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search and development and 
has the potential to trans-
form the ways we teach and 
learn around the world.

In this issue of XRDS, we 
explore the budding topic of 
AI in education, diving into 
examples of applications as 
well as key opportunities 
and challenges surrounding 
the use of AI for teaching and 
learning. First, Dr. Ryan Bak-
er (professor at the University 
of Pennsylvania) provides an 
overview of key learning ana-
lytics methods that leverage 
AI, machine learning, and 
data mining techniques for 
educational contexts and 
shares examples of ways in 
which these methods have 
been applied to assess and 
support various aspects of 
students’ learning and other 
educational outcomes. He 
also draws attention to some 
interesting challenges, in-
cluding difficulties with gen-
eralizability and the risk of 
algorithmic bias, and shares 
some ways to get involved 
and learn more about learn-
ing analytics. 

Narrowing in on the chal-
lenge of building inclusive 
and equitable AI for educa-
tion, Dr. Rod Roscoe (associ-
ate professor at Arizona State 
University) uses a human-
centered approach and pos-
es four heuristic questions 
that we should keep in mind 

Blackboards are fash-
ionable. Everyone 
praises them, and 
every school has 

them; …[n]o teacher now 
dares question their utility; 
but how many teachers prove 
their utility by daily use? To 
how many are they a con-
stant necessity, not an occa-
sional convenience?” 

These words were writ-
ten in a short essay pub-
lished in The American Edu-
cational Monthly in 1866 [1]. 
More than 150 years later, 
the classroom looks vastly 
different. When I taught in 
a high school math class-
room in 2018, my classroom 
did not have a blackboard, 
but rather a markerboard, 
a document camera, and a 
projector to broadcast a com-
puter screen. Yet, although 
the technology has evolved, 
these presentation tools car-
ried on the same spirit of the 
original blackboard. They of-
fered students the opportu-
nity to see the mathematics 
illustrated, interact with the 
ideas, and present their own 
problem-solving methods 
for the class to see and learn. 

Now, the technologies 
that allow us to present ideas 
on a board, whether writ-
ten in chalk or projected as 
a digital image, are not just 
fashionable conveniences; 
they are constant necessities 

“ in the modern classroom. 
We use them daily, and they 
have shaped pedagogical ap-
proaches to emphasize visu-
alizations of abstract ideas, 
facilitate lively collaborative 
discussions, and incorporate 
students’ own creative inter-
actions. This goes to show 
that, as technology evolves, 
so do the ways in which we 
teach and learn. 

I often wonder what’s next 
for education. What will our 
future classrooms look like? 
What “hot” technologies ex-
ist today that will ultimately 
shape teaching and learning 
in the future? One poten-
tial answer to this question 
brings us to the subject of 
this issue: artificial intelli-
gence (AI). 

AI has certainly been an 
upward trending topic in a 

variety of sectors, not just 
education. From self-driv-
ing cars to AI-generated art, 
news stories pop up every day 
about how advancements 
in AI development and re-
search are driving new and 
exciting innovations, with 
more and more speculation 
about how these technolo-
gies will ultimately influence 
our day-to-day lives. 

However, in the world of 
education, AI has had its foot 
in the door for some time, 
with academic research on 
computer-assisted instruc-
tion and intelligent tutor-
ing systems dating back to 
the 1950s. While academic 
research on AI in education 
has been growing for many 
years (for interested readers, 
check out the International 
Artificial Intelligence in Ed-
ucation Society1), it is only 
within the past few years that 
AI-enabled tools have really 
taken the spotlight in educa-
tion. An increasing number 
of learning environments 
and assessment systems are 
using AI and data-driven ap-
proaches to support assess-
ment, teaching, and learning 
behind the scenes. With a 
market projected to be worth 
$6 billion by 2024 [2], AI in 
education is certainly an ac-
tive and thriving area for re-

1 https://iaied.org/
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ally recognized education 
standards. He also investi-
gated the chatbot’s ability 
to grade a student’s science 
essay, generate personalized 
learning guidance, and cus-
tomize feedback to consider 
special needs of students. 
While Dr. Zhai considers 
how ChatGPT could be used 
to facilitate teaching, Dr. Da-
vid Joyner (executive director 
of online education at the 
Georgia Institute of Technol-
ogy) advocates for educators 
to embrace students’ use of 
technologies like ChatGPT. 
Drawing parallels to the evo-
lution of calculator use in the 
classroom, Dr. Joyner sug-
gests ChatGPT will become 
a valuable tool that will ulti-
mately benefit students who 
learn to use it effectively.  

