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petitive tasks in classrooms, like grading, and
the preparation for college entrance exams

The Machines are

Learning, and So are the Students

Craig S Smith

g Jennifer Turner’s algebra classes
were once sleepy affairs and a lot of
herstudentsstruggledtostayawake.
Today, they are active and engaged,
thanks to new technologies,
including an artificial intelligence-
powered programthatishelpingher

1 teach.

She uses the platform Bakpax that
canread students’ handwriting and
auto-grade schoolwork and she as-
signs lectures for students to watch
online whiletheyare athome. Using
the platform has provided Turner,
41, who teaches at the Gloucester
County Christian School in Sewell,
New Jersey, more flexibility in how

B she teaches and reserving class
time for interactive exercises. “The
grades for homework have been

s much better this year because of
Bakpax,” Turnersaid. “Studentsare
excited tobeinmyroom, they retell-
ingme theylove math, and those are
thingsthatIdon'tnormally hear.”

For years, people have tried to re-
engineer learning with artificial
intelligence, but it was not until the
machine-learning revolution of the
past seven years that real progress
has been made. Slowly, algorithms
are making their way into class-
rooms, taking over repetitive tasks
like grading, optimising course-
work to fit individual student needs
andrevolutionisingthe preparation
forcollegeboard examslikethe SAT.
A plethora of online courses and tu-
torialsalsohavefreed teachersfrom
lecturingand allowed them tospend
class time working on problem solv-
Ingwith students instead.
While that trend is helping people
like Turner teach, it has just
egun. Researchers are using Al to
derstand how the brain learns

and are applying it to systems that
they hope will make it easier and
more enjoyable for students tostudy.
Machine-learning powered systems
not only track students’ progress,
spot weaknessesand deliver content
according to their needs, but will
soon incorporate humanlike
interfaces that students will be able
to converse with as they would a
teacher.

“Education, I think, is going to be
the killer app for deep learning,”
said Terrence Sejnowski, who runs
the Computational Neurobiology
Laboratory at the Salk Institute
for Biological Studies in La
Jolla, California, and also is the
president of the Neural Information
Processing Systems Foundation,
which each year puts on the largest
machine-learning conference in
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the world. It is well established that
the best education is delivered one-
to-one by an experienced educator.
But that is expensive and labour
intensive, and cannot be applied at
the scale required to educate large
populations. Alhelps solve that.
The first computer tutoring
systems appeared in the 1960s,
presenting material in short

+ segments, askingstudentsquestions

as they moved through the material
and providing immediate feedback

on answers. Because they were
expensive and computers far from
ubiquitous, they were largely
confinedtoresearch institutes.

By the 1970s and 1980s systems
began using rule-based artificial
intelligence and cognitive theory.
These systems led students through
each step of a problem, giving hints
from expert knowledge bases. But
rule-based systems failed because
they were not scalable — it was
expensive and tedious to program
extensive domain expertise.

Since then, most computer
teaching systems have been based
on decision trees, leading students
through a preprogrammed
learning path determined by their
performance—ifthey getaquestion
right, they are sent in one direction,
and if they get the question wrong,

Q After a few questions
we could..figure out
what level you are at and the
optimal piece of content for

teaching. The more you
worked with the system, the
better our profile of you got
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they are sent inanother, The system
may look like it is adapting to the
student, but itisactuallyjustleading
thestudentalonga presetpath.

But the machine-learning
revolution is changing that.
Today, learning algorithms
uncover patterns in large pools
of data about how students have
performed on material in the past
and optimise teaching strategies
accordingly. They adapt to the
student’s performanceasthestudent
interacts with the system, Bakpax
asks teachers to notify parents how
their children’s data will be used,
and parents can optout. But Bakpax
and other companies say they mask
identities and encrypt the data they
docollect.

Studies show that these systems
canraise student performance well
beyond the level of conventional
classes and even beyond the level
achieved by students who receive
instruction from human tutors.
Al tutors perform better, in part,
because a computer is more patient
and often more insightful.

One of the first commercial
applications of machine learning
to teaching was by the company
Knewton, founded by Jose Ferreira,
a former executive at the private

education company Kaplan.
Knewton uses a mix of learning
algorithms to evaluatestudentsand
matchmaterialtotheirneeds.

“After a few questions we could
very quickly figure out what level
you are at and the optimal piece of
content for teaching,” Ferreira said.
“The more you worked with the
system, the better our profile of you
got and the more we could give you
betterand bettercontent.

Nonetheless, Knewton ran into
financial difficulties and was sold
in May to the education publisher
Wiley. Ferreira said the company’s

troubles were not because its
) didn

otwork, butbecause

ad relied heavily
. which dropped

er, whi





