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1. Introduction of the
Keynote Speaker by the
Host, Dr. Ting-Chia Hsu
From Department of
Technology Application
and Human Resource
Development, National
Taiwan Normal

University
Good morning. Today I would like

to introduce Mr. Jeff Freilich. Last year, we
both worked in the same group—the MIT
(Massachusetts Institute of Technology) App
(application) Inventor group in the Computer
Science & Artificial Intelligence Lab at MIT.
We worked together in the beautiful Stata
Center. However, because of Coronavirus
Disease-2019 (COVID-19), we cannot meet
each other in the United States or Taiwan.
This conference is a good opportunity to

meet and listen to him speak. Jeff is a kind

person and an important colleague who
helps implement MIT App Inventor in adult
education, so I recommended that he be the
speaker at this conference. In his talk, he will
give us some examples of applications that
have been developed by adults using MIT
App Inventor to solve tasks specific to their
job or provide solutions to societal problems
in their communities. The title of his speech is
“Teaching Computational Thinking by Using
MIT App Inventor for Career Mobility” Let us

welcome Jeff.

2. Content of the Keynote:
Teaching Computational
Thinking by Using MIT
App Inventor for Career
Mobility
Thank you very much. I really appreciate

this opportunity to talk to you. As the host,

Dr. Hsu, just stated, I would have very much
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liked to have visited you all in Taiwan.
However, we are all subject to a new reality
and we do the best we can. I would first like
to thank you very much for giving me this
opportunity, but I also want to begin my
presentation by saying a little about myself
and how I got into this area.

I am trained as a mechanical engineer.
I worked in the industry for 25 years before
I went to MIT in 2007 and worked mostly in
corporate relations. I am not an economist
or a labor force expert. However, I hope to
provide a glimpse of what is increasingly
becoming a major threat to the economic
security of a large part of the American
workforce. I can only assume a similar
situation may exist in Taiwan and other
countries in East Asia. I have perhaps a
few citations I could have tested this up no
similarities. However, the views I am going to
state in this presentation really only reflect my
own experience and impressions; they are not
those of MIT and certainly not those of my
department, CSAIL, which is the Computer
Science & Artificial Intelligence Lab, nor the
Short College of Computing, which is the
new college that has been established at MIT
that connects all of the areas of computing
in all fields at MIT. It is quite an exciting
endeavor.

Therefore, I think I will start with a
story. The story is about this picture you see
on the left of a coal miner. The photograph
was taken sometime in the 1970s and in an
area of the United States where coal mining
is a particularly important industry, an area
called Appalachia.

For those of you are familiar with the
map of the continental United States, you can

see a small portion of Appalachia in the inset
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of the figure. This area has a large amount of
underground coal that has been mined for
hundreds of years. Over the last couple of
centuries, coal was of course a major source
of energy and one of the components of
steel; coal mining has thus been an extremely
lucrative industry. However, we also know
that it is a very dirty industry. For this reason,
as you probably know, if there is coal mining
in your country or other areas in Asia and
around the world, it is not a very sustainable
industry. Our reliance on the industry is
really a dependence on energy; it offers
cheap energy production. Yet, we all know,
including those that live in this part of the
country, that coal mining is simply not a
sustainable industry.

Part of the problem has always been
not necessarily the resources involved in
reskilling coal miners, so they can look for
other jobs, but the self-perception of the
miners themselves. Even to my eyes, given
that I grew up at the opposite end of the
country, coal miners have been thought
of as people with dirty faces and who lack
the kind of skills to fully transition to
another type of a job. This may be partly
true, but coal mining is actually a rather
technologically advanced industry simply
because a lot of investment was needed to
make it efficient.

Part of the problem I am referring to
is psychological. Coal miners themselves
believe that they are not really fit to advance to
another part of the industry or participate in
the digital revolution. Part of the problem that
they perceive originates from their living in an
isolated part of the country that has numerous
mountains and is relatively inaccessible by
rapid transit. The area does not have the
necessary infrastructure, or at least it did not
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until the last 10 years or so. They do now
have high-speed Internet in their homes, but
it remains a relatively expensive commodity.
Fortunately, it's becoming less expensive.

But why am I telling you the story of coal
miners? About three years ago, an alumnus of
MIT visited the head of my department, the
Computer Science & Artificial Intelligence
(AI) Lab, and discussed what he was doing.
He happened to mention that his family lived
in a part of Appalachia. He described to the
head of our laboratory all the wonderful things
that are happening in robotics and automation
and how Al is going to be part of everyone’s
future. My colleague from Kentucky, part of
Appalachia, said that it was difficult for people
from that region to get excited about the digital
revolution when they were always viewing it
from the outside rather than being a part of it.

When I heard this story, I was really
saddened because part of what I understood
from the story was that many people living
in that area and who were reliant on the coal
industry for so many years could probably
become part of the new revolution and the
digital transformation we are all experiencing,
but they themselves were having a difficult
time believing they could participate. The
outside world looking in may also believe
that they could not be part of it. People who
lives in this region and who have the luck and
the wherewithal to go and study computer
science or some advanced technology very
frequently move away. They leave the region.
They move to another part of the country or
somewhere else in the world and never return
to that area. That in itself is sad because these
are proud people; they love where they come
from. It is a beautiful area, and I had the
good fortune to work there about two years
ago and see what a beautiful place it is.

2.1 General Trends in the
United States

Let me talk about general trends in the
United States and probably worldwide. I am
going to base this on several assumptions.
Let me start by saying what most of you
probably already know—that the world is
undergoing an accelerating technological
change. It is being driven by the evolution,
cost availability, and pervasiveness of digital
technology. Our children and grandchildren
are already immersed in many of these
technologies; if you do not believe me, try
calling your teenage daughter to the dinner
table by texting her. Almost every major
global corporation has undergone some
kind of digital transformation. It is part of
the strategy of businesses that were once
in danger of irrelevance. These companies
are now reinventing themselves. They
adopt some type of e-commerce or social
media strategy or software-as-a-service
manifestation.

How does digital transformation affect
the workforce in the United States? Well, it
affects it considerably. For starters, we can
look at some of our assumptions based on
data from the World Economic Forum held
at the Brookings Institution. These data are

well known and indicate what the trends are.

