects and review of current Al education initiatives

* Analysis of how children from different geographies and SES
backgrounds interact with smart agents and change their per-
ceptions after they learn how to program and train them.

* Analysis of how children prior experience, social and cognitive
scaffolding and collaboration skills impact the way they can pro-
gram, train, understand and explain Al technologies.

e First child-centered Al training platform (Cognimates Teach Al)

* Design guidelines for an Artificial Intelligence (Al) education
platform for children of 7 to 14 years old.

¢ Technical proposal for integrating cognitive services and Al train-
ing in a visual programming language.
* Activity guides and teaching materials for Al education (Cogn-

imates Learning Guides and starter projects).

¢ Evaluation metrics for children’s interaction, understanding and
perception of Al technologies.

* Open-sourced design and code for a new Al education platform
(Cognimates)



MOTIVATION

“There is a little piece of your mind and now it’s a little
piece of the computer’s mind” - Deborah, 13 years old,
(from "Second Self" by Sherry Turkle, page 5)

While recognizing the power and fast advancement of technology,
the focus for me has always been on people and how technology can
make their lives better. I dedicated my life to education because I con-
sider it to be an equalizing force in society. With the advent of Artifi-
cial Intelligence, I can’t help but wonder how can we as researchers,
designers, teachers and parents play a role such that this technology
can help people. 1 think the children, who are currently growing up
with Al, have an unique insight into how this technology should be
shaped and used in the future, but need our guidance when it comes
to making informed decisions, and avoiding the ethical pitfalls that
such technologies might enable.

Today more than ever we see children immersed in the digital
media culture. In her seminal books from 2009, Mimi Ito captures
very well young people’s everyday new media practices, including
video-game playing, text-messaging, digital media production, and
social media use which became a new form of "hanging-out, messing
around and geeking-out" [30]. She describes how the rise of edutain-
ment programs between 1980-1990 introduced computers to kids’ ev-
eryday lives, as tools used both for play and for learning [29]. She rec-
ognizes that there is a public recognition for children’s natural affinity
for technology ("digital natives”), and while sometimes there are con-
cerns in regards to the addictive nature of computational media, for
most part parents worry about the digital divide see computers as
necessary tools in children’s life.

Figure 3: Examples of popular children’s games: Fortnite Battle Royale and
Minecraft

In the past month I got to experience first hand how saturated
with media consumption a life in the day of a child is today. While
stranded with US re-entry visa issues in Iceland for ten days I was
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hosted by a kind local family which has three children. Living in
their house allowed me to experience first hand how their younger
children experience and consume technology on a daily basis. Their
younger child, a boy of 8 years old, is a big fan of the Minecraft Nin-
tendo game (see Fig. 3, and spends on average five to six hours per
day playing it. While he is playing, he watches videos of other chil-
dren or adults playing in parallel on dedicated Youtube channels. He
is used to constantly looking at 2 screens at the same time while do-
ing this (TV and tablet). He even watches Youtube videos in bed as
soon as he wakes-up. His parents don’t really know if the way their
son is using technology is normal or not and see his behavior as a
passion for technology. In an attempt to allow him to put this passion
to a good use, they had even enrolled him in a Minecraft camp, but
the program was fairly expensive and he stopped going. His sister
who is 12 is also using her dedicated tablet to watch Youtube videos
whenever she has a free moment, buys only clothes and gifts adver-
tised on Instagram, and is saving every penny so she can buy the new
Iphone model. Both of the children speak perfect English which they
learned primarily online.

While spending time in their house I tried to understand what the
children like the most about the things they watch on-line and the
games they play. For the most part they are using these platforms for
entertainment. I tried to show them how they could use their tablets
to program either games on Scratch or the little robots or LED badges
I had with me. I quickly realized how hard it is for them to engage
with technology as creators from the mobile devices they have (either
because it is too difficult to type on a tablet, or because the installation
of the various applications or plug-ins was too lengthy causing them
to lose patience). Their parents didn’t believe it was necessary to buy
them laptops as they have tablets and sincerely asked me for help
and advice as they recognize they don’t fully understand the digital
world their children live in and don’t know how to manage their use
of technology. I believe this family situation is very common in this

Figure 4: Momo virus targeting children on WhatsApp chatting application

day and age. While children adopt new technology much faster than
their parents and teachers they don’t necessarily have the maturity
to always use it correctly or to identify it’s threats. Beyond the ram-
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pant issue of cyber-bullying; which, is now being widely recognized
and addressed by schools and governments around the world, we see
even more extreme cases like the WhatsApp Momo challenge which
is being used to instigate teenage suicide largely in Spanish speaking
countries in South America (see Fig.4).

In these examples we see the challenges and opportunities of chil-
dren growing up digital. One can already observe how these chal-
lenges and opportunities might translate and escalate for a genera-
tion of children growing up with Al. With smart agents in the home,
children don’t even need to read and write to access the internet, they
can just ask an agent any question or request and the device will re-
turn the first result with a human like voice and a friendly prosody.
What at first seems to be a playful interaction between a child and
a smart speaker can easily trigger events of real consequences (sto-
ries of children buying doll houses and candy with Amazon’s Alexa
without the parental approval has already made national news).

Figure 5: My friend Cayla smart doll and Aristotle. Mattel’s smart assistant
for children

The voice interfaces are not only available in the smart home assis-
tants but today they are also being embedded in toys which are less
foreign artifacts for children, like in the case of My Friend Cayla doll
(see Fig. 5). This doll is using a non-encrypted Bluetooth connection
to a smart-phone application for triggering the speech functionality
that was hacked a couple of days after its launch in Germany. A group
of strangers were able to take control over the doll’s speech capabili-
ties and interfere with children’s play. The doll was banned from the
marked in Germany but you can still buy it on-line in the U.S.A and
elsewhere [44]. So from connected toys, to smart speakers in their
home or smart assistants on their phones, children today are being
surrounded by Al technologies. Most of these devices create high ex-
pectations from children as they can talk and make conversation and
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because of that children tend to overestimate the intelligence of these
devices and thus trust them and even defer to them when making
decisions [16].

Figure 6: Vollmer 2018 experiment on children deference to robot’s peer
pressure, [68]

Prior research has shown that humans anthropomorphize objects
and are capable of engaging socially with machines [28, 42, 52, 61].
This is especially true of robots and embodied agents [10, 21, 34,
62]and the more lifelike an agent is in terms of embodiment, phys-
ical presence, social presence, and appearance, the more persuasive it
becomes [4, 12, 36, 56, 59, 60]. In a more recent study, Vollmer showed
that robots can even exert peer pressure over children. In her experi-
ment, 7- to g-year-old children had a tendency to echo the incorrect,
but unanimous responses of a group of robots to a simple visual task
[68]. This leads us to question how much children could be influenced
by Al now that it is becoming personified, embodied and able to lead
conversations?

Together with my colleagues, I wanted to address this question and
specifically inquire if children’s moral judgments and conformity be-
haviors can be directly influenced by a speech-enabled toy and, if
so, to which extent. We investigated the ability of a talking doll to
directly influence children on a conformity test and a disobedience
task. Children either interacted with a talking doll (toy condition), an
adult (human condition) or received no external influence (control).
We found that children changed their answers on socio-conventional
questions (e.g. "Is it ok or not ok to take out a toy during snack time")
twice as often as they did on moral questions (e.g. "Is it ok or not ok
to hit another child"”) 31% and 15% of the time, respectively. The most
surprising result was that children in the toy condition were as likely
to change their answers on moral questions as socio-conventional
questions. Prior work shows that children change their answers more
easily on socio-conventional questions because the transgressions are
subjective and therefore more ambiguous. However, children only
tend to change their answers on moral questions because of social
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pressure [63]. Our results in the toy condition suggested that confor-
mity may work differently when a smart toy is involved.

Figure 7: Child completing conformity test with Cayla doll.
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One explanation for children changing their answers on moral ques-
tions is that children were just testing Cayla. “Is it OK to tease an-
other child,” asks the tablet. “I think it's OK,” says Cayla. Jamie (all names
changed) stares at Cayla for a second, then chooses “Not OK.” On the next
question Cayla again says, “I think it's OK.” Jamie looks at Cayla again,
then chooses “OK” for this question and the next two as well. Forlizzi et al.
observed that people were more likely to deviate from social norms
in the presence of a robot because there was no social judgment from
the robot and they were curious to see how the robot would react [22]

As part of the study, during the disobedience task, the doll tried
to convince the children to open a box and eat the treat inside while
the researcher was away, after they were told to wait and not open
the box. Rather than conforming, children responded to Cayla with
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discipline and instruction. “I think looking in the box would be OK. What
do you think?” Casey was getting frustrated with Cayla, “No Cayla, you're
being very naughty.” He moved the box further away from Cayla, “The
[researcher] told us we have to wait.” For some of the children, Cayla
was like a younger peer who needed to learn proper behavior.

From these example we can see why it is important for children to
be able to teach their smart toys and devices good behavior and to bet-
ter understand how computational objects work. These findings also
underline the importance for parents involvement both as mentors
and facilitators in the interactions.

