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afternoon clubs. These clubs, in turn, 
attracted only the usual suspects, that 
is, self-selected kids (mostly male) in-
structed by self-selected teachers (also 
mostly male). To make computing 
more relevant to schools it was crucial 
to focus less on tools supporting pro-
gramming per se but to create tools to 
forge explicative ideas through comput-
ing, or as Papert started to call it, com-
putational thinking.6 

I developed computational thinking 
tools to allow students to get past the 
cognitive and affective challenges7 at 
the University of Colorado. Computa-
tional thinking tools have the ultimate 
goal to transform people’s perception 
of programming from “hard and bor-

K
–12 COMPUTER S CI EN CE  Edu-
cation (CSed) is an interna-
tional challenge with differ-
ent countries engaging in 
diverse strategies to reach 

systemic impact by broadening partici-
pation among students, teachers and 
the general population. For instance, 
the CS4All9 initiative in the U.S. and the 
Computing at School4 movement in 
the U.K. have scaled up CSed remark-
ably. While large successes with these 
kinds of initiatives have resulted in sig-
nificant impact, it remains unclear how 
early impact3 becomes truly systemic. 
The main challenge preventing K–12 
CSed to advance from teachers who are 
technology enthusiasts to pragmatists 
is perhaps best characterized by Cross-
ing the Chasm,5 a notion anchored in 
the diffusion of innovation literature. 
This chasm appears to exist for CSed. 
It suggests it is difficult to move beyond 
early adopters (Figure 1, red and orange 
stages) of a new idea, such as K–12 
CSed, to the early majority (Figure 1, 
green stage). Switzerland, a highly af-
fluent, but in terms of K–12 CSed some-
what conservative country, is radically 
shifting its strategy to cross this chasm 
by introducing mandatory pre-service 
teacher computer science education 
starting at the elementary school level.

Three fundamental CSed stages, 
captured in Figure 1, are character-
ized by permutations of self-selected/
all and students/teachers combina-
tions. It took approximately 20 years 
to transition through these stages. 
Each stage is described here from a 
more general CSed perspective as well 
as my personal perspective.

Stage I: The “Friday Afternoon Com-
puter Club” Stage (Self-Selected Stu-
dents/Self-Selected Teachers): Stage I 
focused mostly on the “right” tools. In 
the 1990s the overall negative percep-
tion of programming by children, best 
described as “hard and boring,”7 sug-
gested cognitive as well as affective chal-
lenges. Being constantly just one semi-
colon away from total disaster with 
traditional programming languages 
such as C or Pascal, is an example of 
syntax being a cognitive challenge. But 
even with the presence of early educa-
tional programming languages, such 
as Logo and BASIC, programming in 
schools was typically marginalized into 
after-school contexts such as Friday 
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Figure 1. Switzerland is crossing the computer science education chasm with mandatory 
pre-service teacher education.    
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ing” to “accessible and exciting.” K–12 
CSed does not have the intent of pro-
ducing a fleet of programmers but on 
producing computational thinkers. 
Students should be enabled by compu-
tational thinking tools to participate 
in activities including programming, 
such as creating STEM simulations 
or games, in the regular K–12 course 
context and not just at the Friday af-
ternoon computer clubs. With Agent-
Sheets we made programming more 
accessible by moving beyond the chal-
lenges of syntax through drag-and-
drop programming.7 With AgentCubes 
we made programming more excitinga 
to kids by providing them with brows-
er-based tools to create 3D shapes, 
which they can 3D print, compose into 
interactive 3D worlds, and share with 
their friends.

Stage II: The “Professional Develop-
ment Movement” Stage (All Students/
Self-Selected Teachers). Once compu-
tational thinking tools sufficiently 
addressed the cognitive and affective 
challenges dimensions of CSed, it 
was time to shift the research focus 
from tools to curricula and teacher 
professional development. Research-
ers started not only to design, and 
conduct teacher professional devel-
opment but also to systematically 
evaluate its efficacy. The teachers at-
tending were mostly self-selected, but 
in many cases the classes they would 
teach were aimed at all students and 
no longer limited to after-school con-
texts. Stage II started to reach a much 
broader audience than Stage I. 

I initiated Scalable Game Design 
as a strategy to teach computational 
thinking through game design and 
STEM simulation creation activities.8 
Scalable Game Design is rooted in a 
didactic model called the Zones of 
Proximal Flow, which helps students 
to design their own games and STEM 
simulations based on the understand-
ing of common computational think-
ing patterns.1 Teacher professional de-
velopment gradually scaled from local 
face-to-face summer institutes at the 
University of Colorado, to online and 
blended professional development, 
reaching schools in all 50 U.S. states. 

a AgentCubes online is a 3D computational think-
ing tool with more than one million student 
projects created in 2017 in over 180 countries.

Private funding supported internation-
al Scalable Game Design sites, for ex-
ample, Scalable Game Design Mexico 
funded by Google.

Stage III: The “Mandatory Pre-Service 
Teacher Education” Stage (All Stu-
dents/All Teachers). Compelling cur-
ricula can spread through networks of 
excited CS teachers surprisingly quick-
ly,2 but how will they cross the CSed 
chasm (Figure 1) and persuade more 
conservative audiences? If society 
truly believes computational think-
ing is an essential 21st-century skill, 
just like mathematical thinking, 
then it will have to shift to transfor-
mative mandatory practices reaching 
all pre-service teachers. 