2.1.1. Over a Five-Year Period,
35% of the Skills Needed
for Jobs Changed

Although it sounds like a large
generalization, and I am not in the position
to give details, I think that there is no doubt
that approximately one-third of the skills
needed for many jobs in the United States
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have changed, even in the last couple of
years. If you look at the job listings at any
web recruitment service and what skills are
needed today, the skills just did not exist
over five years ago. Let me give you some
easy examples: machine learning scientists,
digital forensic specialists, social media
strategists, full-stack developers, people who
repair Tesla cars, and synthetic biologists.
These jobs did not exist. Because now we
can enumerate these labor skills quite well, it
may be easy to make the claim that many of
these skills could even overlap.

2.1.2. Most Learn-to-Code
Initiatives Are Focused on

Individuals Younger Than
2b Years

Another assumption comes with the
advancement of learn-to-code programs.
Learn-to-code initiatives focus on people
under the age of 25 years old. A lot of you
who are involved in education are mostly
focused on children or teenagers and adults
in high school or college. It is difficult to
believe that learn-to-code programs could
be easily adapted to adults in the workforce.
Even the US Department of Education and
National Science Foundation focus mostly
on the development of teaching materials for
students and teachers to meet the growing
need in US schools.

2.1.3. Midcareer Reskilling
Programs Are Selective
Rather Than Inclusive

It makes a lot of sense that most learn-to-
code curricula are aimed at young adults with
only a small minority aimed at adults in the
workforce. There are prominent exceptions,
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but the ones that do exist are usually internal to
a particular organization, promote a particular
technology platform, or are provided to those
who are looking to change careers; they are not
necessarily employed right now. The common
denominator of these midcareer reskilling
programs is that they are meant to be selective
rather than inclusive. Selective can mean many
different things.

2.1.4. Federal Retraining Pro-
grams Train 56% Fewer
People Than They Did in
2011

One anecdotal data point that I have
heard and that is really important is that in
the last 5 years or even 10 years or so, more
than 400,000 soldiers have returned to the
United States from Iraq and Afghanistan
after fighting in wars for the preceding 5
or 10 years. Many of them received money
from the US government to look for
retraining opportunities. Many were given
money to go and apply to a commercial
organization, attend a boot camp, or
undergo training or skill development in a
workforce organization. Programs were even
provided by the military—by what is called
the Veterans Administration. Many ex-
soldiers took advantage of these programs
to go and learn how to program in C++,
Python, or Java or learn web coding, CSS, or
even software testing.

The sad statistics are that 80% to 90%
of them never went beyond the first year.
They dropped out of the program, and it
is easy to understand why. First, you have
these veterans, these people that have been
trained in one particular social environment

for tasks that are extremely stressful and



Teaching Computational Thinking by Using MIT App Inventor for Career Mobility 19

very specific to their domain of expertise.
All of a sudden, they come back and begin
learning a new language. Some never even
finished high school but may have learned
mathematics or some areas of science.
However, in a brand-new world where they
are being promised jobs, they are not able
to finish these programs. Thus, I would say
the programs are probably failures. These
programs that were aimed specifically at
veterans have not been very successful.
Major changes are occurring at the
moment, with the leadership in companies
such as Google and Microsoft implementing
programs that specifically target veterans.
However, we have yet to see how successful
the programs are in getting them jobs.
Returning to programs for nonveterans and
for simply adults, these programs are for
those looking to change jobs. They cannot
guarantee a good job. What is a good job?
A higher-paying job. Part of the problem
is that these programs are subject to many
challenges, such as internal auditing. There
are few reliable data that show how well
these programs work, mostly because of
inconsistencies in the ways that the data are
collected or audited or did the programs
actually go to found. The programs go
bankrupt before enough data have been
collected. Thus, fewer and fewer workers
have been served by this kind of retraining

over the past decade.

2.1.b. Discrimination in Tech-
nology Firms Against
Workers Aged 40 Years
and Older

Articles have been published showing
that other economic forces also work against

middle-skilled adults in the workforce. What
does middle-skilled mean? It refers to a lack
of a college education. College education
generally involves four years at university. We
do have community colleges in the United
States, which typically require two years to
obtain a degree. However, those who do not
have a degree from either type of institution
comprise approximately 45% of the United
States workforce. That is a lot of people. There
is another factor to consider when discussing
those who are suitable for this training:
even if they retrain and acquire a new skill
such as using Python or web development,
when they apply to technology firms, they
face considerable age discrimination. Such
discrimination is illegal, but it happens
nonetheless.

The Bureau of Labor Statistics in the
United States has collected data on this; the
median age of middle-skilled workers in
the United States is 41 or 42 years, whereas
that of middle-skilled and low-skilled
workers is again between 40 and 50 years. By
contrast, at Google and Facebook and some
of these other big companies, the median
age of workers is 30 years. This is a crucial
statistic because it emphasizes a large gap
that reflects the absence of middle-skilled
workers in this field.

2.1.6. Strong Relationship
Between Educational
Attainment and Wage
Level;, Most Low-Wage
Workers Transition to
Other Low-Wage Jobs

There are numerous reasons for why
most Google and Facebook employees are
young, but none of these reasons make



20 HE RN R

sense to me. It might be appropriate to talk
to a labor economist. However, you must
understand that there is a strong relationship
between educational attainment and wage
level. Most current research (Escobal,
Seyal, & Meaney, 2019; Guo, 2017; World
Economic Forum, 2016) has revealed that
once a person is in a low-wage job, they only
really have the opportunity to transition to
another low-wage job.

Some of these workers have the
opportunity for reskilling (Figure 1), and a
great deal of reskilling occurs among current
employees in the United States. Figure 1
shows that many companies are looking to
reskill some of their employees, specifically
in digital testing. However, opportunities to
transition into those jobs are rare. These are
some of the aspects I would like to explore
and perhaps even offer a strategy that uses
computational thinking and App Inventor.

A white paper was published by MIT
Professor Paul Osterman in 2019. He
discussed the persistence of low-wage jobs

Invest in reskilling current employees (5§

Support mobility and job rotation KiebZ

Collaborate, educational institutions P/

Target female talent P&RZ

Attract foreign talent P

Offer apprenticeships P2

Collaborate, other companies across industries JEN
Colaborate, other companies in industry EFPAZS
Target minorities’ talent |4

Hire more short-term workers [
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in the labor market, but bear in mind
that I am discussing the situation before
COVID-19. We obviously now live in an
entirely different world, and we must take
that into consideration. Technological
change and trends all add to the fact that the
environment is currently very discouraging.

