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INTRODUCTION

THE TECHNOLOGY FOR EDUCATION’S 
MOONSHOT IS HERE. 
K-12 education is long overdue for its 
moonshot, that amazing technological 
breakthrough—like the actual lunar landing 
or the recent development of the self-driving 
car—that will take student learning to the 
next level and close the achievement and 
opportunity gaps once and for all. 

Consider the self-driving car for a moment. 
Back in 2005, when the Defense Advanced 
Research Projects Agency (DARPA) 
offered cash for anyone who could create 
an autonomous ground vehicle capable of 
completing a certain course, the automotive 
industry didn’t take it too seriously. But a few 
visionary thinkers did, and we’re just a few 
years away from a major disruption in how 
human beings get around. 

Sebastian Thrun, known by many as the father 
of self-driving cars, explained the implications 
of the technology in a wide-ranging interview 
with the San Francisco Chronicle:

“If transportation becomes a service, we 
will need many fewer cars and won’t need 
individual car insurance. Parking garages 
will be obsolete; trauma surgeons and tort 

lawyers will have less work. City design will 
be different; people can live closer together 
and waste less land. It will be uniformly 
better for the planet.” 1

Thrun asserts that self-driving cars are now 
safer than human-controlled cars, and the 
reason is data at scale. “When a human driver 
makes a mistake, he or she learns but nobody 
else learns,” Thrun says. “When a self-driving 
car makes a mistake, all the other cars learn 
from it as well as the unborn cars, future cars. 
The rate of progress is much faster.” 

WHAT IF WE COULD IMPROVE 
EDUCATION IN A SIMILAR WAY?

Imagine if we could harness Big Data to 
enable machines to learn the way students 
do. It would radically change the way we 
educate our children. Just think of the 
possibilities if we could leverage multiple 
measures associated with teaching and 
learning—including learning styles, career 
and college interests, dispositions, academic 
skills, and content knowledge—to create truly 
individualized success paths. And consider 
the impact it would have on education if all 
remaining teachers who use lectures as their 

2

1 Said, Carolyn, “Talking to a Tech Giant: Sebastian Thrun Talks Autonomous Vehicle Barriers, Business Models.” San Francisco Chronicle, December 6, 
2016. Retrieved from: http://www.govtech.com/fs/Talking-to-a-Tech-Giant-Sebastian-Thrun-Talks-Autonomous-Vehicle-Barriers-Business-Models.html
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primary instructional strategy (sage on the 
stage) could move, thanks to the ubiquity 
of information on computers and mobile 
devices, to a new role that facilitates learning 
and critical thinking. 

Here are just some of the things we might 
see if we put our minds to implementing 
machine learning technology in education 
at scale:

• THE TRADITIONAL CLASSROOM COULD BECOME 
A THING OF THE PAST. 

 Information is everywhere, and machine 
learning programs could potentially 
support teachers with differentiated tier 
one instruction for every student through 
various modalities, both online and in the 
classroom. Students may not even have to 
report to a physical building f ive days a 
week.

• THE WAY TEACHERS AND STUDENTS INTERACT 
COULD SHIFT DRAMATICALLY.

 As more students learn core curricula 
through machine learning platforms, 
teachers would be empowered to focus 
on individual students, pinpointing gaps 
and enrichment areas and creating safe 
and supportive learning environments. 
Teachers would become more like coaches 
and mentors, called upon as needed to 
proactively support all learners.

• THE TERMS “SCHOOL WEEK” AND “SCHOOL 
YEAR” MIGHT NEVER BE USED.

 With the possibility of students and 
teachers becoming less tethered from 
physical buildings, learning can become 

more virtualized. Students could choose 
multiple college and career pathways 
and take advantage of various locations 
to support relevant learning. Course 
completion and graduation dates could 
become more f luid, and students could 
take advantage of opportunities to travel 
or gain work experience in new and 
exciting ways.

• STUDENTS COULD BECOME EVEN STRONGER 
ADVOCATES FOR THEIR OWN LEARNING.

 With greater freedom and individualized 
guidance from teachers they truly respect 
and admire, students could explore their 
interests and learn to appreciate subjects 
they might not have been exposed to 
previously

THE TIME TO EXPERIMENT WITH 
MACHINE LEARNING IS NOW.

Technology is changing just about every 
other industry. Our job as educators is to 
prepare students for the world they’ll be 
graduating into, so it’s imperative that 
we learn from societal trends like the gig 
economy, data analysis, machine learning, 
and artif icial intelligence to continue 
empowering teachers and ensuring that no 
students fall through the cracks.

