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Abstract

An increasing number of countries have recently included programming education in
their curricula. Similarly, utilizing programming concepts in gameplay has become
popular in the videogame industry. Although many games have been developed for
learning to program, their variety and their correspondence to national curricula
remain an uncharted territory. Consequently, this paper has three objectives. Firstly, an
investigation on the guidelines on programming education in K-12 in seven countries
wasperformed by collecting curricula and otherrelevant data official from governmental
and non-profit educational websites. Secondly, a review of existing acquirable games
that utilize programming topics in their gameplay was conducted by searching popular
game stores. Lastly, we compared the curricula and made suggestions as to which age
group the identified games would be suitable. The results of this study can be useful to
educators and curriculum designers who wish to gamify programming education.

Introduction

Computer programming has been an essential tool for computer scientists and engineers for
decades. Today, programming is recognized as a core competency skill also outside the engi-
neering field. The demand for workers possessing programming skills is expected to grow dras-
tically in the near future. In Europe alone, there will be over 800,000 ICT job vacancies by 2020
Balanskat and Engelhard (2015). Consequently, several governmental and non-governmental
projects, such as the European Coding Initiative and the Code.org, have been established to pro-
mote programming education, with emphasis on children.

Likewise, countries around the world have moved toward inclusion of programming education to
national school curricula (Alano et al., 2016; Australian Curriculum Assessment and Reporting
Authority, 2015; Balanskat & Engelhardt, 2015; Department for Education (UK), 2013a;
Information Technology Foundation for Education (Estonia), 2015; Ministry of Education
(Finland), 2014; Ministry of Education (France), 2015; Ministry of Education (Israel), 2016;
Ministry of Education and Science (Korea), 2015). This move has been particularly strong in
Europe, as evidenced by a report published in 2015, which surveyed 21 Ministries of Education
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Practitioner Notes
What is already known about this topic

* Many countries have started to implement programming education in their
curricula.

* Many games utilize programming in their gameplay.

* New techniques to teach children programming are required.

What this paper adds

» A comparison of several countries’ approaches to programming education at primary
and secondary school levels.

» Areview of games that utilize programming in gameplay and what topics they cover.

» Suggestions on what type of programming games might be useful for students at pri-
mary and secondary school levels.

Implications for practice and/or policy

» Useful for teachers interested in providing additional learning avenues to their
students.

* The identified programming education topics can guide educational game developers
to design games with sufficient topic coverage.

around Europe (Balanskat & Engelhardt, 2015) with an aim to discover how programming has
been integrated into national curricula around Europe.

Programming has also become a notable topic in the video game industry. In this paper, our defi-
nition of programming games covers games that utilize at least one clear programming concept—
repetition, conditionals, Boolean logic, and so forth—in gameplay for the purpose of entertainment
or education. Several programming games are introduced to the market yearly. Vahldick et al.
(2014) surveyed commercial games and research projects that were developed for programming
education. Several of these games are unavailable, or no longer supported by their developers.

We discovered only two papers surveying curricula with the focus of programming education:
Heintz, Mannila & Farnqvist (2016) reported on curricula as they now stand, and Balanskat
and Engelhard (2015) conducted a more thorough survey. Moreover, perhaps due to the rela-
tive youth of this movement of adding programming into curricula, there are not many papers
discussing possible connections between pedagogical objectives in curricula and programming
games. Therefore, in this paper we aim to accomplish three tasks:

1. Discover and analyze primary and secondary school curricula around the world that cover
programming education.
2. Discover and analyze games that incorporate clear programming concepts in them.

3. Propose games that could support the curricula objectives at different levels.

Background

Computer Science Curricula

Computer science (CS) curricula at university contexts have a history dating back to the 1960s
(Conteetal., 1965). Since its first recommendation for a curriculum, the Association for Computer
Machinery (ACM), in collaboration with the Institute of Electrical and Electronics Engineers
(IEEE), has continued to publish guidelines for CS curricula, with the latest one being the 2013
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edition (ACM & IEEE, 2013). CS appeared also briefly in K-12 in the United States in the late
1970s, but transformed rather quickly into other types of computer-assisted education (Resnick
et al., 2009). CS has re-appeared in the K-12 curricula only recently due to the awareness of the
growing need of CS skills.