The demographic trend of population
aging shows that a favorable environment
could exist. More people are asking for
retraining, and this could be well received
by employers. You would expect that before
COVID-19, the growth of digital industries
created space for rising talent and that
people with the corresponding skills were
thus needed. If you examined any job
listings before the latest downward trend,
you would find that it was very difficult to
fill some jobs; thus, in general, you would
think there could be a way to retrain some
workers to fill those vacancies.

Let us consider a coding bootcamp as
an example. It remains relatively difficult
for a middle-skilled adult worker to leave

Figure 1. Future workforce strategies in the industry overall

Source: World Economic Forum (2016)

Note: Names of strategies have been abbreviated to ensure legibility.
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their job and attend a four-year university. It
is unlikely, but possible. It is perhaps more
likely that the person would go to a two-year
community college, take some courses, and
acquire some sort of degree; they could still
be relatively successful. There is considerable
investment going into community colleges
in the United States. I believe there are
approximately 21,000 community colleges in
the country. They offer good opportunities for
adults to undertake retraining. The problem
is that the opportunity remains unaffordable
and inaccessible by the vast majority of adult
workers in the United States.

Another retraining opportunity might
be a coding bootcamp, which I have already
mentioned. Full-time coding bootcamps
last anywhere from 6 to 40 weeks, with an
average of probably 12 weeks. The prices
of these coding bootcamps in the United
States range from $10,000 to $24,000. Some
bootcamps guarantee a developer job to the
participant, and if the participant does not
get one of these jobs, they do not have to pay
anything except their initial deposit. That
is taking a big risk, even for the company
offering the training. However, it is not an
easy thing to follow up.

Let us consider the cost. Suppose an
unemployed middle-skilled worker pays for
a bachelor’s program in computer science.
The average cost is approximately $42,000 a
year in the United States; the average cost for
four years is about $170,000. The high cost of
higher education in the United States is well
known. It is virtually impossible for someone
from a low-paying job to take the time off
and pay for college without a scholarship; this
presents another barrier. The average yearly
cost of a two-year computer science program
at a community college is approximately

$20,000—far more affordable but still out of
range for some. That is $41,000 for those two
years.

By contrast, coding schools, code
bootcamps, and similar programs in the United
States promise 12-week placement rates of
97% or 98% within months of graduation;
that does not in fact happen. Most coding
bootcamps have been shown to be dismal
failures when it comes to skilling people who
have no backup. They do not already have
some college education; instead, they have
some technical ability acquired elsewhere.

For middle-skill workers coming from
a clerical or lower-skilled health care job, it is
difficult to conceive that that person would
find a job within months of graduation unless
they were especially talented. There are
certainly many exceptions, but the general
trend is that these people are not going to
find a job without spending an enormous
amount of time waiting and having the ability
to go and look for one. This is changing
and attracting more scrutiny, but it remains
difficult to rely on coding bootcamps to
solve the problem in the United States. There
have been examples and some audits of this
situation, but it is a new phenomenon. I
thus make the blanket statement that coding
bootcamps are not the solution.

I previously mentioned the workforce,
and I want to show you what the workforce
looks like in the United States because you
may identify crucial differences in comparison
with Taiwan. Another place where this issue
was discussed was during the last US presidential
campaign. We are talking about the middle
class in the United States. I imagine that
Taiwan also has a burgeoning middle class

that is facing many of the same challenges.



22 E ER BRI

Figure 2 presents three graphs from a working
paper by MIT professor David Autor, who has
an accessible white paper. We have at MIT a
program called Work of the Future, and he has
published under this program (paper available
at the MIT website).

What is interesting is how the middle
class is defined and how many of people in
this class are middle-skilled workers in the
United States. If we were to look over the last
four decades and examine the percent change
in the employment rate of these working-
age adults, we would find that we could
categorize, according to Professor Autor, the
types of employment into nine orthogonal
job categories starting from low-skilled
occupations. Health and personal services jobs
are located toward the lower end, as are jobs
in cleaning and protection services, machine
operation, and manufacturing. At the high
end would be technicians, professionals, and
managers—largely those who have a four-year
degree. The group in the middle is the one that
is declining—the operators, laborers, machine
workers, truck drivers, production supervisors,
clerical workers, office workers, administrative

workers, and salespeople.
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Why is this group declining? There are
many explanations for why manufacturing
is declining in the United States and the
country is moving toward being a service-
based economy, resulting in the decline and
below-the-line brown bars in Figure 2. The
middle graph in Figure 2 shows a map of
those categories on the skill level and shows
the growth in skills and number of available
jobs. The share of employment among
working-age adults reveals a focus on high-
skilled jobs. Slight growth in lower-skilled
jobs is observed of course, but the share of
middle-skilled jobs is declining.

In the graph on the right-hand side of
Figure 2, Professor Autor shows the difference
between those who did and did not attend
college. For even those with a college background,
there are increasingly fewer jobs available in
the middle-skilled category. This graph is a
fascinating display of what is happening in the
United States. The distribution is becoming
barbell-shaped. In a barbell, the weight is
located at each end. The problem with this is
that the middle is thinning out. People who
have a well-paying job that’s mobile and who
have the skills to continue to participate in

Panel A. Non-college Panel B. College
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Figure 2. “Barbell”-shaped workforce in the United States

Source: Autor (2019).
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the economy are still in a relatively favorable
position. The people on the lower-skilled side
are absorbing much from the middle-skilled
side. Those who cannot necessarily obtain
high-skilled jobs are the ones who are stuck.
These difficulties have been particularly
prominent in recent decades. Manufacturing
in the United States used to be a pathway
(Figure 3); when a person finished high
school, they joined the family business or
a local manufacturing company. Most of
these jobs have moved to another area or to
outside of the United States; the decline of
manufacturing is very clear, and the sad part

is that wages have declined as well.

