What's Next for Computing Education

Michael J. Lee

New Jersey Institute of Technology,
Informatics, Assistant Professor

mjlee@niit.edu

o

Computer programming is increasingly being recognized
as an important 21st century skill. In recent years,
computing education related resources have seen huge
growth online. Potential learners have many resources
to choose from, including massive open online courses
(MOOC:s), online tutorials, and educational games. Annual
events such as The Hour of Code, provides curated links
to these different types of online resources, attracting and
encouraging millions of learners all ages to learn more
about programming,

However, with all this interest in computing education,
there is still a lot more we need to learn. As more people
pursue computer programming skills, there are many
challenges, as well as opportunities, to use and develop new
methods for educating the masses. This may include the use
of new technologies and media, both inside and outside of
the formal classroom setting, that extend and complement
the methods used today. As we continue to innovate, we
have the potential to change how we teach both computer
science and other topics in compulsory and discretionary

settings.
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As more people turn to online resources to learn, there
will be an increasing need for systems to understand and
adapt to the needs of their users. Personalization can include
technologies such as customized interfaces, intelligent tutors,
auto-generated curricula, and adaptive curricula. As we learn
about, develop, and improve these technologies, we will have

the opportunity to adapt them for classrooms as well.

One major factor to consider in teaching effectively is
to engage learners. One way to do this is to customize the
learning interface and experience to the user. With the large
amounts of data people generate on the web (e.g., sharing
content on social media; purchasing products; product
reviews; history of web activity such as videos watched),
systems can detect and classify types of users into a general
user model (e.g., personality traits).

Personality traits have shown to be a suitable general user
model as it characterizes a person’s thoughts, feelings, social
adjustments, and behaviors, which subsequently influences

their expectations, self-perceptions, values, attitudes, and
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TASK
AN ADVENTURE GAME

Task: Compile the game code.

Java cope [P 1 copy |7 paste

// Declare and initialize game wvariables
A= - - -
// Besaion 1 wariables

String playerName;

// Session 2 and 3 variables

byte playerChoice = 0f

byte playerPrevicusChoice = 0;

Scanner playerNamelnput = new Scanner (System.in);
10 Scanner playerChoicelnput = new Scanner (System.in);

LoOo~NOUnAhWN =

12 // Session 4 variables
i ] gameScenes = new String[4];
14 String[ ] gameOptions = new String[3];

16 // Session § wvariables

| compiLe ||

During this research study, you will be writing an Interactive text-based adventure game. Writing this game as a computer
program using the Java programming language will give you the opportunity to apply some of the most important computer HE TUTOR HAS LO D ON
programming ideas. To get started, you will play a computer game similar to the one you will create this semester.

The code window displays a completed version of the computer game code. Before a computer can "do” what the code says and
let a human play the game, you must complle it. Compiling translates the human-readable code into a machine language.
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Fig. 1 Screenshot of JavaTutor, a natural language dialogue, intelligent tutoring system for novice programmers,

their reactions to others, problems, and stress. We can use
these user models to customize the experience for learners,
making the systems engaging, easier, and more enjoyable

for them to use.

Intelligent Tutors

Intelligent tutoring systems (ITSs) are designed to model
human tutors using artificial intelligence to engage students
in sustained reasoning activity and to interact with the
student based on a deep understanding of the students’

behavior. An ITS can give customized feedback and content

to learners based on their actions or questions navigating
through the subject material (see Figure 1). Moreover, these
systems can detect such behavior such as disengagement
(or frustration) and provide interventions to keep learners
engaged when necessary. Studies show that educational
systems incorporating ITSs lead to positive learning
outcomes for students in diverse topics such as computer
programming, algebra, medicine, law, and reading.

There may never be enough teachers online to teach
the millions of people wanting to learn new subjects such

as programming. ITSs can fill this void by providing
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code

Original Code Clear Code

set /piglet/:scale to 0.6
goto /goop/

grab /goop/

goto /bucket/

drop /goop/

world gidget
T
grabbed [1
EEEE
! labeled true
go0p layer 1
1 || O N
piglet gidget position [3,2]
rotation 0
poEaN =
] transparency 1

ensure /piglet/:rotation = 0
ensure # /goop/s on /bucket/ = 1

Let's help the /piglet/ get back up!
Modify its rotation so that it's back to
normal (check my rotation value or
the goals for an example).

€ Prev

One step One line To end Stop!

Fig. 2 Screenshot of Gidget, where players learn programming by solving debugging puzzles (www.helpgidget.org). The gameprovideslearners

withadditionallevelsformorepracticewhennecessary.

immediate, just-in-time feedback, automatically generate
content for additional practice (see Figure 2), and help when
learners need extra support. Additionally, these types of
systems continue improve over time, as new user data adds
more examples for [ITMs to draw from. Combining these
capabilities with more information (e.g., general user profiles
as mentioned in the previous section, and big data sources)
can improve the accuracy and utility of these systems even
further.

Adaptive Curricula
Finally, structured courses, such as MOOCs and those in

schools, can benefit by adapting content for their students.
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For example, Teach2One is an existing program in the USA
that consists of open-space middle school classroom, where
each students’ daily mathematics performance is measured
against a skills and concept map by an external team of
educators, who then modify the contents of each students’
mathematics schedule for the following day.

Here, the on-site teachers teach collaboratively, supporting
more students than they would individually, facilitating
students’ learning through multimodal instruction at
different working stations. This system helps to ensure that
a student has the necessary knowledge to move on to more
advanced or related content, and to teach the necessary

information in cases where he/she does not have it.



The technologies and techniques described above present
exciting potential to computing education and education in
general. As these technologies become more mature and
widely adopted, we may see a better educated and informed

world.

K-12 teachers will continue to have an important role in
compensatory education. Future teachers will have more
data about their students than ever before.

As the use of computing devices (such as touch tablets)
in the classroom becomes more ubiquitous, ITS or ITS-like
systems will use the continuous stream of student-generated
data about their assignments and exams (and possibly other
measures such as what time of they are most active, which
assignments or exam questions took the longest for them to
complete, etc.) to inform teachers and students immediately
about where the latter is excelling and failing, and give
directed feedback/suggestions about how to address these
issues.

This automated assessment of students’ needs, along
with an adaptive curriculum as described in the Teach2One
example above, can lead to individual, customized learning
even within large groups of students. These adaptive
curricula may help students identify and pursue the subjects
they are more interested in, better preparing the next

generation of people for the 21st century and beyond.
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However, before we can reach the future classroom,
we need to address many of the issues currently facing
computing education (and more generally, STEM
education) to make sure we are providing equal access and
opportunities to everyone.

For example, many countries are now requiring
computing education in their K-12 (primary and secondary
school), but there are currently many issues such as:
teaching credentials (e.g., who are going to be teaching the
computer science courses? How will we train them?), cost
(e.g., how are we going to pay for the space, equipment, and
teachers?), and curricula (e.g., what do we need to teach?).

In addition, we need to think beyond K-12 and
classrooms. How do we attract more minorities and women
into computing and STEM? How can we dispel some of
the negative preconceived notions about computing? How
do we include people who may not have ready access to
computing? How do we teach adults? How do we teach
most effectively online?

Although we do not have answers to many of these
questions yet, there are many educators, researchers,
academics, politicians, and other leaders currently exploring
these issues and how to solve them. With every new
advance and piece of knowledge, we get a little closer to the
ideal of teaching the people of the world (any subject), both
inside and outside the classroom, in new and exciting, data-

driven ways that are both engaging and effective.
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