Machine learning, especially, is proving to be 
a powerful tool to support educators in the 
transformation we’re about to undertake. 
We can see the day when we can use data to 
help teachers create a technological system 
that accommodates different learning styles, 
supports educational def iciencies, and crafts 
individualized success paths that close the 
achievement gap. 



WHO WILL BENEFIT FROM READING THIS GUIDE?

Central office administrators who  

embrace continuous improvement

School administrators who believe in  

equitable outcomes for all students

Faculty members who want more time  

and tools to help students f ind their  

inner gifts and talents
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PA RT  O N E

T H E  C A S E  F O R  M A C H I N E 
L E A R N I N G  I N  S C H O O L S

IDENTIFYING DATA PATTERNS TO CRAFT LEARNING PATHS FOR 
SPECIFIC STUDENTS IS ALREADY GETTING RESULTS IN MATH AND 
SCIENCE. BUT IT’S JUST THE BEGINNING.

Back in 1959, Arthur Samuel def ined machine learning as the “f ield of study 
that gives computers the ability to learn without being explicitly programmed.”2 
Today, machine, or adaptive, learning holds great promise for K-12 educators. 
Through the analysis of vast amounts of data patterns, computers will be able to 
identify how specif ic students learn and apply that information at scale to help all 
students reach mastery in all content areas. 

With the knowledge from expansive data analysis continually growing and 
spreading out across the universe of students, machine learning platforms will 
keep getting closer to an experience that’s more like one-on-one, differentiated 
instruction. Currently, programs exist that know how to adjust the diff iculty of 
questions, based on the behavior of specif ic student users, to minimize boredom 
and maximize engagement and learning. Another common feature of adaptive 
learning software platforms is something called interleaved practice, a technique 
by which previously learned topics are occasionally reviewed to ensure that 
concepts and facts are retained.

2 Coursera, Stanford University course on Machine Learning. Retrieved from: https://www.coursera.org/learn/
machine-learning/lecture/Ujm7v/what-is-machine-learning
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MACHINE LEARNING WORKS

Philip Oreopoulos and Andre Nickow, writing for MIT’s Abdul Latif Jameel 
Poverty Action Lab (J-PAL), reviewed more than forty studies of adaptive learning 
software and concluded that students using it consistently show better performance. 
“There are not many other interventions with credible evidence showing these kinds 
of effects,” says Mr. Oreopoulos.3  

The chart below shows that computer-aided learning tools are among the most 
effective—and least expensive—interventions resulting in large or very large 
improvements in math scores. 

 

Figure 1. Research from J-PAL North America shows the impact of edtech interventions.4 

In addition to impacting student performance in math and science, adaptive 
learning solutions can help boost teacher productivity and free up some of their 
time. For example, some machine learning applications help teachers grade writing 
assignments more quickly and accurately, by showing paired excerpts and asking 
which one is better. 

3 “Technology Is Transforming What Happens When a Child Goes to School.” The Economist, July 22, 2017. Retrieved 
from: https://www.economist.com/news/brief ing/21725285-reformers-are-using-new-software-personalise-learning-
technology-transforming-what-happens

4 Ibid.
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H O W  TO  L AY  T H E  
F O U N D AT I O N  F O R  T H E 

M O O N S H O T

CLOSING THE ACHIEVEMENT GAP STARTS WITH A REAL COMMITMENT 
TO RESPONSE TO INTERVENTION (RTI), BUT SINCE LEARNING IS 
COMPLEX OUR APPROACH NEEDS TO BE MORE NUANCED.

Machine learning programs are poised to help overcome some of the challenges 
with RtI implementation. While the Individuals with Disabilities Education Act 
(IDEA) mandates RtI, many schools and districts have struggled to implement 
it in a consistent, effective way for a multitude of reasons. While the notion of 
RtI may seem simple—differentiate instruction and support students until every 
learner reaches mastery—putting it into practice is much more diff icult.   

According to the RTI Action Network, RtI challenges include “funding 
problems, staff resistance to change, and, most importantly, weak and inadequate 
professional development (both for teachers and administrators) causing an 
insuff icient knowledge base and a lack of understanding of the importance 
of fully and deeply implementing each key component in the Response to 
Intervention process.”5  

5 Campsen, Lauren, “Response to Intervention Implementation Mistakes.” RTI Action Network, August 20, 
2013. Retrieved from: http://www.rtinetwork.org/rti-blog/entry/1/215.
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The Center on Response to Intervention at American Institutes for Research 
def ines the four essential components of RtI as screening, progress monitoring, 
data-based decision making, and a multi-level prevention system. It’s clear that 
optimizing these elements requires a robust data analytics and reporting platform, 
which, unfortunately, many districts have yet to adopt.