Industry 4.0 was first discussed by
the founder and executive chairman of
the World Economic Forum. It is ongoing
automation of traditional manufacturing
and industrial practices but now using
modern smart technology. Large-scale
machine communication is automatic,
factories’ machines now talk to one another
in automated ways, and robotics and
the Internet of Things are employed for
machine-machine communication with
much less intervention required from
human beings.

These advances have increased the use
of automation and improved communication
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Figure 3. Manufacturing in the United States is no longer an employment pathway

Source: this session.
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and self-monitoring. Smart machines can
analyze and diagnose issues without the need
for a middle-skilled employee. The aspects
of Industry 4.0—mobile devices, Internet
of Things platforms, location detection
technologies, advanced human-machine
interfaces, authentication, fraud detection,
3D printing, smart sensors, big analytics
multilevel customer interaction and customer
profiling through the web, augmented reality,
and wearable devices—have created demand
for computer system training and computer-
assisted resources. Most importantly, in many
of these industries that in finance and in a
web services data visualization and this ability
to get this live training on demand.

We can start to see the future trend of
the industry: some of the people stuck on
the left side of the barbell have been drawn
out of the middle-skilled sector and taken
lower-wage and lower-skilled jobs. The right-
hand side of Figure 4 shows that almost half
of low-wage workers are employed in one
of only 10 occupations; retail salespeople
account for 4.5 million workers according
to US information and records. The other

Fig. 06 Share of respondents taking action to prepare for
advanced work automation

8

Figure 4. Industry 4.0

Source: this session.
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occupations include clerical work, food
preparation—the workforce does need to
be fed—building cleaners and janitors, and
material movers such as truckers. Those in
these occupations should be very proud to
have these occupations; however, they are
stuck in those positions because they are not
afforded the opportunity to look for higher-
paying and higher-skilled jobs.

2.2 New Foundational Skills

I want to begin a discussion about the
field of computer science education and
clarify where computer science training
and education are important. First, I want
to return to the subject of bootcamps; I
was probably unfair on them in many ways
because bootcamps do still offer opportunities
to those who have the ability to pay for
them and have a high school education in
mathematics and science. Some graduates of
bootcamps are successful in finding a job.

A survey was conducted by a popular
website on the performance of bootcamps
from course reports (Figure 5). The website’s
most recent job placement report from 2019

FIGURE 2
Almost half of all low-wage workers are in just 10 occupations
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Source: Brookings analysis of American Community Survey data (2012-2016)
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reveals the most common post-bootcamp job
titles. Software engineer was clearly the most
common, followed by front-end developer,
junior web developer, quality assurance
engineer, tester, teaching assistant, and user
interface designer. I am actually surprised that
the percentage for user interface designers was
so small; I would expect it to be much higher.
Those going into user interface design may
come from the graphic arts industry and not
from a bootcamp. The percentage for mobile
developers was also small, probably because
there are enough tools on offer that enable
people not necessarily from a development
or computer science background to get those
jobs. Later, I can hopefully make the case
as wide as possible. The occupation of data
engineer did not exist five years ago, so we can
only see the beginning of growth there. These
data show that bootcamps have a purpose, just
not for lower-skilled and middle-skilled jobs.
A group of chief executive and information
officers of major Fortune 500 companies created
a forum called the Business Higher Education
Forum. The forum contracted with a company

in Boston called Burning Glass Technologies.
Burning Glass is excellent at collecting data
from job listings countrywide and even
worldwide. The forum commissioned from
them a report on the new foundational skills of
the so-called digital economy (Figure 6).

If we want to know what is important to
teach, the best thing to uncover is what jobs are
going to involve. We do not have a crystal ball,
but people who have worked at a university
for a long time have a reasonably good idea
and design their curricula accordingly. Here
in the United States, however, universities are
not necessarily in a position to teach according
to the jobs currently available. They have
attempted to do so, and in some cases have
been successful; in particular, I am proud of
MIT. We do have the mechanisms to obtain
that type of feedback. Nonetheless, there is
a lack of information on what is going on in
the industry, who is being recruited for the
industry, and what current curricula can really
offer to students for them to be able to respond
to the job economy quick enough.

Software Engineer
Front-End Developer
Junior Web Developer
Associate/ Junior Software Engineer
QA Engineer

Teaching Assistant
UX/UI Designer
Product Manager
Mobile Developer
Data Engineer

Senior Web Developer
Other

35%
13%
1%
8%
2%
2%
2%

1%
1%
1%
1%
23%

Figure 5. Most popular post-bootcamp job titles

Source: this session.
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New Foundational Skills

BHEF & Burning Glass Technologies looked at 56 million resumes and
150 million unique job postings in the U.S. in 2017

= 14 Foundational Skills: Human Skills, Digital Building Block
Skills, Business Enabler Skills

Skills not confined to the digital economy or technical professions.

Skills = earn significantly more and increase in value through career

=

=

o Business
e

)

Figure 6. New Foundational Skills
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Demand for the New Foundational Skills
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Digital Design

Communication
Critical thinking
Collaboration

Analytical Skills

Creativity
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Analysis Job Families
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Computer Programming [ 571,728
1320678
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Project Management 2,354,230 ~ J 8
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Communicating Data | 147,219 ~ S
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[ DAL T O 8%
[ 3.666.249 » 31% O %
[l 3480175 ~” 4% O 2%
2395145 2% O 7%
1217062 » 8% O 8%

Source: Business Higher Education Forum & Burning Glass Technologies (2018).

I would say that for a university offering
four-year courses, this lack of information
is less of a problem, but for bootcamps and
even community colleges, offering a two-year
qualification in the United States is difficult.
Therefore, to produce the commissioned
report, Burning Glass Technologies examined
the new foundational skills and looked at 56
million resumes and approximately 150 million
unique job postings in the United States. This
was performed over the course of one year
approximately three years ago. They were
able to divide all of the jobs they found into
three broad categories, none of which should
come as a surprise: digital building blocks,
business enablers, and human skills, which
should be taught everywhere. Regarding digital
building blocks, the sixth most important area
was data management. Software development
and computer programming probably had
some overlap, but software development
generally concerns the development side
and understanding the process of software

development, whereas computer programming
concerns the context and the ability to
understand the language in which software is
written. Analyzing data was the fourth area,
and the last, which will likely not be last for
long, was digital security and privacy. This area
will probably be larger in the next report.