A report by Balanskat and Engelhard (2015) surveyed how CS and especially programming have
been implemented in the national curricula of 21 European countries, revealing that 16 countries
had programming integrated and 2 countries had plans to integrate programming from 2016
onwards. It was noted that programming was mainly integrated into the secondary education
level, but that several countries were also on their way to integrating programming into the pri-
mary education level. For example, South Korea is planning on integrating programming into all
levels by 2018 (Ministry of Education and Science (Korea), 2015). Australia’s most recent F-10
(Foundation—Year 10) curriculum from 2015 has programming practices from 3rd year onwards
(Australian Curriculum Assessment and Reporting Authority, 2015). The United States does not
have a national curriculum with programming education. However, their K-12 Computer Science
Framework, promoted by the ACM, Code.org and other notable organizations, aims to provide
guidelines for integrating programming into K-12 in individual states (Alano et al., 2016).

Learning Programming by Games

Games have been used for education under different terms, such as: serious games, edutainment,
gamification, game-based learning and playful learning. All these emphasize that the game has
defined learning objectives (Plass, Homer, & Kinzer, 2015). There has been some debate on how
education contents should be implemented in educational games, which has led to the creation
of terms related to different approaches. For instance, edutainment games are generally perceived
to be educational tools where the game is simply a means to an end, whereas playful learning is
viewed as a game where the process of learning happens through the game (Lode, Franchi, &
Frederiksen, 2013; Resnick, 2004).

Other termsthat can beloosely tied in with playful learning are unintentional and incidental learning.
The term unintentional learning was used in Boyle et al.’s survey on the impacts of digital games,
in which they noted that “unintentional learning found in entertainment games could provide
insights into engagement and learning in serious games” (Boyle et al., 2016). Incidental learning
is described in the following way by Marsick and Watkins (2001): “...when people learn inciden-
tally, their learning may be taken for granted, tacit, or unconscious. However, a passing insight
can then be probed and intentionally explored.”

Gamification is defined as the use of game elements in a non-game context (Deterding, Dixon,
Khaled, & Nacke, 2011). However, the term is also used in other ways, as noted by Plass et al.
(2015), who state the central quality of gamification as follows: “...it involves the use of game
elements, such as incentive systems, to motivate players to engage in a task they otherwise would
not find attractive.”

The Project Tomorrow, a non-profit group that annually surveys schools in the United States,
found that 48% of 38,613 teachers were using games for education in 2015 (Project Tomorrow,
2016). Another independent study surveyed 694 K-8 teachers in the United States on how they
use digital games in teaching (Takeuchi & Vaala, 2014). The results suggested that although 74%
of the teachers used digital games for educational purposes, they pointed out the lack of curric-
ulum-aligned games and guidance for integrating games into teaching. Similarly, Becker (2007)
identified lack of resources for searching available products and tools as one of the difficulties that
teachers face when it comes to integrating new technologies into pedagogy. Finally, Takeuchi and
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Vaala (2014) provided recommendations for improving integration of games into teaching, such
as: creating a framework for describing and evaluating educational games, elevating awareness
on how to integrate games and creating innovative integration models.

Numerous studies have measured the effectiveness of programming games. As Table 1 shows,
positive results have been shown for learning, motivation, engagement, fun and immersion. Yet
the studies had notable limitations, such as small sample size and length of the study. Additionally,
many focused on older learners.

Block versus Text

One of the features that differentiates learning environments for programming is whether they
use a text-based programming language (eg, Python) or a block-based language (eg, Scratch).
Under Kelleher and Pausch’s (2005) taxonomy of novice programming environments, block-
based systems fall under the category of “find alternatives to typing.” A key motivation behind
block-based systems is that novice programmers often struggle with syntax of a textual lan-
guage. As block-based languages remove the need for typing syntactically correct instructions,
they can improve learning of programming concepts while avoid struggling with syntax.

Perhaps the best known example of a block-based programming is Scratch (Resnick et al., 2009).
It allows the construction of programs through a simple interface via dragging and dropping
programming constructs with a mouse. This programming method eliminates syntax errors
since there is no typing involved. Additionally, Scratch will only allow certain blocks to snap
together, thus preventing illogical structures. The idea of Scratch has been adopted to many
block-based learning environments (eg, Code.org,! Alice,> Tynker,> Kodu,* MakeCode®> and
HopScotch®), and further popularized by Google’s Blockly” library for building visual program-
ming environments.