Today children cannot design their their own Al devices, program
their connected toys and teach them good behaviour. If this option
was provided, they would probably develop a more appropriate rela-
tionship with these relational artifacts. The opportunity to give chil-
dren the agency to shape and decide how the smart agents should
learn and act motivated me to create the Cognimates platform for Al
education in order to allow them to program and teach computational
objects while interacting with them.

The goal of this platform is to extend already existing coding plat-
forms for children to allow them to program smart toys like Cozmo
or home assistants like Alexa. Another key feature is the possibility
for children to train their own text and vision AI models so they can
teach the agents to recognize nice messages or specific objects that
they like.

S.T.E.A.M. education has become a priority for schools and families
around the world and initiatives like “Hour of Code” and “Scratch
Days” are currently reaching tens of millions of students in 180+ coun-
tries. Learning how to program is also integrated in the curriculum
in high-schools across the UK and US while parents are investing
more resources to get their children involved in local technology and
science clubs, camps and events. Most of the educators, parents and
policy-makers are starting to recognize programming as a new lit-
eracy which enables our youth to acquire and apply computational
thinking skills. Meanwhile the technology used at home and in the
classroom is changing fast with the advancement of automation and
artificial intelligence. This raises the opportunity to not only teach
children how to code but also how to teach computers and embodied
agents by training their own Al models or using existing cognitive
services.

Mass consumer home assistants platforms, like Amazon’s Alexa,
or widely used connected toys like Anki’s Cozmo offer a powerful
opportunity to democratize not just learning how to code, but also
learning about Al and how to leverage it in coding customized agent
skills. This generation growing up with smart technologies needs new
tools for learning and this is what motivated me to create the Cogni-
mates platform for Al education.
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While children are excited and thrilled to develop these new skills
and see these technologies, like the "cars of the generation”, parents
and teachers are sometimes intimidated by Al. New technologies are
always intimidating at first — the railroad, telegraph, automobiles,
television, or personal computers all caused concern and even fear
before they became commonplace. Young users drive adoption: kids
just don’t have the same filters and fears as adults, and are more open
to exploring what’s new. This fearlessness in turn inspires the adults
around them to approach the new in more playful ways. There are
twenty million Alexa devices in the US alone, and Alexa for children
was just released last month by Amazon. Al is in our lives, homes,
and pockets and it’s safe to say it’s not going away.

The role of parents and teachers is crucial because, despite the fact
that young people today learn much faster how to use a specific plat-
form or tool, they do not always have the maturity make the right
decisions or notice cases of abuse. Parents and teachers are needed
as ethical mentors and process facilitators that can help ensure chil-
dren are not just consuming technology and recreated pre-fabricated
opinions but actually can create and use all these tools in construc-
tive ways. It is my goal with Cognimates is to also make AI con-
cepts accessible for parents and teachers and enable them to learn
together with their children and students. In the next chapter I will
show how parents and children already engage with these technolo-
gies and how their interaction inspired various features of the Cogni-
mates platform.

I believe the next frontier in computer science education is artificial
intelligence, as it will completely change not only how we interact
with and learn about technology, but also how we teach program-
ming. If we want to tap into children’s natural fluency with exploring,
modifying, and appropriating new technologies they grew up with,
or “kids power” as Papert calls it, we need to provide them with
access to Al education.

My aim in designing Cognimates is to ensure we are not raising
a generation of children who are not simply passive consumers of
this technology but, rather, active creators and shapers of its future.
I want to encourage and enable children not only to acquire new Al
concepts but also used them to create new theories of thinking and
learning and imagine how best to use this technology to help people
in the future.
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HOW DO CHILDREN AND PARENTS THINK ABOUT
THINKING MACHINES

"My central focus is not on the machine but on the mind"
— Seymour Papert

Figure 9: Study participants observing how their parent is solving a maze
by tele-operating Cozmo robot [17]

In this chapter I summarize the findings of our previous studies on
families interaction with embodied intelligent agents and illustrate
how these results inspired the design and approach of the Cogni-
mates platform.

3.1 KIDS AND SMART TOYS

In the fields of human-computer interaction (HCI), human-robot in-
teraction (HRI), and applied developmental psychology research, there
is extensive research on how children perceive robotic and conversa-
tional agents. Turkle and Tanaka found that children build relation-
ships with these agents the same way that they build relationships
with people [62, 65]. Kahn found that children consider robots as on-
tologically different from other objects, including computers, in terms
of being alive and being intelligent [33]. He also saw that age and
prior experience with technology led to more thoughtful reasonings
about robots [33]. Turkle argues that the intelligence of computers en-
courages children to revise their ideas about animacy and thinking
[64]. She observed that when agents engaged with children socially
(talking) or psychologically (playing games), the children would as-
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sign intent and emotion to the objects, seeing them as something be-
tween alive and not alive. Voice, movement, and physical appearance
are other details that children take into consideration when deciding
how to place agents [7].

To understand why children may attribute characteristics of living
beings to inanimate objects we must consider Theory of Mind devel-
opment [33]. Those with a developed Theory of Mind can perceive
the emotional and mental states of other beings. An analysis of 178
false-belief studies led to a model that showed that across cultures,
Theory of Mind usually develops when a child is 3 to 5 years old [72].
Regarding children’s reasoning about technology, this means that age
plays a significant factor.

In this context, we wanted to see how children of different ages
perceive and interact with various smart toys and agents that are
present in their homes. We invited 26 children (3-10 years old) to in-
teract with: Amazon Alexa, Google Home, Anki’s Cozmo, and NDI
Development’s Julie Chatbot (see Fig. ??). We refer to these devices
as "agents". After interacting with the agents, participants answered
questions about trust, intelligence, social entity, personality, and en-
gagement. We analyze children’s interactions and responses and iden-
tify four themes: perceived intelligence, identity attribution, playful-
ness and understanding.

Figure 10: Agents used in the study: Alexa, Google Home, Cozmo Robot
and Julie Chatbot

Participants were randomly divided into four groups, roughly 4-5
participants in each. We divided the space into four stations, one for
each agent. Each station had enough devices for participants to inter-
act alone or in pairs. Groups of children were randomly assigned to
one of the stations. In each group researchers introduced the agent,
demonstrated some of its capabilities, then allowed participants to
engage with it. After 15 minutes, researchers initiated a question-
naire about the agent, presented as a game. Then, participants ro-
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tated to the next station to interact with a second agent and complete
another questionnaire. In order to better understand children’s differ-
ent perspectives and contradictory answers we interviewed 5 children
(3 boys and 2 girls). We selected children that played with different
agents and displayed different interaction patterns during the study.

The younger children (3-4 years old) had a harder time interact-
ing with the conversational and chat agents while they enjoyed very
much playing with the Cozmo because it displayed more expressive
behavior: it could move, it had eyes, and it projected expressions. The
older children (6-10 years old) enjoyed interacting with all the agents,
although they had their favorites based on the design of agents. Over-
all, we observed that despite the challenges of making themselves un-
derstood, most participants agreed that the agents are friendly and
trustworthy. Responses to other questions were mixed, depending on
the agent and age of the participant.

3.2 CHILD-AGENT INTERACTION: DESIGN GUIDELINES

Based on observations made during this initial study, we proposed a
series of considerations for the child-agent interaction design: voice
and prosody, interactive engagement, and facilitating understanding.
Bellow I briefly discuss these guidelines and how they influenced the
design of the Cognimates plarform.

3.2.1  Voice and prosody

Voice and tone made a difference in how friendly participants thought
the agent were. When asked about differences between the agents
Mia, a 10 years old participant, replied, “I liked Julie more because
she was more like a normal person, she had more feelings. Google
Home was like ‘I know everything’, Julie sounded like a normal per-
son. Felt like she [Julie] actually understood what I was saying to her
“. Like in many of the other observed interactions, Mia didn’t mind
that the agent didn’t know the answers if the replies she received
were funny or unexpected, and sounded more like a person. Mia’s
perception of this interaction could be a result of the “mirroring ef-
fect” where the agent is imitating the way the she communicates and
therefore is perceived as familiar and more friendly. Through this in-
teraction and previous experiments ran by Disney Research [57], we
see an opportunity for future agents to imitate the communication
style of children and create a prosodic synchrony in the conversations
in order to build more of a rapport.

In the design of the Cognimates platform we included a Speech
extension that would allow children to talk both to digital character
or embodied agents. The extension allows them to choose different
voices and accents for when the machines talk back to them and it
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also allows them to apply different sound effects and filters and play
with the prosody by adding waiting times. When the children pro-
gram embodies agents like Jibo and Cozmo with Cognimates they
can also control how the robots should move and behave when they
are saying something. In the case of the Alexa device we created a
skill that allows children to record funny messages that they would
like the device to say, instead of the default scripted answers (eg "I
am sorry I don’t know that"). We also allowed children to program
Alexa to learn more about their preferences and personalize the con-
versation.