It should be clear that adaptive learning technology can have a profound effect on 
the fourth essential component of RtI, the multi-level prevention, or intervention, 
system. One of the real appeals of machine learning tools is that they can be used 
to support teachers in differentiating Tier 1 instruction, and help educators design 
tiered, targeted, and strategic paths specif ically for each learner.

6 Center on Response to Intervention. Retrieved from: https://www.rti4success.org/

Figure 2: The essential elements 
of RtI: Screening, Progress 
Monitoring, Data-Based Decision 
Making, and a Multi-Level 
Prevention System6
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W H Y  P E R S O N A L I Z E D 
L E A R N I N G  I S  I M P E R AT I V E

CARNEGIE UNITS OF STUDY (THE FACTORY MODEL) ONLY PERMIT A 
CERTAIN GROUP OF STUDENTS TO THRIVE. SCALING PERSONALIZED 
LEARNING WILL CREATE INCREDIBLE FREEDOM AND SHOW THE 
WAY FOR EVERY STUDENT TO SUCCEED.

Truly effective RtI requires intentional interventions that match student-learning 
preferences and motivate students to keep learning, but this can become complex 
in a classroom with 30 students. It will take a breakthrough technology like 
machine learning to make personalized learning paths an effective reality at scale.

 

7 Op. cit., The Economist. 

More than 3,000 U.S. district 
superintendents have pledged 
to move toward personalized, 
digital learning.7 33%
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Until now, personalized learning has been mostly about differentiating instruction 
for students with different skill levels and spending extra time with as many students 
as possible. It’s not the most eff icient system, but it’s all we’ve had to work with 
until now.

Taking personalized learning to the next level requires empowering students 
and leveraging the data on how each student learns, what motivates them, and 
their particular academic goals. In 2010, the Software & Information Industry 
Association, the ASCD, and the Council of Chief State School Off icers produced 10 
essential elements and policy enablers for personalized learning:

ESSENTIAL ELEMENTS FOR PERSONALIZED LEARNING

1. FLEXIBLE, ANYTIME/EVERYWHERE LEARNING

2. REDEFINE TEACHER ROLE AND EXPAND “TEACHER” 

3. PROJECT-BASED, AUTHENTIC LEARNING

4. STUDENT DRIVEN LEARNING PATH 

5. MASTERY/COMPETENCY-BASED PROGRESSION/PACE

POLICY ENABLERS FOR PERSONALIZED LEARNING

1. REDEFINE USE OF TIME (CARNEGIE UNIT/CALENDAR)

2. PERFORMANCE-BASED, TIME-FLEXIBLE ASSESSMENT

3. EQUITY IN ACCESS TO TECHNOLOGY INFRASTRUCTURE

4. FUNDING MODELS THAT INCENTIVIZE COMPLETION

5. P-20 CONTINUUM AND NON-GRADE BAND SYSTEM 8 

8 Software & Information Industry Association. Retrieved from: http://www.siia.net/Portals/0/pdf/Education/
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In 2014, a group of organizations, including The Bill & Melinda Gates Foundation, 
Afton Partners, The Eli & Edythe Broad Foundation, CEE Trust, The Christensen 
Institute, Charter School Growth Fund, EDUCAUSE, iNACOL, The Learning 
Accelerator, The Michael & Susan Dell Foundation, and Silicon Schools, along with 
educators across the United States, developed a working def inition of personalized 
learning that rests on four pillars:

 

1. LEARNER PROFILES 
Each student has an up-to-date record of his/
her individual strengths, needs, motivations 
and goals. 

2. PERSONAL LEARNING PATHS 
All students are held to clear, high 
expectations but each student follows a 
customized path that responds and adapts 
based on his/her individual learning progress, 
motivations and goals. 

Figure 4: The Four Pillars of 
Personalized Learning9 

3. COMPETENCY-BASED PROGRESSION 
Each student’s progress toward clearly-
def ined goals is continually assessed. A 
student advances and earns credit as soon as 
he/she demonstrates mastery.

4. FLEXIBLE LEARNING ENVIRONMENTS 
Student needs drive the design of the learning 
environment. All operational elements—
staff ing plans, space utilization and time 
allocation—respond and adapt to support 
students in achieving their goals.

9 Retrieved from: http://www.newclassrooms.org/wp-content/uploads/2016/07/personalized-learning-working-def inition.pdf
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PERSONALIZED LEARNING AND THE ROLE OF TEACHERS

It’s important to know that personalized learning is incredibly dependent on 
teachers, who may take on important new roles in the classroom actually working 
with individual students, after machine learning software sorts out what each 
student knows, how each student maximizes learning, and how much they’ve 
mastered social-emotional learning competencies. Today’s teachers should be 
incredibly excited to have the support of machine learning tools at their disposal.