Block-based systems cannot solve all issues that a novice programmer might encounter. For
example, when comparing block-based and text-based approaches, the level of perceived diffi-
culty remains the same (Price & Barnes, 2015). Similar effect was also noted by Lewis (2010)
when comparing students interpreting a loop in block-based Scratch and text-based Logo. In
advanced topics that require more elaborate coding, block-based systems are less effective. This
was discovered by Weintrop and Wilensky (2015) in a study where high school students noted
the drawbacks of using blocks to be lack of expressive power and authoring larger, more sophisti-
cated projects. However, block-based approaches are beneficial in some ways. For example, Price
and Barnes (2015) noted increased performance in time-on-task and task completion. Moreover,
Weintrop and Wilensky (2015) mentioned that the students generally found block-based pro-
gramming to be easier than a text-based alternative. Finally, while block-based languages are
ideal for gently introducing programming concepts to beginners, text-based programming lan-
guages, such as Java and Python, might be more suitable for advanced students, as they allow
building more sophisticated programs.

Thttps://code.org/
https://www.alice.org/
Shttps://www.tynker.com/
*https://www.kodugamelab.com/
Shttps://makecode.com/
https://www.gethopscotch.com/
"https://developers.google.com/blockly/
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Methodology

The reviewed curricula were searched using Internet search engines and Ministry of Education
websites of respective countries. The criterion for selection was for the country to have inte-
grated programming into its national curriculum, or published curriculum guidelines, at least
for the primary education.

In total, we reviewed curricula in five countries: Australia (Australian Curriculum Assessment and
Reporting Authority, 2015), Finland (Ministry of Education (Finland), 2015), France (Ministry
of Education (France), 2015), Israel (Bargury et al., 2012; Ministry of Education (Israel), 2016),
and the United Kingdom (Department for Education (UK), 2013a, 2013b). Moreover, we cov-
ered the United States (Alano et al., 2016) and Estonia (Information Technology Foundation for
Education (Estonia), 2015), although they do not have official curriculum; instead, we analyzed
their guidelines for curricula.

To analyze the identified curricula, we first created broad categories based on the curricula to
describe differences in foci. The process began by iterating through the curricula descriptions and
observing common themes that emerged. These themes were then further abstracted into the
categories utilized in Tables 1 and 2. We divided the curricula contents into grades 1-6 (ages
7—-12) and 7-12 (ages 13-18). Grades 7—12 were bundled together because very few of the cur-
ricula contained recommendations for secondary education.

Vahldick et al.’s (2014 ) survey of 40 games was used as a starting point for reviewing program-
ming games. Firstly, we included also recent games by searching popular game stores, mainly
focusing on easily accessible commercial releases on all major mobile and desktop platforms.
Secondly, we tested all games that were free to play and searched for reviews, gameplay videos
and product descriptions to confirm what programming topics each game covers. Additionally,
for games that had no age group specified by developers, we gave our own suggestions based on
the use of block-based or text-based programming, and how complex the game is for a novice.
Thirdly, we did not limit our review to games that were developed for educational purposes, thus
accepting also games that use programming techniques as part of the gameplay. We filtered out
games that were no longer supported (over a year since the last update) and that were not acces-
sible. We accepted 11 games listed by Vahldick et al. (2014) based on these criteria and discovered
18 new games, thus making our final set to comprise 29 games.

Table 2: Programming topics in the curricula at grades 1-6 (*indirectly mentioned in the curriculum)

Australia Estonia Finland France Israel Us UK

Algorithms X X X X X
Computational thinking X
Basic constructs (loops, condi- X X X

tionals, variables)
Creating games
Data structures
Digital logic
Input/output X X
Interdisciplinary/robotics X X
Real programming language
(object-oriented programming)
Software design, modularity
Block-based programming X X x* X X x* X
languages
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Results

K-12 Curricula

We reviewed the K-12 curricula from five countries (Australia, the United Kingdom, Finland,
France and Israel), an unofficial curriculum guidelines created for programming education in
the United States and programming education guidelines created in Estonia by the Information
Technology Foundation for Education. Our intention was to identify similarities and differences
in the approaches to programming education. The largest differences between the presentations
of the curricula were on how verbose the descriptions of the objectives for each grade were, and
on the definitions used for describing programming practices.