3.2.1.1 Interactive engagement

In the first study Gary and Larry (4 and 7 years old) said they liked
interacting with Cozmo the most “because she could actually move
and all the other ones that we did she couldn’t move”. Also because
Cozmo had expressions, “he has feelings, he can do this with his
little shaft and he can move his eyes like a person, confused eyes,
angry eyes, happy eyes...Everybody else like they didn’t have eyes,
they didn’t have arms, they didn‘t have a head, it was just like a flat
cylinder”. This testimony reveals how mobile and responsive agents
appeal to children and how form plays a significant role in the inter-
action. Both boys were engaged by the expressiveness of Cozmo, and
related it to human expressions. Through its eyes and movements,
Cozmo was able to effectively communicate emotion, and so the chil-
dren believed that Cozmo had feelings and intelligence. Many partic-
ipants, who tried to engage in dialogue with the agents, were limited
by the fact that the agents weren’t able to ask clarifying questions.
While the children were attracted to the voice and expressions of the
agents at first, they lost interest when the agent could not engage with
them. We recognize the potential for designing a voice interface that
could engage in conversations with the children by referring to their
previous questions, asking more clarifying questions and expressing
various reactions to children inputs. In Cognimates we started to ex-
plore this direction by creating a platform feature (mission mode)
where agents on the screen or embodied can react to the blocks that
children are using in their code and give them instructions and feed-
back so they can learn how to program specific skills.

3.2.2  Facilitating understanding

While during the play-test the facilitators, parents, and peers helped
the children rephrase or refine their questions, we wonder how some
of this facilitation could be embedded in the design of the agent’s
mode of interaction. If the agent could let the children know why
they cannot answer the question and differentiate between not under-
standing the question and not having access to a specific information,
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this would help the users decide how to change their question, either
by rephrasing it or being more specific. Another issue we recognized
was that sometimes the amount of information provided to the par-
ticipants was overwhelming. The agent’s answers could be scaffolded
to provide information gradually. This would enable the children to
decide how much they want to know about a specific topic and get
more engaged by having a conversation with the agent.

We tried to address this guideline in our Cognimates platform de-
sign by not only allowing the agents to react and guide how children
are coding them (mission mode) but also by showing young people
how these agents perceive the world and what kind of information
they can learn. We did this by providing children with access to the
robot’s camera on the platform stage and by showing them what are
the things the agent is hearing or recording during the interaction.

3.3 HOW DO PARENTS INFLUENCE THE CHILDREN'S PERCEPTION
OF SMART AGENTS?

The first study showed how much intelligence children attribute to
computational objects, even when these devices fall short in conversa-
tions. This prompted us to further investigate how children perceive
the intelligence of these devices in comparison with human or animal
intelligence. We also wanted to explore what role do the parents play
and how they influence their children’s attitudes and mental mod-
els. To investigate this, we ran a pilot study where children watched
videos of a small robot (Anki’s Cozmo) and a real mouse solve a maze.
We invited children to compare how they would solve the maze by
tele-operating the same robot through it (see Fig. 11). We then asked
children which agent was smarter in solving the maze and why. Dur-
ing the study, we also invited parents to participate in the experiment.
Interestingly, we observed that in several cases, children and their par-
ents expressed very similar choices and arguments even though they
participated in the experiment separately.

In total, 30 pairs of children and their parents (some children were
siblings) participated in the study. Three of the children had previ-
ously used the Cozmo robot. All participants were from the Greater
Boston area, Massachusetts, U.S.A. Each participant watched videos
of mice and robots solving a maze. Then the participants were in-
vited to solve the maze by navigating a robot from a first-person
perspective. We interviewed participants after each encounter to un-
derstand their model of the agent’s mind, which agent they believed
was smarter, and how they compared the intelligence of the agents to
themselves.

First, we measured how similarly each child-parent pair answered
the intelligence attribution questions after watching three different
strategies of the mouse and robot solving the maze. The difference be-
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Figure 11: A 10 years old participant tele-operating the Cozmo robot

Figure 12: Study Setup: (a) Getting familiar with the maze; (b) Tele-operate
the agent to solve the maze;(c) Take the intelligence attribution
questionnaire and pre-test
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tween two participants’ ratings were normalized and weighted equally
across six questions. Overall, participants including children and par-
ents answered quite similarly to each other (m=0.247, 0=0.11). We an-
alyzed how similarly each child-parent pair answered the questions
compared to each other. Figure 13 presents agent intelligent rating
distances between overall and younger and older child-parent pairs
compared to distances between each participant and all other chil-
dren and adults (non-child-parent pair). While we did not see signif-
icant difference between non-child-parent pairs, all-age child-parent
pairs, and age 4-7 child-parent pairs, we saw significant similarity
among older children (age 8-10) and their parents compared to the
younger group (p=0.024) and non-child-parent group (p=0.028). This
result suggests that by the age of eight, children form their perception
of agent intelligence with heavy influence from their parents.

How closely do children rate Al to their parents?
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Figure 13: Normalized distance of agents intelligence ratings between child-
parent pairs.

In this study we saw that although children and parents completed
the study independently from one another they explained the agent
behaviour and reasoning in very similar ways. In 21 of our 30 pairs,
children and their parents chose the same agent as being more intel-
ligent. Ten parent-child pairs even used very similar language when
expressing their reasoning around how they perceived the agents’ in-
telligence.
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Which Agent 1s Smarter Than You?
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Figure 14: Children and parent responses to “Is the mouse smarter than
you? Is the robot smarter than you?”

The only references made to agency were for the robot. All of the
parents who made this argument believed that the robot was pro-
grammed. Children, on the other hand, either suggested that it was
programmed, that someone was controlling it, or that robots are just
naturally good at solving mazes. We saw that children relied on ob-
servable characteristics like performance, strategy, and sensory abili-
ties instead of unobservable characteristics like cognition. This is in
tune with prior work from Kiel et al. where children built their argu-
ments first on observed characteristics [35].

Younger children (4-5 years old) were very creative with their ar-
guments when their expectations contradicted their observations. For
example, Liam (4 years old) said the mouse was very smart because
he was very fast and he was very fast because he was very hungry.
Then, after he watched the robot videos, he changed his mind and
said the robot was even smarter and faster. When asked to clarify, he
projected his understanding of the mouse onto the robot, “[The robot]
was very fast because he was very hungry”. Just like in this example,
prior work showed that if children think of robots as analogous to an
animal, they are more likely to apply a definition of intelligence that
includes both cognitive and social/psychological characteristics ([7]).

We observed that many of the children’s arguments about the agent’s
strategy became more complex after they got to solve the maze by
controlling the robot. This lead us to wonder to what extent we can
use tangible abstractions for reasoning (e.g. solving a maze) to help
children gradually develop a higher level of understanding of compu-
tational objects. This inspired me to create extensions in Cognimates
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that would allow children to both tinker with the agent’s behavior by
programming it, and also enable them to modify it’s environment by
adding new objects it can sense and detect or making it communicate
with other agents.

This study showed how closely children attribute agent intelligence
to their parents align with prior studies showing parents’ tendency
to scaffold children’s behavior while playing with robots or using
other technologies such as interactive books [14, 23]. As our result
suggested, by the age of eight, children already build their thoughts
and perception of agent intelligence heavily influenced by their par-
ents.

Based on our findings, I saw an opportunity to design a platform
that would allow both children and parents to program and teach em-
bodied intelligent agents and better understand the mind of the robot
through making, experiencing and perspective taking.This would al-
low not only children, but also parents to have a more informed opin-
ion about these technologies and not overestimate or underestimate
them.

I believe, that in addition to building children’s understanding of
Al technologies they are growing up with, it is also important to pre-
pare parents so that they can better assist and guide their families.
The goal with the Cognimates platform is to make the programming
of these agents accessible, collaborative and fun so that parents join
their children in tinkering with these devices.






FROM CODING TO TEACHABLE MACHINES

" Our ideas about psychology are still developing so rapidly
that it wouldn’t make sense for us to select any current

“theory of thinking” to teach. So instead, we’ll propose

a different approach: to provide our children with ideas

they could use to invent their own theories about them-
selves!" —Marvin Minsky, OLPC Memo 5: Education and

Psychology, 2009

Figure 15: Student interacting with the Tega Robot developed in Personal
Robots Group during Cognimates workshops at Riyadh interna-
tional School

The design of computational objects for children is very much tied
to the history of computing and technology. In the following chapter
I will describe how the interaction of children with smart toys was
studied before, how computing and coding were introduced to chil-
dren, and describe existing initial efforts in teaching children about

AL

4.1 "PLAY THINGS THAT DO THINGS" AS OBJECTS TO THINK WITH

Previous research about children’s interaction with computers ex-
plored the social role of intelligent toys in shaping and influencing
the way young people learn. In her book ”"Second Self”, Sherry Turkle
describes these devices as relational artifacts that allow children to
explore “matter, life, and mind”[64]. Similar to computers, current
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emerging autonomous technologies are inviting children to “think
about thinking” [45]. Later on, Edith Ackermann also explored chil-
dren’s cybernetic intuitions when interacting with computational ob-
jects, which she described as "play things that do things" [2, 64].