The business enablers’ category, which is
not my area of expertise but an unsurprising
inclusion, comprises business processes,
project management, digital design, and data
communication. These areas are particularly
important for businesses, as are human
skills, which include communication, critical
thinking, collaboration analytical skills, and
creativity. It is unclear why an American with
lower-skilled or middle-skilled abilities could
not acquire these skills through training.
Of course they could. In fact, many of those
skills should be available to them in lots of
those jobs. Considering the 400,000 veterans
returning from wars and who we expect to

get a job or undergo training, I cannot see any



Teaching Computational Thinking by Using MIT App Inventor for Career Mobility 27

reason why business-enabling and human-
skills training could not be offered to them or
why they would not excel in those particular
jobs or acquire those job skills through
training. There is no excuse for this situation.
The scenario may be different for digital
building block skills. This is addressed next.

2.3 Computational Thinking

I am a big fan of computational thinking,
as probably many readers are also. I am
not a professor and have to be careful with
whoever I represent, but I will state that
computational thinking is suitable not just
for computer science students and computer
scientists. Computational thinking is a broad
and structured way of looking at problems. I
am not looking for an argument about what
constitutes computational thinking or whether
it is new, needs to be revised, or actually
exists. All I want to say is that if you believe
computational thinking to be important,
you must also believe that it should not be
employed only by those studying computer
science. I think that many governments
and research councils, at least in the United
States, are already understanding this and
have created new initiatives and new funding
mechanisms to ensure that computational
thinking is part of reskilling.

In fact, some universities are adding
compulsory computational thinking courses
to studies in every field, not only computer
science; the National University of Singapore
is, I think, one example. It can also be seen
in other universities and organizations. I
believe the Federal Institute of Technology
in Lausanne, Switzerland, has introduced
a great deal of training in computational
thinking. Microsoft has sponsored the Center

for Computational Thinking. Additionally,
Google has many websites dedicated to
computational thinking; although most are
focused on the younger generation, more and
more are focusing on adults as well, so changes
are occurring. However, I do want to at least
assert that low- and middle-skilled working
adults do not employ enough computational
thinking, and they would absolutely benefit
from learning it. This is the focus of the next
part of the text, and I want to make sure that if
you take away anything, it is that.

My current job at MIT is program
manager of a massive and exciting Al
education program, the details of which can
be found at aieducation.mit.edu. Our goal is
to design, teach with, and evaluate methods
and materials for inclusive Al literacy and
learning. The learning is inclusive because
the project I am currently involved in deals
with teaching AI to middle schoolers. The
research program is part of a broad program
under the leadership of the MIT Media Lab,
Principal Investigator Cynthia Breazeal,
College Professor Hal Abelson, Eric Klopfer,
Sanjay Sarma, and several others here at
MIT. They are joining forces to put MIT in
a strong position and to create curricula,
learning units, and teaching materials. Many
of the tools will be used to bring AI to early
education, middle school education, high
school classrooms, universities, and beyond.

Because AI education is receiving
considerable attention, we are focused on
being able to offer inclusive Al education. The
school that I am working with in my project
is in Dubai in the United Arab Emirates; it
is a unique private independent school that
follows the UK curriculum and that admits
children with atypical neurodevelopment
and those with special needs. We want to give
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these children the opportunity to receive Al
education as well as some of our curriculum.
We are very excited because although we know
it is a challenge, it is one we think is extremely
important. We will take what we learn from
testing this education program at the school in
Dubai and some middle schools in the United
States and offer it to schools worldwide. We
are very excited; please do follow our activities
on the website (http://aieducation.mit.edu)
because we will soon launch some of our
programs and the curriculum free of charge;
we want people to use them and benefit, and
we hope they are useful.

We are also focusing on Al bias, and Al
ethics because we know that this is a crucial
area. I hope that those who are interested
in learning about teaching AI in their
classrooms also understand how they can
talk to students about not only bias, machine
learning models, and classification algorithms
but also the ethics of where it is acceptable
to use Al, even when it creates challenges
and political risks worldwide. It is incredibly
exciting but also incredibly scary. Even now,
we must think about what is happening with
COVID-19 and our surveillance technology.
Contact tracing, which is probably important
in your own country, is an extremely critical
tool. However, if we are going to rely on Al
we must understand that this opens the door
to abuse and privacy concerns, and these
issues are going to be part of our curriculum.

Why do I mention teaching AI? Part
of the curriculum we are designing is for
middle schools; children have to learn
computational thinking at this age first.
We found that the school in Dubai did not
have computational thinking as part of its
curriculum. Although the school follows the
UK curriculum, which does contain modules

on computational thinking, it has not been
properly included in the curriculum for
several reasons. This is probably a deficiency
in many schools worldwide. I hope that you
assess the degree of computational thinking
education when evaluating your own
programs in schools. We know that if we are
ever going to teach Al, we must make sure
that there is a sound basis on which to teach
computational thinking.

We are putting these aspects into the
program developed jointly by MIT, the
Education University of Hong Kong, and the
City University of Hong Kong with funding
from the Hong Kong Jockey Club. MIT has
for a number of years now been developing a
rigorous curriculum for teaching computational
thinking to middle school students and even
those slightly younger by using tools such as
Scratch, a programming language that was
developed at MIT. The MIT App Inventor that
I will discuss was also developed at MIT. We
are creating the curriculum in both Chinese
and English, and it is publicly available. We
are adapting it and compressing three years of
computational thinking, teaching, and learning
modules as well as our objectives into a one-
year curriculum.

Currently, we are teaching fifth and sixth
graders at the school in Dubai. Compressing
an entire computational thinking curriculum
usually lasting three years into one year is a
challenge that we do not even know yet that
we can accomplish. We are hoping to publish
results on this challenge and inform you
how well it has worked or which parts have
worked. The members of our team who are
involved in developing the curriculum are at
least receiving considerable guidance, which
we are excited about. We are also starting to

introduce our Al curriculum without losing
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any time. The point I want to make is that
computational thinking is a prerequisite for
learning about AI, and if it is taught at the
middle school level, it should also be taught
to middle-skilled workers. If we are going
to teach anybody about AI, we must ensure
these workers understand computational
thinking first.