Several different terms were used in definitions in the reviewed curricula: Computational
Thinking (the United Kingdom, the United States), Algorithmic Thinking (Finland, Israel) and
Algorithms (Australia). Though the terms have undeniable similarities, it is challenging to con-
firm to what extent each country’s use of the same term has the same meaning attached to it.
This was also noted by Balanskat and Engelhard (2015) while mapping out different definitions
used in European countries. When creating Tables 1 and 2, we avoided altering the text used by
the curricula, with the exception graphical programming tools. Whenever graphical tools were
mentioned, we assumed that block-based tools were meant.

In the following section, we shortly describe the reviewed curricula, and their comparison by
grades 1-6 and 7-12.

Australia

The Australian curriculum was released in 2015 and transition to it started in 2016. It is among
the most verbose of the analyzed curricula. At grades 3—4, students start to program using vi-
sual programs (presumably block-based programming) and the transition to real programming
languages is made at grades 7-8. At grades 9-10, a further requirement for covering object-
oriented programming is specified.

Estonia

In Estonia, the Information Technology Foundation for Education runs a program called
ProgeTiger since 2012 with a purpose to enhance learners’ technological literacy and digi-
tal competence and targeting at teachers in preschools, primary and vocational education.
Additionally, ProgeTiger aims to increase children’s interest toward engineering. ProgeTiger
has released a program guide for 2015-17 (Information Technology Foundation for Education
(Estonia), 2015), with activities aimed at three proficiency levels. These levels are not directly re-
lated to formal education levels, thus to fit their guidelines to our comparison tables, we divided
the three proficiency levels as follows: Basic—grades 1-6, Intermediate and Advanced—grades
7-12.

The United Kingdom

Programming was included in the United Kingdom’s curriculum in 2014 when other revisions
were also implemented. The curriculum is divided into five Key stages, each of which represents
a specific year group—Key stage 1: Ages five to seven (Years 1-2); Key stage 2: Ages 7-11 (Years
3-6); Key stage 3: Ages 11-14 (Years 7-9); Key stage 4: Ages 14—16 (Years 10—11); Key stage 5:
Ages 16—19 (Years 12—13).

© 2018 British Educational Research Association



8 British Journal of Educational Technology Vol O No 2018

Table 3: Programming topics in the curricula at grades 712 (*indirectly mentioned in the curriculum)

Australia Estonia Finland France Israel Us UK

Algorithms X X X X X

Computational thinking X

Basic constructs (loops, condi- X X X X
tionals, variables)

Creating games X

Data structures X X X

Digital logic X

Input/output

Interdisciplinary/robotics X

Real programming language X X X X X
(object-oriented programming)

Software design, modularity X

Block-based programming X
languages

ol
o

Finland

The Finnish curriculum, which implemented programming education in fall 2016, was the least
verbose of the reviewed curricula. Programming is not defined as an independent subject; it is
integrated into other subjects, such as mathematics. Moreover, instead of listing precise require-
ments, short sentences are used in the curriculum descriptions. For instance, the curriculum
explains about including programming to a mathematics class (grades 3—6): “Encourage the
student to create operation instructions in a graphical programming environment” (Ministry
of Education (Finland), 2014). This means that the teacher is relatively free to decide how to ap-
proach programming education.

France

In 2015, France published their new curriculum that included specifications for programming
education at primary schools. The curriculum was subsequently implemented in 2016. The
French curriculum description is fairly verbose, and unlike all other reviewed curricula, it is
divided into four cycles—Cycle 1: pre-school; Cycle 2: grades 1-3; Cycle 3: grades 4—6; and Cycle
4: grades 7-9. Programming education is set to start from Cycle 2 and the curriculum first in-
structs the use of block-based programming tools, which are switched to text-based program-
ming tools in Cycle 4.