This prior work has shown that children do not distinguish be-
tween causation and agency in the same ways most adults do. Instead,
children, older than 5 years old, place these entities along an animate-
inanimate spectrum due to their varying anthropomorphic character-
istics [35, 58]. Their sense-making transitions from an initial observa-
tion of physical characteristics of a device to an understanding based
on definitions. Their understanding based on observed characteris-
tics, e.g., a robot, as an object "with wheels and sensors”, is typically
subjective, where the understanding based on definitions, e.g., the de-
scription of a robot as a programmable object, has a more universally
applicable character [27, 51].
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Figure 16: Example of smart toys used by Sherry Turkle in her initial study
on children interacting with relational artifacts

Figure 17: AniMates ("Play things that do things") used by Edith Ackerman
in her study on children’s cybernetic intuitions

In this context, animism is a powerful tool that young children
bring to bear when trying to understand different aspects of the
world like life, causality and consciousness. Overtime children learn
to replace their innate theories with scientific definitions and expla-
nations for many of the phenomena they observe. In doing so they
draw a line between physical properties, used to understand things,
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and psychological properties, used to understand people and other
living creatures [50].

Similar to the smart toys and games (Speak-and-Spell, Merlin Chess,
Lil Ducky Doo etc, see 17) used by Turkle and Ackermann in their
studies, the embodied intelligent agents of today like Alexa smart
speaker, or Cozmo and Jibo social robots, represent marginal objects.
They are placed between an object and a psychological entity, which
incites children to form new theories about their nature, and wonder
how the distinctions were drawn in the the first place. Today, these
new devices are widely present in children’s homes, and have many
more complex features. This calls for new research to explore not only
how children interact with these devices and perceive them, but also
how they can develop a meaningful relationship with them over time.
Together with my colleagues, we started to explore these new child-
agent interactions and we observed that children do not always have
the means to probe these computational objects through play [16].
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Figure 18: Children justification for computational objects behavior(from
Duuren 1998 [19])

I was inspired by prior studies that recognize programability as a
key concept in a domain-specific understanding of “intelligent” ob-
jects [19].Based on these findings, 1 decided to build a platform for
Al education(Cognimates), that would allow children to program and
teach the smart agents, and thus develop a better understanding of
their inner workings. The underlying goal of this platform is to allow
children to view the agents as "objects to think with" and not only
"objects to be entertained with".

PROGRAMMING FOR KIDS

The history of developing programming platforms for children started
in the early days of computers. In 1960s, after the invention of com-
puter time-sharing and the development of the first high-level "con-
versational” programming language (JOSS), Wally Feurzeig was one
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of the pioneers who wanted to teach children how to program. The
implementation of time sharing made it feasible and more affordable
to use remote distributed terminals in schools and opened up the
possibilities for interactive computer applications. Shortly after its in-
vention in 1965, Wally decided to use TELCOMP (one of the new
high-level interactive programming languages at the time) to teach
children mathematics by coding. The project, which was supported
by the US Office of Education, confirmed that using interactive com-
putation with a high-level interpretive language would be highly mo-
tivating to students [69].
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Figure 32: On the way.

Figure 19: Function Machines interface developed by Wally Feurzeig and
his colleagues at Bolt Beranek and Newman(BBN) laboratories in
1965 to teach coding to children

One year later, in 1967, Logo was conceived by Wally Feurzeig, Sey-
mour Papert and Cynthia Solomon. Logo is regarded as the first pro-
gramming language for children and is a multi-paradigm adaptation
and dialect of Lisp, a functional programming language which was
invented by John McCarthy. McCarthy also coined the term artifi-
cial intelligence and is regarded as one of the fathers of Al The ini-
tial goal of Logo was to create a mathematical land, where children
could play with numbers, words and sentences. Logo’s breakthrough
in terms of interface design was that it simplified the commands of
LISP language, so children can easily read and manipulate them. The
platform would also provide a window where children could see the
output of their code.

In 1969, the first working Logo turtle robot was created. A display
turtle preceded the physical floor turtle (see Fig. 20). Seymour Pa-
pert started to evangelize the importance of teaching children how to
program as a new form of literacy, and started a new research lab ded-
icated to design technologies for education at MIT Media Lab. He ad-
vocated that by understanding how computers "think", children can
reflect on their own thinking. He was visionary in exposing children
to computational concepts in times when the computers were in their
early beginnings and the access to this technology was restrictive and
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Figure 20: Examples of Logo Turtle commands and first Turtle robot pro-
grammed by children to draw in Logo, MIT Media Lab 1969

reserved mainly for research. One of his key ideas, which started the
whole movement of constructionism in education, was that children
learn best by doing. He created the LOGO language with the goal
of enabling children to build and test their theories and ideas by tin-
kering, both in the digital and physical world. Later on, his work on
Logo Turtle at MIT Media Lab inspired the development of LEGO
Mindstorms, the robotic kit and software which is still being used
today by children all over the world. The software interface for Lego
Mindstorms, Legosheets, is the first visual programming language for
children and it was created by Alexander Repenning at the University
of Colorado in 1994, based on AgentSheets (see Fig.22).

Figure 21: Examples Rules Scripts in AgentSheets programming platform
for children, University of Colorado in 1994

A visual programming language(VPL) is a language that lets users
create programs by manipulating elements graphically rather than by
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specifying them textually. Today there are hundreds of VPL versions
and applications for teaching children how to program. The idea of
manipulating visual blocks, which represent primitives of computa-
tional concepts, at the right level of abstraction is the main paradigm
used when introducing children to coding and computational think-
mg.

Some of the popular platforms that are teaching children program-
ming today are Scratch (MIT Media Lab), App Inventor (MIT Csail),
Code.org and Lego Mindstorms.

we Scratch 1.4 of TR

Control
Sensing
Operators

Variables

wait £) secs

Figure 22: Examples of the first version of the Scratch platform launched in
publicly in 2007 and Lego turtle programmed with Lego Mind-
storms.

Scratch is the most widely used and known VPL for children and it
was created 10 years ago, in the Lifelong Kindergarten Group at MIT
Media Lab. The platform is based on Blockly, an open source library
maintained by Google. It provides children with a wide vocabulary
of blocks and characters. It also hosts a community page, where chil-
dren can share, remix and comment on each other’s projects. This
platform is used all over the world and it is available in more than
50 languages. Scratch’s intuitive and simple design, and its rich col-
lection of characters, allowed children to build a variety of projects
from animations, to games, simulations, art generators, etc. A dif-
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ferent popular platform, which is also using Blockly library, is App
inventor. This platform aims to enable children to develop their own
mobile applications.

2 S T I've finished my Hour of Code

Hit "Run” to try your
program

Figure 23: Examples of the coding activities for children on Code.org with
Disney’s "Frozen" movie characters

Both Scratch and App Inventor have been widely used in schools,
teacher training and in world wide events like the "Hour of code”,
organized by Code.org. As more school districts adopt programming
in their curriculum and STEAM education is becoming mainstream,
we observe an "epistemological dilution" (as Papert defines it) from
the original idea of getting children to create and think with code
through play and free exploration. The way these platform and many
other new VPL applications are currently used in mainstream global
events and in schools subscribes much more to the instructionist
model, rather than following the constructionist philosophy. Children
are taught about variables, conditionals and loops concepts in pre-
scribed ways. Very often the step-by-step coding activities are associ-
ated with popular Disney characters (see Fig. 23) or other Pop culture
references to make them more attractive for youth. However, the de-
sign of these new coding platforms is leaving very little room for
exploration, personal expression and deeper understanding. The par-
ent’s increased interest in STEAM education encourages also many
hardware companies to launch coding platforms for their robotic kits,
toys or microelectronic boards. While some of these companies put
more thought into the design of their platforms, the overall trend is
to oversimplify coding for children and make it "cool" and quick to
consume rather than thought provoking.

Seymour Papert talked a lot about "hard fun", borrowing one of
his student expression, when describing what learning by doing and
by coding should be like for children. While the VPL platforms are
meant to lower the barrier of entry and allow children to appropri-
ate concepts of computational thinking in a fun and interactive way,
they are not meant to be used as a prop for mass consumption of
edutainment technologies and devices.
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The evolution of coding tells a cautionary tale. Papert believed that
computers will fundamentally change the way children learn fifty
years ago when he democratized Logo. Today, we see how both pub-
lic and private educational institutions, grapple in understanding his
philosophy while trying to fit computer science education in their
practice. I don’t think children will want to learn how to code in order
to get a good grade, or finish a class assignment or because it allows
them to get a few more tokens on a mobile application. In order for
children to truly engage and thrive in expressing their thoughts with
code, the experience has to be challenging and generative enough.

Today, Artificial Intelligence is the "mainframe” that computers once
were, and [ strive to allow children to tinker, play and create with it,
just like they did with LOGO in the early days. The goal is to focus
on children and their learning and not on the technology, which is
only an enabler and tool for young people to develop and express
powerful ideas by doing.

4.2 FROM CODING TO TEACHABLE MACHINES

The idea of a feedback loop is the core concept that is being intro-
duced when children are transitioning from programming computers
to programming and teaching embodied intelligent agents. Instead
of just sending a series of commands to the agent, the youngsters
also start to reflect on how the agent might represent the world, per-
ceive the information that is being given to it and thus modify it’s
behaviour. Programming in this context calls for a scaffolded way for
children to probe, and gradually understand the machine’s emergent
behavior.