I like to imagine an occupation as a
stack (Figure 7). I was a software developer
early in my career, but I can no longer
compete in any of the areas you can see
in Figure 7 because the technology is very
new and always evolving. I like to consider
the full-stack developer because when you
examine the job requirements for full-stack
developers in the real world, you find that
they must have skills in each of the parts
shown in Figure 7, creating a product from
early conceptualization all the way to the
market and beyond. These developers are
obviously the highest paid software and web
developers right now and have all those
skills. Many of them do not necessarily have
many of the skills on the slide.
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However, bootcamps cherry pick
subjects; if you say you are interested in back-
end development, they will teach you Python
or original JavaScript, whereas if you want to
go into DevOps, they might teach you about
the Amazon Cloud. If you want to learn
mobile app development, there is a whole
branch of Industry mobile app developers.
Are you going to be an iOS developer, an
Android developer, or both? I am not even
sure if there is a market for both. These are
very unique skills that are going to become
absolutely very quickly. Anybody who invests
their money in going to a coding bootcamp
to acquire one of these skills should find a job
relatively quickly because otherwise they may
be too late.

I imagine the stack presented in Figure
7 because we can return to fundamental
skills that were discussed earlier: business
enablers and human skills. If you are
trained in any of the digital building block
skills displayed in Figure 6—managing
data, software development, computer
programming, analyzing data, and digital
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Design
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sQL
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Back-End Mobile App ]
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MySQL l
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Hginx
Ansible
Lambda

sas
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Figure 7. Computational thinking as a stack layer

Source: this session.



30 HE RN R

security and privacy—but do not have
computational thinking, I do not think you
can be considered a full-stack digital worker.
Therefore, as part of a retraining strategy for
lower-skilled and middle-skilled employees,
we should ensure they have computational
thinking ability before they go and learn
any of the other relevant skills. I do not
know how computational thinking would
affect the business-enabling or human-
skills aspects, but I would guess that parts
of computational thinking could also be
applied to those.

2.4 MIT App Inventor

Finally, I wish to discuss MIT App
Inventor. I asked one of my colleagues to
obtain some data on the nationalities of the
App Inventor’s users over an entire year. The
number one country for activity on App
Inventor using Android is India, accounting
for slightly less than 20% of users. After
India comes Mexico, Indonesia, Brazil,
and Spain. The United States had only
approximately 19,000 users. I would guess
that Taiwan has more users than the United
States; we are grateful to Taiwan for giving
us many App Inventor users.

More excitingly, we analyzed the total
time spent logged on and using the developed
apps over the last year and discovered that
Taiwan was number one; 70% of all users of
App Inventor are from Taiwan, so thank you
again! We thank you very much and are very
excited; this is another reason why I am so
excited to talk with you.

Let us recap what the App Inventor is. It
is a free intuitive block-based programming
environment developed at MIT. It enables

a user to get their first App up and running
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within 30 minutes. When I first learned how
to use it, it took me a little longer than 30
minutes, but I would say most people who
are smarter than me could probably do it
within half an hour. We now have over 10
million users worldwide and more than
50 million Apps in almost 200 countries
worldwide, with the number one country
being Taiwan.

Our teaching tools focus on computational
thinking and action. One reason we want to
use Scratch and App Inventor in our project in
Dubai and for teaching AI to middle schoolers
is that App Inventor is a great tool for teaching
computational thinking through the pedagogy
we have already developed. App Inventor is
used to create mobile apps, so there is a reason
I mention computational action; computational
action is computational thinking applied to
social action. The idea is to have an impact
using computational thinking. Because we are
developing mobile apps using App Inventor, it
makes a great deal of sense that we are trying to
make an impact by using mobile apps.

If you evaluate the pervasiveness of
technology in continental Africa, you would
find that mobile app technologies are far
more pervasive than laptops. Therefore, we
want to remove barriers and make mobile
app creation more accessible. We also want
to go back to these middle school adults
is to allow the workers, these middle-skill
workers and this is where I added my own
little bullet point year to apply their own
donate knowledge to technology. Take what
you already know and I will show you some
examples. Say you know something that is
important and want to get the information
out by creating a mobile app. App Inventor

can help you do that. We pride ourselves on
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our focus on technology creation rather than
technology consumption. Going back to that
coal miner, I was talking to a professor from
Cecil on the early coal mining industry who
told me that these miners were technology
consumers; we want to turn them into
technology creators.

The single most popular category of apps
at the moment is COVID-19-related apps.
Figure 8 shows an example of a COVID-19
app in the development process.

The App is a very simple app used for
information and is available in both Spanish
and English. The user interface that was
developed had many screens and was supposed

to be user friendly, with perhaps a single button.
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I do not consider it to be particularly well
designed, but it is interesting in the sense that
it wants to be user friendly and provide timely
and crucial information to people worried
about COVID-19; it was also made accessible
quickly—users did not have to wait for the
entire development cycle to be completed
before they could obtain it from the App Store.

I looked at some of the code in this app.
Those of you who are familiar App Inventor
will know what code looks like in blocks. Their
code is not a good example of computational
thinking; they could have made better use of
loops, iterations, and obstructions. Someone
who is trying to use the tool is probably

unskilled in computational thinking but at

Watch later

YouTube ©2

Figure 8. Example of a COVID-19 info App

Source: this session.
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least they could get the tool easily. I think
this is a good app and just one example of a
COVID-19 app.

Another app is for use by lower-skilled
workers. Truck drivers, using their domain
knowledge, must ensure that their cargo
and truck are safe, clean, and prepared for
loading. I do not know whether it was a
truck driver who designed the app, but it was
certainly someone who understood trucks
and wanted to develop an app similar to a
clipboard, enabling a person inspecting a
truck to complete a checklist before loading.

The design patterns of this particular
app are not really visible, but I can probably
give you an idea. The app is for a small
trucking firm and is an electronic version
of a clipboard. The more difficult part of
the app may be the file input/output (I/0).
The code has brown control structures and
orange global variables. You can observe the
check boxes and the connection to the user
interface through the green set commands
for a small text box, but what is more
interesting is the use of a data structure list.

