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Context

Learners

Environment

• 11-14 year olds who are well socialized and have been in Montessori environments
for the majority of their classroom experiences.
• Formal operational stage of development, comfortable with abstract concepts and
hypothetical thinking.

Prior Knowledge

Motivation
• Machine learning and artificial intelligence applications are becoming ubiquitous,
requiring novices and non-experts to interpret the outputs of these systems to use in
their own decision making scenarios or settings.
• Currently the engineers and companies creating these systems suffer from a lack of
diversity and can have myopic perspectives on what is “good” or right to build.
• To create equitable and unbiased systems (since everyone is a consumer of these
applications) we need to increase the participation of diverse backgrounds and
perspectives when building these systems and deploying these applications.

• Experience with making and physical constructions.
• No experience with intermediate or advanced mathematics.
• No experience with programming needed but it would be helpful.

Metacognitive

• Know the difference between models
and procedural programming
•
• Understand how a machine encodes
rich media (images, text, audio, etc.)
•
• Understand that models are
abstractions that synthesize
generalization from lots of data

Understand the the ability to learn is a
skill itself and takes practice to master
Evaluate how well one is learning with
the given exercise and what could be
done to improve one’s learning

• Identify real world problems that can
be solved computationally with ML
• Properly manage time to sufficiently
• Train a new model with novel data
complete open ended projects
Interpret the output of a model

• Evaluate how well a model is
performing.
• Be empathetic to others viewpoint,
perspectives, and backgrounds

Dispositions •

Be cooperative and collaborative in
multidisciplinary group settings

For each exercise there will be “checkpoint” questions which ask the student to
complete a certain task or answer a question. These questions will serve as the
skeleton of the exercise. Interspersed there will be “discovery” questions which will
prompt the student to explore a certain concept in an open ended manner or to
create a certain computational artifact.

• Students preferred learning style and type of intelligence may impact how well the
audio/visual and interactive applications used in instruction work.

Since this is meant to be an open ended discovery and creativity based curriculum,
there will be little to no summative assessment. Students will be evaluated on their
synthesis of the material through their final project/computational artifact (Module 3).

Instruction

Cognitive

Procedural •

Scaffolded exercise questions and self evaluation questions will serve not only to
direct the students in the exercise and add structure/focus to an otherwise
completely open ended task, but to also allow the teacher to get a quick sense of
how well a student is completing the material and if they may need additional
guidance.

Summative

Individual Differences

Goals

• Understand what worked and why
when completing tasks and assignments

• Self reflect on how one’s own attitudes
affect others

Educational
Narratives

Research

The instruction will be delivered in three modules, each 3-4 hours (depending on the
individual school) and consist of an initial brief introduction by the instructor with the majority
of the work delivered as self-directed scaffolded exercises in which the teacher will
only serve as a moderator. All of them will use graphical, interactive, and web based machine
learning applications from the Google AI Experiments.

Module 1: Classification
• Students will use the Teachable Machines
experiment to build a “friend detector”.
• Scaffolded questions ask how to train a model and
how to know how well a model is performing.
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Supervised learning

Features

Machine Representations

Unsupervised learning

• Open ended project utilizing a sensing device as
input to a creative machine learning system.
• Opportunity for synthesis from this class module
and from other curriculum involving making.

Reflexive
Learners

I/O Mapping

Hypothesis Through a hands-on project based curriculum, students not only will

have as good if not better learning gains in the classroom, they will be better at applying
that knowledge to new problems. And through create applications of technical
concepts, not only will students be more engaged in the classroom but students who
may not otherwise pursue ML/AI will feel empowered/excited to study it in the future.

Independent Variable Type of curriculum: one class will get prepared,

scaffolded hands-on exercises to complete with the web based applications while the
other will get traditional direct instruction lectures with the same content.

Module 3: Making

Physical Sensing

• Can machine learning effectively be learned by novices who lack the mathematical
background to understand the formalism of the models and algorithms themselves?
• Does hands-on constructionist instructional design outperform traditional direct
instruction in applied domains and result in deeper knowledge and longer retention?
• Do creative applications of ML lead to more motivated and engaged students?

• Due to the wholistic nature of Montessori classrooms and the nature of the
intervention, the design will be evaluated with a split class design involving 2 classes.
• Fidelity will be ensured/measured through a teaching rubric, teacher self evaluation,
and researcher observation.

• Students will use the NSynth project to create new “instruments” to
explore how ML can learn different audio representations.
• Scaffolded questions will probe how machines encode audio, how ML
works without labels, and how models can be used to create.
Sound

Question

Experiment Design

Module 2: Generation

• Be flexible and dynamic to changing
one’s perspective or beliefs

The learner goals follow from the K-12 Computer Science Framework (k12cs.org) — a set of
conceptual guidelines developed by a consortium of computer science and education
organizations to inform the development of standards and curriculum for states, districts, and
schools. The framework illuminates the big ideas of computer science through a lens of
concepts (i.e., what students should know) and practices (i.e., what students should do).

Big
Ideas

Formative

Developmental Level

• Middle School Montessori (traditional grades 6th-8th, ages11-14)
• Mixed age and prior knowledge classrooms
• Student autonomy in choosing what to learn
• Uninterrupted blocks of lab and work time
• Collaborative exercises and assignments

Conceptual

Assessment

Measurement Retention of knowledge and transfer of knowledge. Students will

receive pre/post/delayed tests to assess knowledge/skill gain in the classroom as well as
retention and transfer. Students will also be given an exit survey on how well they
enjoyed the activity and the likelihood that they will continue pursuing ML/AI.

Creative

Continuous
Assessment

School as
System

Empowered
Communities