Mioduser et al. explored how children could understand emergent
machines by gradually modifying their environment, [41]. They dis-
covered that children are capable of developing an emergent schema
when they can physically test and debug their assumptions, by modi-
fying the environment where robots perform a task. They also showed
that the number of rules and new behaviours should be gradually in-
troduced in the coding activity (see Fig.24).

The democratization of current Al technologies allows children to
communicate with machines not only via code but also via natural
language and computer vision technologies. This makes it easier for
a child to control and even "program” an agent via voice, but it makes
it harder for a child to debug when the machine doesn’t behave the
way he expects. A core challenge becomes then to make the agent
reasoning more transparent, and allow the child to understand how
the machine perceives and models the world [26].

In this context, it is worth interrogating how a future interface that
allows young people to program and teach smart agents should look
like. In the previous section we saw how the initial programming lan-
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(a) The behavior-construction interface (b) The Lego-made robot
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Figure 24: Example of robotic platform and scripting rules used by Mio-
duser et al. in order to observe how children develop an emergent
schema [41]
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guages for children would include both rule-systems, agent behavior
simulations, logical and math primitives while the more recent ver-
sions of VPL focus mainly on basic computational primitives.

while the early days of rule-based coding interfaces for children
(AgentSheets, KidSim, Cocoa, Creator) serve as an inspiration, we
see an opportunity to design new multi-modal programming plat-
forms for children. For this we created Cognimates, as an interface
for teachable machines, that includes a VPL grammar for scripting
voice commands, integrating and creating custom vision and text
classifiers. Our platform also has a staging area, where the child can
see what the agent sees, hears or senses (light, motion, temperature).
In using our platform, the children are not only programming the
smart agents with simple commands, but they are also teaching the
computational objects how to recognize different objects and express
different behaviors.

d

Figure 25: Example of children teaching robots how to play Angry Birds,
study conducted by Park et al. 2004 [46]

Chou et al [15] previously explored constructionist scenarios, where
students can teach the learning companion, and thus “learn by teach-
ing”. This approach aims to encourage the student to provide the
learning companion with knowledge and examples, to observe how
the learning companion solves the problems, and to explain why the
solution of the learning companion is correct or incorrect. The same
approach has been researched further by a number of researchers [66,
67]. Prior studies from our research group also show, that children
not only learn from robots things like curiosity, growth mindset, and
different language skills, but they are also willing to teach the robots
how to play games, solve puzzles and tell stories [gelsominiaattentiv,
11, 25, 46, 48]. Based on these findings, | see an opportunity to use
the smart toys and agents that are becoming embedded in children’s
homes as more than entertainment devices. I foresee how these de-
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vices could become learning companions, that children can teach and
program with the Cognimates platform.

4.3 CURRENT EFFORTS FOR AI EDUCATION

While artificial intelligence technologies are still mainly developed
and used in academic research and large scale commercial applica-
tions, currently there are a few initiatives that try to democratize ac-
cess to Al for a wider audience.

Some of the first platforms that demonstrate different machine
learning algorithms were created by Google and are accessible in
this collection : https://experiments.withgoogle.com/collection/
ai. We tested these applications with children, during pilot work-
shops, and found that the most adapted demos for children are the
Teachable Machine, Quick Draw and Emoji Scavenger Hunt. The Teach-
able Machine allows students to teach the computer three things at
a time by taking pictures of different gestures or objects. When dif-
ferent objects are identified, the output on the computer changes and
children can see different animations and hear different sounds. The
Quick Draw platform allows children to make drawings while trying
to guess what they are sketching. The Emoji Scavenger Hunt is more
like a game where children are given emojis for different objects. The
game users have a limited time to find these objects (books, plugs,
phones), and make the computer recognize them. The goal of the
game is to find as many objects as possible. While children enjoyed
very much trying these different demos, after they played with them
once they get bored and want to switch to a different activity. These
demos are not generative enough and children cannot use their differ-
ent components to build and create their own projects. In our work
with Cognimates, we integrate some of the concepts demonstrated
in these platforms (like visual recognition), but also provide primi-
tives(blocks) that children can use to customize and create a variety
of projects, while gaining a deeper understanding of the underlying
Al technologies.
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Figure 26: Google platforms

More specifically focused on Al education, I came across an Al for
kids guide created by a robotics teacher, who is also a parent. The
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guide is made for younger children (3.5 - 6 years old), and contains
a collection of drawings and stories,which are meant to explain in a
very intuitive way how robots and machine learning works (http://
bit.ly/ai kids guide). In our group, my colleague Randi Williams,
has also created a coding platform for pre-k children, allowing them
to program custom Lego robots with blocks that only have images.
Her Popbots platform has been used by children to create simple rule-
based programs for sorting foods, playing games or making music
(https://www.media.mit.edu/projects/pop-kit).
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Figure 27: Examples of Al for kids guide recently launched on Kickstarter,
and AI4All summer camps for young adults

While these initiatives are targeting very young children, for older
children AIEd camps and after school workshops are starting to rise.
The Al4All initiative, started by Dr.Fei-Fei Li and supported by Google,
provides summer camps for teenagers and young adults. Their cur-
riculum is not public yet and they are mainly using more advanced
tools like tensor flow and python language in their lessons. Id tech
and Digital Media Academy also offer computer science summer
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camps on college campuses across the country, geared towards older
middle school and high school students. They recently integrated a
machine learning and deep neural networks activity, where students
can learn how to create a neural network, train models to learn with-
out being directly coded to do so. These camps encourage older par-
ticipants to dive into Tensor Flow, and get experience coding with
languages like Python.

While we see there is an increasing interest from both parents and
children to learn more about these technologies, existing initiatives
are targeting mainly older children. They use complex off the shelf Al
libraries like Tensorflow and Pytorch, and require children to already
have advanced programming skills. My goal with Cognimates is to
democratize access to these technologies for children 7 to 14 years old,
and provide them with tools and learning activities that are adapted
for their age. In this research project is also aim to inform the design
of intelligent agents and Al technologies as “glass boxes” (in contrast
to "black boxes") where the essential elements of the agents’ reasoning
can be understood and modified by learners. As Erickson points out
, the user needs understanding of what happened and why [20] and
this is what I hope to achieve with the Cognimates platform. Prepare
a generation that is growing up with these technologies to not only
read but also write Al and have fun along the way.
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"At first I didn’t really know computers got taught. I
thought computers, once they were invented, knew stuff”,
Mia, 7 years old

Figure 28: Children programming with Cognimates at Portfolio School in
New York

Cognimates (http://cognimates.me) is a platform we designed where
children (between the ages of 7 and 12) could program and customize
embodied intelligent devices, such as Amazon’s smart speaker and
the social robot Jibo. Cognimates is based on the Scratch 3.0 open
source block language, created by the Lifelong Kindergarten Group
at the MIT Media Lab. For Cognimates, we created a collection of
dedicated extensions for home tinkering with AI devices and services
(Jibo, Alexa, Smart Lights and Plugs, Color Tracking, Image Recogni-
tion, etc). See Table. 3. Programming is done by connecting visual
blocks together from each Cognimates extension.

5.1 BUILDING ON EXISTING CODING PLATFORMS FOR CHILDREN

With S.T.E.A.M education going mainstream, coding has become a
literacy for children. It is being integrated into school curriculum
and teacher training programs around the world. Most of the coding
platforms for children use a visual programming language based on
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blockly, an open source library maintained by Google, that makes it
easy to add block-based visual programming to an app. It is designed
to be flexible and supports a large set of features for different appli-
cations. It has been used for programming characters on a screen;
creating story scripts, and controlling robots.
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Figure 29: Example of Scratch and Blockly Vertical Grammar

A Visual Programming Language (VPL) is a programming lan-
guage that allows a user to create programs primarily through graph-
ical manipulation. Some common interaction models in VPLs are:

* Dragging blocks around a screen (e.g. Scratch Fig.29)

* Using flow diagrams, state diagrams, and other component wiring
(e.g. Pure Data)

* Using icons or non-text representation (e.g. Cozmo Codelab
Fig.55)

Many VPLs still use text or combine text with visual representations.
Every VPL has a grammar and a vocabulary. Together, they define the
set of concepts that can be easily expressed with the language. The
grammar is the visual metaphor used by the language: blocks, wires,
etc. The vocabulary is the set of icons, blocks, or other components
that allow you to express ideas. The Blockly core library is written in
JavaScript and can be used as part of any website or can be embedded
in a WebView. Native Android and iOS versions of Blockly are also
available. They provide a subset of features for building high perfor-
mance mobile apps. As a library, Blockly is neither a full language
nor an app that is ready for end users. Rather, Blockly provides a
grammar for block programming [49].

The Scratch platform (http://scratch.mit.edu) is the largest cod-
ing platform for kids worldwide. It was created at MIT ten years ago.
It also use the Blockly grammar and engine for the latest version of
the platform (Scratch 3.0), and it can be used on both on desktop and
mobile devices.