In 2013, I began leading a pilot project  
in Switzerland to explore systemic im-
pact on K–12 CSed through mandatory 
pre-service teacher education. This 
project engages all pre-service elemen-
tary school teachers at one of Switzer-
land’s largest Schools of Education, PH 
FHNW, in CSed, through two manda-
tory CS courses. Other Swiss Schools of 
Education, e.g., the PHSZ, are offering 
similar mandatory CS courses. The new 
Swiss Lehrplan 21, a national curricu-
lum reaching the 21 German-speaking 
states out of all 26 states in Switzerland, 
enabled this kind of transformational 
practice because it mandates K–12 
CSed. The transformative nature hinges 
on the possibility for students to fail be-
coming an elementary teacher based 
on failing a mandatory CS course. This 
unparalleled kind of causality resulted 
in government intervention. Four years 
of negotiations, where the societal ben-

efits of CS had to be explained to the 
Swiss Conference of Cantonal Ministers 
of Education, finally resulted in the ac-
creditation of mandatory CS courses for 
elementary school teachers. 

Scalable Game Design 
Switzerland Courses
Conceptually, the Scalable Game Design 
Switzerland course is rooted in the Scal-
able Game Design framework developed 
at the University of Colorado8 but it had 
to go through radical transformation to 
deal with the different needs of a non-
self-selected audience. Less than 1% of 
these pre-service teachers had program-
ming experience. The expectations of 
teachers (75% women, 25% men) varied 
widely with many anticipating learning 
how to use Word or PowerPoint. Instead, 
just like the original course, this new 
course focused on computational think-
ing conveyed through game design and 
STEM simulation building. To make the 
course relevant to pre-service teachers, 
Scalable Game Design Switzerland had 
to be carefully aligned with the learn-
ing goals defined as competences in the 
Swiss Lehrplan 21. 

On September 17, 2017, in four states, 
seven instructors began to teach 26 CS 
courses with approximately 25 pre-ser-
vice teachers each. All 600+ pre-service 
teachers must take two courses: Intro-
duction to Computer Science and Com-
puter Science Didactics. This totals four 
credit hours, resulting in over 25,000 
contact hours. The Introduction to Com-
puter Science course, which finished in 
December 2017, was based on three core 
concepts. Each concept is described 
here and includes a brief description of 
our preliminary assessment:

1. Learning and Motivation Strategy: 
Scalable Game Design. The strategy is to 
teach computational thinking through 
a series of computational thinking pat-
terns8 that gradually—hence the no-
tion of scalability—expose students 
to increasingly sophisticated game 
design and STEM simulation build-
ing challenges, following the Zones of 
Proximal Flow strategy.1

The “scalable” aspect of the course 
worked well resulting in all pre-service 
teachers (students of the school of edu-
cation) developing the necessary skills 
to program at least a basic game. Be-
fore the course, the acceptance of game 
design as learning strategy by teachers 
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was one of our biggest concerns. Course 
satisfaction overall was high with many 
even mentioning in their course evalu-
ation that they liked programming 
games. Figure 2 shows sample games 
and simulations produced by teachers 
such as 1980s-era arcade-style 2D games 
(Donkey Kong), puzzle games (Tetris), 
educational simulation games (honey 
bee pollination), 3D indoor games, and 
3D outdoor games. To design these 
games students had to engage in an iter-
ative computational thinking process.7

2. Tools to support computational 
thinkers in schools: Computational 
thinking tools. We used our Agent-
Cubes computational thinking tool 
because it had established accessi-
bility even with younger kids, inde-
pendent of gender and race,8 and it 
enabled kids to create interesting ar-
tifacts such as 3D games and STEM 
simulations. To cover the wide range 
of needs in elementary schools, we 
also included CS Unplugged activities, 
for classrooms lacking computers, and 
Processing, as brief exposure to more 
traditional textual programming. 

There was a huge shift of perception 
regarding pre-service teachers’ abil-
ity to program. Before the course es-
sentially nobody had done any kind of 
programming nor did they think pro-
gramming was particularly relevant to 
K–12 education. At the end of the first 
course all 600+ pre-service teachers 

had created and programmed multiple 
games and participated in multi week 
game programming group projects. Ev-
erybody had gone beyond the minimal 
basics of programming, for instance 
by programming collaborate ghosts 
in a Pac-Man like game. Also, learning 
was not reduced to CS in isolation but 
included uses of computation in other 
subject areas such math, music, art, 
and social sciences. 

3. Course structure: The seven big 
ideas of computer science. The map-
ping of the Scalable Game Design 
strategy onto the computer science 
part of the Lehrplan 21 was straight-
forward. The three main Swiss Lehr-
plan 21 CS topics (data, algorithms, 
and systems) were identified as a 
subset of the seven big ideas found 
in the AP Computer Science Prin-
ciples framework: creativity, abstrac-
tion, data, algorithms, programming, 
the Internet and global impact. Each 
Computer Science Principle idea was 
mapped onto a two-week block in the 
14-week course. 

In spite of its density, most students 
really enjoyed this course structure. 
Students took particular pleasure 
in the Computer Science Principles 
ideas that were either evidently rel-
evant to their lives such as the Inter-
net, or conveyed through engaging 
activities such as a CS unplugged role 
play of people acting as bubbles in 

bubble sort to understand the notion 
of an algorithm. 

Scale or Fail? 
The preliminary evaluation of the first 
part of the course (Introduction to 
Computer Science) suggests a shift 
in audience from self-selected in-ser-
vice teachers to all pre-service teachers 
may not be as difficult as anticipated. 
However, to actually assess if we can 
teach these pre-service teachers to 
teach computational thinking to their 
students will not only require us to 
conduct the second part of the course 
(Computer Science Didactics) but also 
much more time to observe practi-
cal impact. We have an approach that 
has been successful in the past, and 
we have a broad, transformative ex-
periment that could scale to an entire 
country. We have confidence that this 
approach will allow us to cross the 
CSed chasm. 
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Figure 2. AgentCubes games designed and programmed by pre-service teachers.