With generative AI tools 
in mind, our final article 
from Joanne Leong (Ph.D. 

around the development and 
use of AI in education. These 
heuristics, which Dr. Roscoe 
dubs “who-ristics,” are in-
tended to shed light on the 
people who are involved with 
(or not involved with) the de-
velopment process as well as 
those who are most affected 
by applications of the tech-
nology. 

A prime example of this 
human-centered approach 
to equitable AI is the child 
speech recognition technol-
ogy developed by Dr. Ame-
lia Kelly’s team at SoapBox 
Labs. Dr. Kelly (CTO at Soap-
Box Labs) joined us for an 
interview, during which she 
described the importance of 
developing speech recogni-
tion technology for children. 
She noted many speech rec-
ognition models are built 
using data from adult speak-
ers, leaving these models ill-
equipped to be used to detect 
the speech of young learners. 
During our conversation, Dr. 
Kelly also shared her career 
path and her recent oppor-
tunity as a Fulbright Scholar 
at the University of Colorado 
Boulder, integrating the 
speech recognition technol-
ogy into a tool designed to 
help teachers better facili-
tate group discussions in the 
classroom. 

Also keeping inclusion 
and equity at the forefront 
throughout the develop-
ment process, Alayne Ben-
son (AI communications 
and outreach coordina-
tor at the National Science 
Foundation AI Institute for 
Student-AI Teaming) de-

scribes how  iSAT inclusively 
collaborates across multiple 
teams and institutions to 
develop the AI Partner, an 
intelligent agent that can 
understand and facilitate 
collaborations within the 
classroom. While the devel-
opment of the AI Partner is 
ongoing, the iSAT team envi-
sions AI serving as a collab-
orative partner in classroom 
scenarios, encouraging 
students to practice impor-
tant collaborative learning 
skills and reporting useful 
information about students’ 
needs to the teacher.  

Building AI for education 
certainly requires an inter-
disciplinary team of experts 
working together, and we see 
this theme come up again 
in our next article where Dr. 
Janice Gobert (professor at 
Rutgers University and CEO/
co-founder of Apprendis) 
writes about the design and 
development of the Inquiry 
Intelligent Tutoring System 
(Inq-ITS). By drawing on a 
rich background of research 
from the cognitive and learn-
ing sciences, and combining 
that with computational 
methods from the field of 
AI, Dr. Gobert and the Inq-
ITS team developed scalable 

performance assessments 
of science inquiry compe-
tencies. While students are 
conducting virtual science 
experiments in the Inq-ITS 
environment, they are auto-
matically assessed in real-
time on their science prac-
tices and receive on-screen 
support from a pedagogical 
agent when they struggle 
with the lab. Teachers are 
also kept in the loop, receiv-
ing dashboard notifications 
about the students who need 
help, what they need help on, 
and suggestions for how to 
help them.

Also focused on using AI to 
support STEM teaching and 
learning, Dr. Xiaoming Zhai 
(assistant professor at the 
University of Georgia) turns 
to the popular AI chatbot, 
ChatGPT, to test its chops at 
generating assessment items 
that are aligned with nation-

As technology 
evolves, so do 
the ways in 
which we teach 
and learn.

estimated 5G connections will exist worldwide by 2025. 
5G networks offer faster internet speed, lower latency, 
and higher reliability than previous generations. 
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candidate at the Massachu-
setts Institute of Technolo-
gy) takes a look at the ways in 
which developments in gen-
erative AI, like automatic im-
age and text generators, can 
be used to foster motivation 
and interest in learning and 
help learners develop the 
self-confidence they need to 
succeed. In closing this issue 
on AI in education, Leong in-
spires us to see these new AI 
technologies as assets with 
immense potential to make 
a positive impact in many 
facets of our lives.