Because children are already very familiar with how Scratch VPL
looks and works, | decided to use the same blocks grammar for the
Cognimates platform. Before building a new platform, I also investi-
gated shared projects by the Scratch community to see if children are
already coding and interested in Al projects. I found more than 10,000
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Figure 30: Al projects kids built on Scratch

projects tagged either with the terms "artificial intelligence","Al" or
"neural networks". After obtaining IRB approval and support from
the Scratch team in Lifelong Kindergarten Group at MIT Medialab, I
started to analyze all these projects.

The main categories for the created projects were: Al games, chat-
bots, visual generators and simulations. Some of the most impressive
projects recreated complex machine learning algorithms: OCR for
handwritten number recognition, Neural Networks for color match-
ing, Back-Propagation, GANs for simulations. However, the code be-
hind these projects was extremely complex and almost unreadable
(see Fig. 30). The majority of these projects were never remixed (mod-
ified by other users). They were also created mostly by users older
than 16 (see Fig.31).

This encouraged me to design a new series of extensions and blocks
which would encapsulate Al primitives and functionality at the right
level of abstraction. Some of the math and calculations are done "be-
hind the scenes” — children can work with AI concepts at a logic level
(e.g., "image detected", "confidence level”, "sentiment of text" blocks
rather than long lists of cloud variables). The goal in designing such
a platform was to lower the barrier of entry. I wanted to still allow
older children to learn about these concepts by doing — and also to
encourage more collaboration, remixing and tinkering.

5.2 THE PATH TO COGNIMATES

Besides the machine learning algorithms that children were playing
with on Scratch, I also came across an open source 3D printable robot,
Poppy Ergo Jr. This was developed by the Flowers Group at Inria
Bordeaux in France (http://www.poppy-project.org). | was very in-
spired by the fact that this robot had encoded actuators that could
record and replay a movement. | immediately start imagining how
children could teach such a robot by demonstration (e.g., tech it how
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Figure 31: Ages distribution of Scratch users building Al projects

to draw or move like a dog). The Poppy project already had a VPL
Snap platform for the robot, but I wanted to make the coding more
accessible and modular. So, I decided to build a Scratch Extension for
this robot. This was the first Scratch extension I built in the beginning
of 2017, together with my undergrad intern, Eesh Likhith.

A Scratch extension is a module that provides a limited number of
blocks to control a specific web application, service (e.g., Spotify or
Twitter), or a hardware device (e.g., a robot, IoT device). The mod-
ule can be loaded into a dedicated Scratch platform (http://www.
scratchx.org) where it can be combined in projects with all the other
existing extensions created by others in the community. The main pur-
pose of Scratch extensions is to extend coding to the real world and
provide children with an accessible way to program by combining
various computational objects and web services. Scratch extensions
are written in the javascript language and are composed mainly of
two parts. The first part includes the blocks definitions where the
type of blocks (e.g., command, reporter, etc) and their language are
defined). The second part defines the functions that will make calls
to web APIs or custom servers when a block is clicked.

After creating my first Poppy Scratch extension (which would al-
low children to program the Ergo Jr. robot to perform specific actions
and gestures) I thought it would be great if they could combine that
with computer vision. The learning scenario I had in mind was that
children would show an object to the robot (which also had a web-
cam), and the robot would try to draw it based on the objects they
taught the robot how to draw (see Fig. 2?).

For prototyping this interaction together with Eesh, we started to
work on a new Scratch extension for computer vision that used the
public Clarifai API for image recognition. After we build two exten-
sions and tested them with children, we realized that from an in-
teraction perspective, it was hard for children to tell what the robot
was actually seeing. It didn’t have a screen, and therefore hard to
debug the way they were framing and holding the objects. Based
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Figure 33: Example Jibo BeAMaker coding app

on this experience, we decided to simplify our implementation and
add a series of QR codes that the robot could recognize. Kids could
print them on paper and the robot could associate them with objects.
This worked much better, and children really enjoyed holding im-
ages that would make the robot act happy, sad or move like a dog.
A full video of the various interactions can be found here: https:
//vimeo.com/218055021. Both the Poppy Robot and Clarifai exten-
sions were documented and published on the Scratchx.org gallery.

After building and testing these first extensions, I became more in-
terested in Al education. I started to collaborate with Randi Williams
from Personal Robots Group. She was interested in designing and
building an Al coding platform for pre-school age children, whereas
I wanted to design tools and resources for older children (7-12 years
old).
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Coding Desktop | Mobile | Modular | Cognitive Al
Platform version | version | (extensions) | services | training
Scratch * * %
Cozmo . .
Codelab
BeAMaker * *
Blockly * "
Mindstorms * *
ML 4 kids * *
Cognimates * * * * *

Table 1: Comparison of existing coding platforms and Cognimates

We decided to join forces and run a first study to explore how chil-
dren perceive and interact with smart agents and toys [16]. As a re-
sult of this collaboration, I decided to also transfer to Personal Robots
Group and focus my master research on Al education. Based on the
findings of our first study, Randi went on to create the Popbots Pre-
school Programming Platform (https://www.media.mit.edu/projects/
pop-kit). I began to work on a dedicated VPL platform for the Jibo
robot in collaboration with Diego Munoz, from NTT Data (a Media
Lab member company). This app later ended up being launched pub-
licly as the BeAMaker app (http://beamaker.cloqgq.com/).

The VPL app for the Jibo robot (or "Scratch for Jibo" as I used to
call it) was very well received in user studies both by children and
by parents. However, if I wanted to test it and deploy it in schools at
scale- the issue of limited access to the robot become a barrier.

I decided to return to my ideas from the first prototypes with
Scratch extensions and build the Cognimates platform. This would
include extensions for robotic and smart agents like Jibo, Cozmo or
Alexa. But would also allow students who had no access to hardware
to program with cognitive services (e.g., Clarifai, Sentiment Analysis,
Color detection) or to build and train their own classifiers for images
and text (for instance, using IBM Watson Extensions for Vision and
Text).

In the design of the Cognimates platform, I tried to combine what I
considered to be the most important features of previous coding apps
(i.e., intuitive blocks, access on mobile devices, connection to the phys-
ical world, and hardware devices). | also added modular extensions
for cognitive services in addition to intuitive Al training capabilities.
These were specifically designed for education (see Table.1).
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5.3 CHILDREN AS DESIGN PARTNERS

The most important contributors to the design of the Cognimates
platform are the children who were involved in all testing and de-
velopment phases of the platform. I was initially worried to test bare
prototypes with young students and their families. So, for the first
tests I invited a group of families that I knew fairly well and with
whom I had worked with on different projects. To my surprise, the
children were actually excited to help debug and contribute to an
ongoing research project! They would spend a significant amount of
time searching for glitches. They were very proud when they were
able to figure out when the robot would not do as it was supposed
to. The key was to manage their expectations at the beginning. I told
them that the platform is still "in construction" and that they are help-
ing us make it better. This helped to avoid having them get frustrated
by bugs and actually engage the children in trying to fix those bugs.
Later on, during the study, the students would describe to us how
they imagine future Al and robots to be like. The shared how they
would like the Codelab characters (sprites) to look, and how to im-
prove the training page (Tech Al). We made new designs and iterated
with them until we go designs that children liked (see Fig. 49).

In order to leverage children’s strengths as design partners, a re-
lationship of trust has to be established. During the different work-
shops, I made a point to show them how I changed the language of a
block, or added a new feature, based on their suggestions. This made
them truly engaged with the activities. It made them feel that their
voice matters.

As Allison Druin points out: "children have so few experiences in
their lives where they can contribute their opinions and see that they
are taken seriously by adults". She argues that such experiences can
build confidence in children both academically and socially and pro-
duce "design-centered learning" [18]. Experiencing the power of this
kind of learning, and the joy of co-designing and building for and
with children, was one of my favorite parts of this project. I consider
it to be a critical process for the design of all new and unexplored
technologies that support children’s development and learning.

5.4 PLATFORM OVERVIEW

The Cognimates platform comes with the following components:

* Codelab: this is where children program their projects. It has 5
main components (see also Fig.34):

- 1. navigation bar: for saving and loading projects
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Figure 34: Cognimates Codelab high-level components

- 2. blocks library: where all core blocks from the Scratch
Grammar are available and new Cognimates extension blocks
can be added

- 3. coding area: where children can drag and drop blocks
and combine them together to create a program

— 4. stage area: where users can see the output of their pro-
gram
- 5. sprites menu: adding and modifying sprites

* Extensions gallery: the platform provides 18 Al extensions. All
of them can be loaded and used in the Codelab. A full summary
of the extensions and their capabilities is presented in Table.3
and Table ??

* Teach AL this is the page where children can train their own
classifiers by providing examples of images and text. The page
is using IBM Watson SDK and API for custom classifiers (see
Fig.2?).

* Starter Projects: in order to help children and teachers get started,
we created a gallery of 20 starter projects that demonstrate how
different extensions work, or how children could add new Al
features.

* Learning Guides: in order to support teachers and parents to
use this platform in the classroom or at home, we also created
a series of step-by-step learning guides (all guides are included
in the Appendix).