Thus, the computational thinking
underlying this app is a little more apparent,
although of course I do not know anything
about the app’s development process, so it
is difficult to know for sure; nonetheless, it
is a nice app and could be easily and well
deployed by the truck company. Specifically, I
think that they are using one of the databases
offered—I do not know if it is cloudy B, or
perhaps a local file database. However, the
app shows that the developer was beginning
to understand objects and persistence. I thus
conclude that this is successful use of App
Inventor to develop and deploy a relatively

simple app.
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Another example, one that involves
hardware. This app is slightly more complicated,
but in line with Industry 4.0, it can be used
to monitor a remote location through the use
of sensors. The app concerns a meat packing
plant, where the user needs to know that the
warehouse temperature is sufficiently cold
because the refrigerator is working and that the
meat will not go bad.

This particular app was developed in
only four blocks, but I cannot say that the four
blocks were necessarily easy because the design
patterns have a complicated data structure.
There is a single web API call, which is relatively
complex, but if I could give them a scaffold to
develop this app, it would be relatively easy for
them, with some instructions, to change the
scaffold to something more applicable to their
situation. App Inventor is different than Scratch
because of the use of tale back, particularly when
you are concerned with parallelism—multiple
events that could happen simultaneously. This
is a computational thinking concept. However,
they have developed the app in only four blocks;
I think this is a good example of using App
Inventor to develop an app that could be used
in many sectors.

This app is slightly more complex and
provides a flight simulator. And in some cases
when I talk about the lower skills, it only
really shows banking. The phone uses the
accelerometer and its position to determine
the orientation of the airplane. The app is not
a complex flight simulator, but as part of its
design pattern, it has variable assignment and
the model view controller aspect of having
a user interface on the phone as a means of
visualization. The model also shows that the
variables are multivariables and displays all of

the physical flight parameters.
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The app performs considerable mathematical
computations, which are displayed in the blue
blocks. These computations, however, are
simple enough that someone who understands
simple flight principles—someone with a pilot
license—would understand. There is nothing
more complex than the mathematics in this
app. For this simple reason, I think it is a great
example of using simple flight dynamics to
create an app that is useful.

I want to present some examples of
apps that I have created. Returning to rural
Appalachia, the coal mining area I mentioned
earlier, people told me that one app that they
would find helpful in their remote area was
related to discarded tires. There seems to
be a problem with these tires: they litter the
countryside and are unsightly, but no one
reports them. The locals thought it would be
great if there was an app that people could use
to report tires whenever they passed by some.
The person would not have to dispose of the
tires, only report them, and the tires would
then be marked somewhere in a database.
Someone could then go later after looking at
the list and clean the area up.

The app thus offers a way for someone
from the coal industry to help sustainability
efforts through computational action in the
remote environment. It is actually a relatively
complex app because although I am not really
a skilled developer in this area, I wanted to
add a bit of AL. App Inventor currently has
the ability to perform image recognition or
image classification using a new mechanism.
I trained this mechanism to recognize junk
tires, junk cars, and trash. Therefore, someone
can take the app and point their phone’s
camera at tires, and the app automatically
recognizes them. It is not that important to
be able to recognize tires because anyone can

easily type in that they found junk tires, but
enabling an unskilled worker to use machine
learning in App Inventor opens up new
opportunities for them.

Who would have thought that a coal
miner learning from a platform such as
App Inventor could begin to use machine
learning in his or her app? This is the current
hope and why we are developing a template
app for them.

I already mentioned ex-veterans, and
I want to give an example of a woman who
was a helicopter pilot in Iraq in the army.
She completed a two-year university course
at a community college and really loved the
idea of using App Inventor. She wanted to
help her fellow veterans returning to the
United States, many of whom were homeless
and had mental health problems. She thus
developed an app for them, and we recently
helped her publish the app. She received
the App of the Month prize. The app gives
veterans the ability to quickly locate their
nearest pharmacy, mental health clinic, or
laundry facilities, among other services.

Behind the hood, which is the name of
this app developed using App Inventor, is
extremely simple. The code is only one block;
this block assembles a Google stream and uses
a web API to take strings from a particular
component when the button on the screen
is pressed. The code takes the text from the
button, inputs it to a web string, and sends it
to Google. That an app comprising only one
block can really help homeless veterans and
those with posttraumatic stress disorder has
incredible implications. The developer was
glad that we recognized her, and I believe
that this is the kind of recognition that people
like the helicopter pilot should receive for
developing meaningful apps.



34 HE RN R

Finally, the last example I want to show
you concerns the many people who are in
prison, who comprise an unfortunately
neglected part of our population. The United
States incarcerates more people than any
other country. We believe that many prisoners
who are about to be released must have the
opportunity to learn how to become part of
Industry 4.0. They are otherwise very likely
to become part of the low-wage, low-skilled
workforce. They can be given the opportunity
to develop apps using App Inventor; one such
example as the DIY Book Club app. Prisoners
were given the opportunity to develop an app
where they can share things and show part of
their domain expertise.

We can teach prisoners computational
thinking skills before they have even been
released or when they are in a halfway house,
giving them exposure to the entrepreneurial
process. There are people who develop apps
and then sell them. We do not necessarily
condone this, but it is really up to the user and
it is great when they can sell their apps. App
Inventor will always be free. We want to give
prisoners the opportunity to acquire digital
skills and become certified, so we think this
aspect of App Inventor is going to be critical.

2.5 Summary

I want to end with a summary of what
I have discussed and hopefully answer a few
questions. As I said, a large portion of the
workforce in the United States is missing
out for various reasons. The portion of the
workforce that is most under threat is of
course the middle-skilled workers, who are
transitioning to lower-skilled employment.
Combined, middle-skilled and lower-
paid workers comprise 45% of the adult
workforce in the United States—almost half.
This is important!
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I also want to state that there is more
to digital transformation than coding jobs.
There are many other jobs, as I have hinted at.
Somebody knowledgeable about accounting
could do an internship, learn to use App
Inventor, and go into a small store and create
an inventory management app for the store.
This would enable the person to become
a coder as they begin a job without even
needing to learn about software development.

New fundamental skills in the workplace
are multifaceted and will always be in
demand. Without the critical unifying layer
of computational thinking, however, I believe
it is not really worthwhile to even think about
education.

There remains a large barrier to
transforming jobs because many low-skilled
and middle-skilled workers are unable to
imagine what their traditional jobs could
become. I have presented several examples
of what kind of apps can now be developed
using App Inventor by people who have not
necessarily received training.