Alex Hernandez, a vocal proponent of personalized learning, says that “students can 
engage in personalized learning for a portion of the day and spend the rest of their 
time in rich learning activities that only teachers can provide. The bet here is that 
if students can drive their development of basic skills and background knowledge, 
teachers can ‘trade up’ and focus their energies on challenging tasks and compelling 
experiences. Teachers should be in the business of creating ‘aha’ moments for 
children, not f iguring out seven different math lessons for 25 different students.”10

10Hernandez, Alex, “Understanding the Promise of Personalized Learning.” Education Next, April 22, 2015. 
Retrieved from: http://educationnext.org/personalization-future-learning/





15

PA RT  F O U R

W H AT  TO  LO O K  F O R  I N  
D I S R U PT I V E  T E C H N O LO G Y

THE BEST EDTECH SOLUTIONS PROVIDE A CONSTANT LEARNING AND 
FEEDBACK LOOP. AS WITH THE SELF-DRIVING CAR, THE MORE DATA WE 
COLLECT THE SMARTER AND MORE COMPREHENSIVE THE SYSTEM BECOMES.

Hernandez explains that “personalized learning theory is built on the twin pillars of  
1) differentiated learning pathways for students and 2) feedback that enables students to 
make informed judgments about what they’ve learned, how well they’ve learned it, and 
what to learn next.”11 

According to Hernandez, “neither differentiation nor feedback scale without 
technology.”12  You could hire more teachers and tutors to do this, but that’s ineff icient. 

The best machine learning programs create a continuous learning and feedback loop that 
keeps students progressing without boredom or frustration. This creates tremendous 
learning momentum, while building conf idence at the same time, and is where the real 
opportunity lies in closing the achievement gap for good.  

Keep in mind that we are still at the very beginnings of this technology, and the more 
data we collect, analyze, and use to ref ine the technology, the more expansive the 
transformation will be. 

The future is f illed with exciting possibilities that will impact the physical space of 
schools, the time spent by teachers on menial versus meaningful tasks, and the ability for 
all students to achieve mastery and f ind paths to fulf illing lives.

11 Ibid.
12 Ibid.



PA RT  F I V E

N E X T  ST E P S :  H O W  TO 
C LO S E  T H E  A C H I E V E M E N T 

G A P  I N  YO U R  D I ST R I C T

APPLY STRATEGIC AND TACTICAL BEST PRACTICES TO HELP YOUR 
STUDENTS NOW—AND ALWAYS KEEP REACHING FOR THE MOON.

The average statewide gap 
between poor and non-poor 
students in the U.S. is 15.6 
percentage points.13 

Machine learning

Personalize learning 
so every student can 
get ready for college 
or career.

HUGE PROBLEM

RADICAL SOLUTION
BREAKTHROUGH 
TECHNOLOGY

13 OCosman, Ben, “The High School Graduation Rate Is Great, Unless You’re Poor.” The Atlantic, April 28, 204. 
Retrieved from: https://www.theatlantic.com/national/archive/2014/04/the-high-school-graduation-rate-is-
great-unless-youre-poor/361321/
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SEE BELOW FOR WAYS TO OPTIMIZE STUDENT PERFORMANCE.  
 

    Commit to being more data-driven 
ACTION ITEMS:

> Embrace a data analytics program for assessing student and school performance. Make sure 
it’s easy to use and offers robust reporting capabilities so you can get enthusiastic buy-in from 
all stakeholders. 

> Take an honest look at your data and use it to determine the strengths and weaknesses of 
your students, instructional programming, and resource allocation. 

> Set goals for improved growth and performance.

> Generate reports to help you make better, data-driven decisions.

> Continually monitor progress and make adjustments for ongoing improvement.

    Effectively implement RtI throughout your school or district
ACTION ITEMS:

> Make sure faculty members understand the essential elements of RtI; invest in training if 
necessary.

> Use reports from your data analytics and assessment platform as a foundation for RtI 
success.

> Give teachers the opportunity to experiment with different types of interventions—such as 
small-group instruction, peer tutoring, and Montessori-style work cycles—and put the most 
effective ones to use in all your schools.

    Make personalized learning a priority in your school or district
ACTION ITEMS:

> Look for ways to relieve teachers of the burden of content delivery.

> Get teachers more comfortable taking on the role of coach or mentor.

> Investigate ways to use your data to encourage and monitor personalized learning. 

> Look into machine learning technologies that can integrate with your data platform.
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