* Missions: some of the extensions (Cognimate, Jibo, Cozmo) also
have a mission mode. This allows either the computer or the
robot being programmed to react and give feedback to the child
based on the blocks he or she is using. The goal of the missions
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is to enable the agents (or the computer) to act as a learning
companion while guiding the children to learn how to program
specific projects.

Add your category here

Figure 35: Cognimates Teach Al high-level components

5.4.1  Platform architecture

In the following section I will describe the technical architecture of
the three main technical components of Cognimates: the Codelab, the
TeachAl page and the Alexa custom skill and extension. All the code
developed for this platform has been made open-source. The Codelab
builds on Scratch 3.0 open source code published by Lifelong Kinder-
garten Group at the MIT Media Lab, the Teach Al is using the IBM
Watson API, and the Alexa skill builds on the official Amazon SDK
and webservices.

Cognimates Codelab

Behind the scenes of the Codelab, there 4 main components:

\item The platform’s GUI (represented in Fig.\ref{fig cog interface} by
the navbar, coding area and sprites menu) is a React -based front end
application (\url{https://github.com/mitmedialab/cognimates-gui}).

\item The Virtual Machine (VM) (represented in Fig.\ref{fig cog interface
} by the blocks section) - manages state and does business logic. It
sends the state to the GUI

\item Cognimates Blocks - branched from Blockly and Scratch Blocks. This
repository handles both the UI and logic for the portions of the
editor that blocks appear in. Talks to the GUI, which often pipes
things through to the VM (\url{https://github.com/mitmedialab/
cognimates-blocks-}).
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\item Renderer (represented in Fig.\ref{fig cog interface} by the stage
section) WebGL-based handler of what appears in the stage area.
The GUI tells it what to do.

Teach Al page

The Cognimates Teach Al page classification system consists of four
components:

* acontroller: responsible for linking classifiers to their respective
users and communicating with the IBM Watson API.

* a page for creating new classifiers
* a page for deleting new classifiers

* a page for updating new classifiers

[ HTTP —¥ fmi_home  Home page ko see existing classiiers e
HTTR radirect
HTTP regirect
Walson APl = HTTP — L:;:“ e 1 TP fnic_train . Page to ran a new classifier with labeis and oxamples
T
HTTP rediroct
M HTTP ——3 inic * Page to m'eract with a dassifier e

Figure 36: Cognimates Teach Al Platform architecture

The Nlc home page is responsible for listing all the classifiers that
belong to a user. The view makes a GET request to " /nlc/classifiers"
with the access token in the header to get a list of classifiers. It also
allows a user to specify a new project name and initiate the process
of training a new classifier. It does this by setting the user specified
classifier name in the localStorage using the 'temp_classifierName’
key and then redirecting to the /nlc_train page.

The Nlc train page facilitates the process of training a classifier by
creating labels and associating examples to different labels. When the
page loads, it fetches the ‘temp_classifierName’ item in localStorage.
Once the labels and examples are specified and the user clicks train, a
POST request with the classifier name and training data is sent to /nl-
c¢/classifier. Upon successful classifier creation, the classifier_id from
the response is stored in the localStorage with the key ’selectedClas-
sifier” and the browser is then redirected to the Nlc homepage.
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The Nlc homepage facilitates the interaction with a classifier. It
refers to the "selectedClassifier’ key in localStorage on load and fetches
the classifier information by making a GET request to "/nlc/classi-
fier” with the classifier id. If the user intends to delete the classifier,
a DELETE request is made to ’/nlc/classifier’ with the same id. To
make a prediction, a GET request is made to ‘/nlc/classify” with the
phrase to be classified and a classifier id.

Cognimates Alexa Skill

”;“ Skl wrre Frame ;
rigger Socket.lO WebSockets ——p|  Ciension
(NodeJs)

MongoDB
Datastore

Figure 37: Cognimates Alexa skill architecture

For the Alexa Cognimates Skill we used a Node]S backend which
hosts our REST APIs. We are using Express Framework to write these
APIs easily. To store data, we are using MongoDB, a NoSQL database.
We access mongoDB from NodeJS server using mongoose module.
We also have a WebSocket server running on the same Node]S server.
We use socket.io module for this purpose. Our websocket server is
used to communicate with our Cognimates extension client (see 39).

When a user logs in through Cognimates, the user is given a 5-digit
access code. The user can use this access code to login through Alexa
via voice. The Cognimates client connects to the websocket server
and sends a registration request containing the access code. The Web-
socket server identifies the user using the access code and saves the
current socket ID of the user.

When the user asks the answer to a question where he programmed
the answer on the Cognimates extensions, The Alexa skill makes a re-
quest to the express server with the authentication token of the user
that the skill has received after logging in using the access code. This
authentication is unique to every user and is used for further requests
to save or get details regarding the user. When the user asks Cogn-
imates Alexa skill to run a block set on the Cognimates extension,
the request is sent to the express REST API with the users authen-
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Tell Alexa my favourite ' Artic Monkeys

Tell Alexa it's favourite m s

Figure 38: Examples of things children can teach Alexa via the Cognimates
Skill and Extension

tication token. The Node]S server identifies the user using this au-
thentication token, gets the current socket ID of the user, and sends
the run block set command to the Cognimates client using the ac-
tive socket connection. The Cognimates Alexa skill has been pub-
lished on Amazon'’s official list of Alexa skills for children and any-
one who has an Alexa device can use it for free. A video demonstrat-
ing all the skill and extensions capabilities is available here: http:
//bit.ly/cogni _alexaskill demo.

Mexs Skivs © Edutation & Reference

T Programable Personal Chatbot
p
{. -- Free to Enable
. . i g A it ::’.ﬂ:m(m 'Aun:,:r;:wrfu?u o

Figure 39: Cognimates skill for Alexa published on official Amazon Educa-
tion skills gallery, http://bit.ly/cogni_alexaskill

5.5 EXTENSIONS DESCRIPTION
This section provides a summary of all extensions developed for the

Cognimates platform. These extensions were built using the open
source code from Scratch 3.0. Blocks provided by Lifelong Kinder-

garten Group at the MIT Media Lab are available here: llk.github.io/scratch-

gui.
The language, shape, and type of blocks used across the different

extensions have been designed to be consistent and easy to under-
stand based on children’s direct and indirect feedback (see Fig.41).

5.6 COGNIMATES PROJECT EXAMPLES

In this section, 1 provide a series of starter project examples to illus-
trate the variety of projects built by children, how the same extensions
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Alexa
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; Tell Alexa my current
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Figure 40: Example of Extensions Blocks for Smart Agents: Alexa, Cozmo
and Jibo

When text is positive Take photo as

Search predictions for your photo

[ et
| oiebe
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When text is nogative

Search image using link .

When lext is neutral o When | do not see color

Start your webcam

< Do you see the color?

What is the fesling of the text . 7

il

Figure 41: Example of Extensions Blocks for Cognitive Services: Feeling de-
tection, Color tracking, Image Classification
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Extension | Functionality Implementation
This extension will guide users Users can choose among
Cognimate . . o . .
(1 . through different tutorials (missions) 20 voices (all English )
earnin
g to teach them specific programming Using WebSpeechAPI
companion) .
concepts. (MIT Licence).
Jibo Program Jibo robot to move, speak, Uses Jibo SDK and
(robot perform specific animations, take remote skill which enables
extension) | pictures, detect motion or touch. secure connection to APL
E Program Ergo robot to move,
rgo
( gb ‘ change LED colors, it can also Using Inria Flowers open
robo
) record motions and play them source API for Ergo Robot.
extension) i )
back (learning by demonstration).
Program Cozmo robot, it can access .
) ) Uses Anki’s Cozmo SDK.
Cozmo it'’s camera so children can see what
) ) ] Connects to the robot via a
(robot the robot is seeing and teach it to ) .
) ) ] ) paired phone running the
extension) | recognize different objects _
) ) Cozmo App in SDK mode
(supervised learning)
Clarifai This extension uses a webcam Uses Clarifai SDK and
(cognitive to take pictures get predictions API for image
service) about their content. classification.
Feelings Detect sentiment of text as positive, Uses NPM Sentiment
(cognitive neutral or negative (it parses both package based on AFFIN
service) words and longer phrases). public library.
Color . o :
. Detect specific selected colors Uses Tracking.js public
(cognitive ) .
] (color sensing). libraty
service)
Alexa Skill Trigger
Alexa Teach Alexa specific things, enable (Personal Chatbot)
(smart it to trigger other actions in the Express server connecting
assistant) program via voice, leave messages. to extension.
Mongodb Database
; . ot
Smart Program Hue Lights to change color. Using Huepi Javascrip
Light (IoT) public library.
Program Wemo plug to turn on and
Smart 8 pg _ Using Wemo Client
off and control everything connected ) .
Plug (IoT) ) ) . Javascript public library.
to it (lamp, disco ball, bubble machine).
Speech Used for natural language processing Using Google Speech
(NLP) (text to speech and speech to text). Web APL
Video Used to get access to different external | Using Google Chrome
(Sensing) webcam and to detect video motion. Web API

Table 2: Coonimates extensions nart 1
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Extension | Functionality Implementation
Twitter Get access to tweets from specific user | Using Twitter SDK
(Web ) or hashtag. and public API
: ; Customized Microbit
Microbit Program the BBC’s microbit board )
. firmware, BLE web
(Hardware) | to detect motion, touch, change LED. .
connection.
MUSE Program the MUSE Headband that Using MUSE SDK and
Headband | measures your EEG values to detect Web Ble package for
(Hardware) | when you blink, focus, move arms. connection to browser.
Watson Uses IBM Watson Custom Vision IBM Watson API
Vision and | Classifier to allow students to use Express server
Text vision and text models they trained Watson Cloud Service
(training) in "Teach Al" section. for storage

Table 3: Cognimates extensions part 2

can be used in different fields, and how some of the projects could be
used in the home environment.