I think the best tools will make it easier
for workers to apply their domain expertise. We
believe that although MIT App Inventor is one
of a variety of tools in the in the marketplace, it
stands out because it is pervasive and free; MIT
is very proud of it and will continue developing
it. Taiwan is the world leader in creating apps
with MIT App Inventor. We believe that it can
be one of a set of truly useful tools. Thank you
very much for your time and your attention. I

can now take some questions.

3. Q&A

We thank Mr. Jeff Freilich very much.
He has shown us the possible assistance for

workers wanting to learn to create an app,
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particularly workers without a college degree.
In addition, he has introduced AI development
within MIT App Inventor for young students.
His demonstration shows us that city as a state
there for digital workers. The free and intuitive
programming environment of MIT App
Inventor is helpful not only for students but also
for adults who want to acquire computational
thinking skills and become more prepared for
digital transformation of their jobs, starting
now or in the coming decades.

Q1

What does post-bootcamp mean? Is a
bootcamp a training event in business like a
workshop in academia? Thank you so much.

AT

I can probably adjust my definition of
post-bootcamp. A bootcamp is perhaps more
popular in the United States. It is usually
a commercial organization that charges a
fee to train people how to program, often
using popular languages such as Python.
They may train them in HTML, CSS for
web development, or agile technologies. A
bootcamp does not instruct in many of the
skills, mentioned in Figure 7, that a full-
stack developer requires. Post-bootcamp
means that the person has graduated from
one of these bootcamps. The problem I
meant to state was that for businesses, there
is no real record or proof that bootcamps
actually improve the likelihood of getting
a job for low-skilled and middle-skilled
workers.

Q2

I am a doctoral student at National Tsing

Hua University. I come from Indonesia. For

Indonesia’s latest curriculum, the Minister
of Education has launched computational
thinking in schools, but so far it is only
mandatory from the junior high school
level. Perhaps you have experience teaching
computational thinking to children in
elementary schools. What is the level of
computational thinking competency that must
be taught at each level of education in K12
schools, and what is the best computational
thinking learning strategy based on your

experience? Thank you very much.

A2

So the government has launched
computational thinking in schools, but it is
only mandatory from junior high school. I
recognize that this is late. This is also one of
the things we see in Dubai. We now have fifth
and sixth graders who should be able to learn
at least some rudimentary Al, but because
they do not possess computational thinking
skills, we cannot begin teaching them AL We
are already going to miss a year of education
for this reason. You talk about teaching
computational thinking in elementary
schools; I have to plead ignorance. I am not
an expert in teaching computational thinking
in elementary schools or even necessarily
for teaching adults. I can only discuss my
observations made in the field. However,
regarding the level of computational thinking
competency, I can recommend that you
investigate CoolThink. CoolThink is based in
Hong Kong (http://coolthink.hk), and their
website will show a lot of what they do. Much
of the curriculum is already online. You can
contact my team at App Inventor; contact
Karen Lang, who is the chief of our education
team. The CoolThink curriculum goes, I
believe, from the fourth to the sixth grade—
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at least at the fourth and fifth grade level.
Hopefully that should help you because it is
extremely rigorous and was well evaluated by
the Stanford Research Institute, at least over

the last couple of years.

Q3

You have developed an AI curriculum
for middle schools. Do you suggest that this
is the educational level at which to introduce
Al to achieve the optimal effects? How about

computational thinking?

A3

Yes, we are developing an Al curriculum
for middle schoolers; you can find it on our
website (aieducation.mit.edu). If you look at
the learning module part, you will see at least
a few of the AI modules we now have; there
are not many—maybe five or six are finished.
Many more are under development and even
at an advanced stage. I am unsure whether
we have a mailing list yet, but do track our
website because more of them will appear
over the next year. What I asserted in my
presentation is that computational thinking
should be taught prior to AIL. CoolThink is
definitely an option. We have at least one
Al module for which prior exposure to
computational thinking is not required. In
fact, I should probably restate that there are
several modules we will have that will not
require computational thinking before the
teaching of AI, and outside of MIT a lot is
already available. As a student progresses,
computational thinking becomes more and
more important. We know that by the middle
school level it is extremely important, so

teaching students before they enter middle
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school is probably alright. Once again, in
middle school, students should have a good
understanding of computational thinking

before you begin to teach Al

Q4

Hi! I am master’s student from Tamkang
University; I have two questions: (1) MIT
App Inventor is an easy tool for coding, but
when there are many blocks, it is difficult to
debug a problem; is there any way to solve
this issue? (2) App Inventor emulators often
lag, irrespective of the system configuration,
and its resolution settings differ from the
actual mobile phone resolutions. Is there a
plan to launch a next-generation emulator
embedded with the features of Al blocks?

Ad

Thank you for asking that question
because I can say that as an App Inventor
developer, I have had this problem myself.
Yes, when you have many blocks, like in
some of the examples I showed, debugging
is not easy. The development team, which is
still a small team, recognizes this, and we are
trying very hard as we continue to develop
App Inventor to provide more debugging
tools. However, you also have to remember
that the paradigm in App Inventor is first of
all separated because you first see it on your
mobile app. Although we have a parallel
connection for when you and a companion
are developing an app simultaneously, it
is not always easy to see where changes in
the blocks result in changes on the mobile
device. We are expecting, hopefully soon, to
improve the debugging capabilities of App
Inventor.
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I, myself, have been involved in trying
to build training materials for that, but I
appreciate the question and I do hope that
we can help you. Let us know and definitely
talk about this in the community forum
at community.appinventor.mit.edu. The
second part of your question concerns the
emulators. I would not be the right person
to answer this question, but please pose it to
the development team. However, I can tell
you that the emulator we use is the emulator
developed by Google—by the Android
community. We have not actually developed
an emulator, but we do know that there’s
a good reason for doing so because as we
have AI we know it, we want to have that
friend since you can't really capture sounds
or images with the emulator. So yes, we
recognize that the emulator is an important
part. Please mention that on the community
forum because I am sure it will be noticed. I
appreciate the question.

4. Conclusion by the Host

We thank Jeff again because the time is
up. Our time control is perfect. It has been
very nice to meet you online this time. Okay,

we will now say goodbye to each other.
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