As we think about how AI 
is being used in education 
now and the possibilities for 
the future, I come back to the 
now ubiquitous blackboard. 
The nineteenth-century es-
sayist described the black-
board as “fashionable,” it 
received widespread praise, 
and no one dared to question 
its utility. Over time, it truly 
became a necessity in class-
rooms. As the blackboard 
evolved to fit the needs of 
teachers and students newly 
armed with markers and 
computers instead of chalk, 
the classroom itself also 
evolved with teachers and 
students alike inventing new 
and creative ways to foster 
learning with the tools and 
technology available, forging 
new ground every day in the 
world of education. 

With AI technologies on 
the rise, sculpting the ways 
in which we communicate, 
learn, and grow with one an-
other, how too will our class-
rooms change? Will AI be an 
occasional convenience or 

a constant necessity, a tool 
that transforms what and 
how we learn? What, and 
who, should we consider as 
we create these tools? There 
is no doubt that AI has been 
and will continue to be use-
ful for education, and I, for 
one, am excited to see AI in-
tegrated into the fabric of 
education, enlivening class-
rooms everywhere and in-
spiring new generations of 
learners to flourish.

References

[1] Use the blackboard. The American 
Educational Monthly: A Magazine of 
Popular Instruction and Literature 3, 2 
(1866), 76. 

[2] Miao, F., Holmes, W., Huang, R., and 
Zhang, H. AI and Education: A guidance 
for policymakers. UNESCO Publishing, 
2021; https://unesdoc.unesco.org/
ark:/48223/pf0000376709 

Acknowledgment

This material is based upon work 
supported by the National Science 
Foundation Graduate Research Fellowship 
Program under Grant No. DGE-1842213. 
Any opinions, findings, and conclusions 
or recommendations expressed in this 
material are those of the author(s) and 
do not necessarily reflect the views of the 
National Science Foundation.

Biography

Amy Adair is a National Science 
Foundation (NSF) Graduate Research 
Fellow and doctoral candidate in the 
Ph.D. in education program at Rutgers 
University. Advised by Dr. Janice Gobert, 
Adair works at the intersection of learning 
sciences and AI in education fields to 
design and develop evidence-based 
tools for STEM teaching, learning, and 
assessment. Prior to graduate school, 
she received a B.S. in mathematics 
from Louisiana State University and 
taught high school math and robotics 
classes in Louisiana. Drawing from her 
former experience as a mathematics 
teacher, her dissertation work focuses on 
automatically assessing and supporting 
the ways in which students develop and 
write about mathematical models in 
virtual science labs within the Inquiry 
Intelligent Tutoring System (Inq-ITS; 
inqits.com).

DOI: 10.1145/3589252  
Copyright held by author.

MILESTONES

AI in the 
Classroom
Artificial intelligence (AI) has transformed the 
way we live and work, and education is no excep-
tion. AI has the potential to personalize and 
revolutionize teaching and learning in the future.

1970s Researchers explore the use of AI 
for natural language processing 

and machine learning. This research leads to the 
development of intelligent tutoring systems that 
can understand natural language and adapt to the 
student’s level of knowledge.

1980s AI is used in education to support 
personalized learning and as-

sessment. Researchers begin to explore the use of 
expert systems for instructional design. 

1990s AI is applied to create intelligent 
learning environments and 

adaptive educational systems. AI is used to create 
personalized learning experiences by adapting to 
the student’s knowledge level and learning style.

2000s Educational data mining and 
learning analytics development 

enables educators to use data-driven decision-
making in their instruction. AI is used to create 
virtual tutors and assistants. 

2010s The advent of MOOCs (massive 
open online courses) and learning 

management systems integrate AI for personalized 
learning experiences and automated grading. 

2020s The COVID-19 pandemic acceler-
ates the adoption of AI in educa-

tion, particularly for remote learning and online as-
sessments. AI-powered chatbots are used to provide 
24/7 support to students. VR and AR technologies 
are explored to enhance learning experiences. 

 —Deepak Mahto
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The global drone market size is expected to grow from $22.5 billion in 
2020 to $42.8 billion by 2025 due to the increasing adoption of drone 
technology in agriculture, construction, and transportation. 