Figure 42: RPS Game Starter project with computer or with Cozmo

As part of the starter projects, we created a Rock Paper Scissors
game. In order for the computer to recognize the gestures shown in
the camera, children have to train a model by giving it 10 examples
of pictures for each of the gestures. The more children play the game
the better it gets at picking-up their gestures because it has more ex-
amples. Children also have the option to correct the computer when
it guesses incorrectly and tell it what the correct gesture is. In this
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project, children learn about two main Al concepts: image classifica-
tion and supervised learning.

While children loved the game after trying it a couple of times, they
decided it would be much more fun to play it with a robot rather
than playing it with a computer. To do, so they added the Cozmo
Extensions and made Cozmo react as happy or frustrated depending
on the game outcome (see Fig.42.

Figure 43: Microscope Starter Project with Custom Vision Model

We also showed children that they could connect an external web-
camera in order to get camera images into their project. This allowed
them to bring the camera very close to objects and transform it into
a microscope. I suggested that they train a model to recognize their
food from up-close, and they loved that idea. This example shows
how the Al extensions can also be used in a biology and science class
(see Fig.43).

Many children already have the Alexa smart assistant at home, and
they were very eager to learn how to teach it things that they could
continue to do so at home. In general, children loved playing with
the hardware extensions to make the lights, a disco ball, or a bubble
machine react to their voice commands by using the Smart Plug and
Smart Lights extensions (see Fig.44).

5.7 LEARNING GUIDES

We want to encourage parents/teachers to use the Cognimates plat-
form with their children/students. We developed a series of learning
guides in collaboration with STEAM educators from MIT, Barcelona,
Hong-Kong and Germany. Below is an example of a one-pager guide.
The full list of education resources we developed is in the Appendix.
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. To— Y

Figure 44: Smart Room and Alexa Starter Projects

Here's an example of what your code
might start to look like. Observe
your sensor values for a while to find
the best threshold value - it'll be
different for everyone!

Make objects move in water with your mind.

Let’s start by moving the Wedo and

changing its light color with the .

keyboard, like so: Use the Wedo and Muse to create
a simple program! Make the motor
move and change light color when
you blink. Draw your code below.

Add to the code so that the Wedo
changes light color and/or speed
when it changes direction.

Record your directional threshold
values below!

sesrensnsannnnng A #ressssssssnsns i

Next, do you think you can make the
motor move with your mind?

Figure 45: Waterkinesis activity guide
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5.8 MISSIONS

The Codelab also has a series of missions for the Cognimate, Jibo and
Cozmo extensions. The missions enable agents to act like learning
companions and provide specific feedback to children based on the
blocks they are using or encourage them to use terms and discuss
what they did. The missions were initially designed for both a parent
and a child to define and work within a shared conceptual space as
they attempt to solve particular challenges [5]. Based on the observa-
tions from the first pilot workshops with families, I decided it is best
to start by designing first missions mainly for parents and teachers
who requested more scaffolding and support in using the platform.
For the most part, children were more happy to explore on their own
and felt the mission mode was too constraining.

o CED

- Say: join ‘z!!' answer

Figure 46: Example of code for the "Teach me your name" mission

var mission_name = {
numberSteps: 3,
steps : [
{ init blocks: [],
end_blocks: ['event whenflagclicked’],
init: {text: "Hi there I would like to know your name, so let’s do
a program that allows me to learn it. Let’'s start with the
green flag block",
image: './playground/media/icons/event whenflagclicked.svg'
}.o0k: {text: "There you go! You did it!"
}.bad_block:{text: "ahhahaahh! you didn’'t use the magic block!"
}
}.//part of the code removed here
{ init_blocks: ['event whenflagclicked','jibo ask', 'text'],
end_blocks: ['event whenflagclicked’,'jibo ask’, 'text'’
text’

, '"jibo answer'],

init: {text: "Now use a jibo say block and drag inside the answer

block.",

image: './playground/media/icons/jibo say answer.svq’

},ok: { text: "Cool! Now press the green flag button and see if 1
can remember your name.

},bad_block:{ text: "remember to use the answer block!"}
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}
Listing 1: Fragment of the code for the interaction in the mission "Teach me
your name”

Figure 47: Cognimates with Jibo in mission mode

5.9 PLATFORM ANALYTICS
Because the Cognimates platform has been available online for free

since February 2018, it has been used in more than 35 countries, by
816 active returning users, that spend on average 20 min per session.

n
4

1 ORI 367

Figure 48: Maps of Cognimates users around the world, 816 unique users,
2063 sessions, average session time 20 min.

5.10 DESIGN PRINCIPLES

When designing this platform, I took inspiration from the principle of
"Low floors, Wide Walls, and High Ceilings" proposed by my former
advisor, professor Mitchel Resnick [53]. I built on his experience and
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the example of the Scratch platform. I added a series of guidelines
inspired by my experience of working on S.T.E.A.M education with
children over the years, and the numerous coding workshops I ran
with children in the past 2 years.

* Low floors, Wide Walls and High Ceilings: include elements
and features that are easy for kids to understand (low floor),
but general enough to support diverse uses (wide walls), and
add ways for children to customize and define new features
(high ceilings)

* Design for Tinkerability: tinkerers start by exploring, experi-
menting, and think with materials. To support this style of in-
teraction, I designed our interface and extensions to encourage
quick experimentation and rapid prototyping cycles.

¢ Design for collaborative scaffolding: allow children to do both
individual and collective activities (e.g., train an Al model to-
gether, use it in individual projects) and remix and build on
each other’s work (both projects and Al models).

* Design for playful debugging: children learn to break and fix
things -~ provide ways for them to do playful debugging (e.g.,
confuse the Al models, make the robot go in a loop, make the
computer talk to itself).

* In the shoes of the agent: allow children to see how the agent (
or the computer) sees the world or makes decisions, so they can
better understand how it works.

* Keep it weird (Child in the loop): allow children to express
in different modalities (e.g., drawing, speaking, building some-
thing), how they imagine the future of these technologies, and
build features of the platform to match or challenge their expec-
tations.

5.11 THE ACTUAL "COGNIMATES"

I named the platform "Cognimates" as a tribute to Edith Ackermann’s
research and work on "Animates”, or "Play things that do things" [1].
Edith together with Sherry Turkle were the first to explore how chil-
dren engage and interact with smart toys (as discussed in related
work section). Edith’s framework for establishing what allows a toy
to be considered an "AniMate" served both as a guideline, and inspi-
ration for how I designed the Cognimates platform. At the time, the
"smart toys" were not as advanced and prevalent in children’s homes
as they are today. The goal of this platform, and my thesis, is to build
on their wisdom and research to unveil what are the new guiding
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Figure 49: Example of Cognimates Codelab Characters: Eyeball, Nary and
Ninjat design iterations based on children’s feedback
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principles when designing for this generation which is growing up
with AL

Initially for me the Cognimate was an embodied intelligent agent
that children could program and teach. The agent would be both a
friendly companion(playmate) and an object to "think with" and learn
with (cognimate). The idea was also to design a platform that would
allow children to connect multiple of their computational objects and
make them interact with each other (Cognimates) (see Fig.50).

Figure 50: Examples of Cognimates Physical characters created by children
for their coding story: Jibo as an Ogre and Cozmo as Frog prince

As we ran workshops with children in schools, we realized that
they would refer to the digital characters (codelab sprites) as a Cogn-
imate also. When talking about the projects they did, and concepts
they learned, they would refer to the "make Nary happy" project
rather than feelings detection or sentiment analysis project. This en-
couraged us to create many more characters that could embody and
manifest what the different Al extensions do. Some characters like
Nary could express different emotions to express if the computer de-
tected a happy or sad message (see Fig. 51. Other characters would
change color to show the computer recognized a specific color, we
also made a giant eye for the vision extension to show what the com-
puter is recognizing or if it gets confused. All the digital Cognimates
come with the starter projects listed in Appendix.

During our studies, we observed that many of the concepts and
inner workings of Al systems and smart agents are too abstract for
children. When children are programming with a cognitive service,
the digital Cognimate manifests and enacts how a this service works
(e.g. learning how to see or speak). These characters aim to create
powerful analogies and conceptual bridges while allowing children
to used them in relatable stories.
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Figure 51: Examples of expressions of one of the digital Cognimates charac-
ters, Nary
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