Israel

Israel introduced programming as a subject in 1976 and the country has been revising the cur-
riculum since. Currently, Israel has programming education integrated into all levels of K-12.
However, at grades 1-6, only simple introductory steps toward programming are taken. At
grades 7—12, programming pedagogy becomes more serious and detailed. Programming edu-
cation in these grades is divided into four modules. The first module (grade 7) emphasizes the
need to make programming enjoyable by block-based programming (Bargury et al., 2012). The
second module (grade 8) focuses on the use of spreadsheets for scientific research. In the third
module (also grade 8), which is elective, programming is taught with a real programming lan-
guage, either using robots or client-side programs, depending on the budget and the teacher. It is
notable that client-side program development focuses on HTML5 and JavaScript.
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Table 4: Basic information of games suitable for grades 1-6

Name Year Genre Platform Languages
Algotica Iterations 2017 Puzzle Windows Eng, Rus, Chi
Cargo-Bot 2012 Puzzle 108 Eng
Catos Hike 2014 Puzzle 108 Eng
Daisy the Dino 2016 Puzzle 10S Eng
Kodable 2014 Puzzle Web, Windows, 10S,  Eng
Android
Move the Turtle 2012 Puzzle 10S Eng, Pl, Es
RoboLogic 2009 Puzzle 10S Eng, Ger
Robozzle 2009 Puzzle Web, 10S, Android, Eng
Kindle Fire
Ruby Warrior 2008 Adventure Web Eng
CodeMonkey 2014 Puzzle Web Eng
Light-Bot 2008 Puzzle Web, Android, I0S 30
CodeCombat 2013 Role-playing Web 50
game, adven-
ture, puzzle
Codespark 2016 Puzzle Android, I0S Eng
Hack'n’Slash 2014 Adventure Windows Eng
Machineers 2013 Adventure, Windows, Android 8
puzzle
Turtle Academy 2011 Puzzle Web Eng
Robot School. 2015 Puzzle 0OS X Android Eng
Programming Game
Lobot—Robot 2016 Puzzle Android Eng, Bahasa
Programming
Save the animals: 2016 Puzzle Android, I0S Eng, Chi
Coding Game
Digital 2016 Puzzle Android Eng
Puppet—
Programming
Coding Pirates Game 2016 Puzzle Web, i0S, Android Eng, Dan, Ger
Run Marco! 2016 Puzzle Web, i0S, Android, 30
Kindle
Karel Coding: Code 2016 Puzzle Android Eng
Hour
Minecraft: Education 2016 Simulation, Windows, OS X Eng
Edition + Code puzzle
Builder
Sprite Box 2017 Puzzle Web, i0S, Android Eng
Tynker Games 2016 Puzzle, Web Eng
Adventure

The United States

In the United States, curricula are defined at individual states. The K-12 Computer Science
Framework (Alano et al., 2016), used in our review as a representative of the United States curric-
ulum. This framework is prepared by several non-profit organizations, such as the ACM, Code.
org and the National Math and Science Initiative, to provide curriculum guidelines for com-
puter science education in the United States. Due to the framework’s nature of being a collection
of guidelines, it is quite verbose. The focus areas are divided into five categories: Algorithms,
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Variables, Control, Modularity and Program. The guidelines for grades 1-2 only include the first
four categories and do not expect actual programming to be done. The framework gradually
adds objectives and programming activities to the categories as students get older.

Curricula Comparison

Tables 2 and 3 present a comparison of the curricula contents divided into grades 1-6 and 7-12,
respectively. In many countries, there is a trend of starting programming education at lower
grades using block-based programming tools, although specific tools were often not given. The
block-based programming tools were mainly recommended for the first six grades for introduc-
ing the working principles of computers and the basic programming constructs, such as loops,
conditionals and variables. One notable difference was that some countries’ curricula propose to
start this at a later stage. For instance, France introduces programming topics at Cycle 4, which
encompasses grades 4—6. From grade seven onwards, the focuses in the reviewed curricula are
aligned for most parts, with most of the curricula introducing real programming languages,
with the exception of the United States. Only Israel had defined the programming languages to
be used (HTML5 and JavaScript); other curricula simply stated the requirement to use a text-
based general-purpose programming language.

Programming Games

There are more games that lend themselves to teaching programming that can feasibly be tested
by teachers. This section aims to give suggestions for games to be used in programming educa-
tion. Tables 4 and 5 describe basic information of 29 games suitable for grades 1-6 and 7-12,
respectively. In Tables 6 and 7, we have analyzed the same games by programming topics and
approaches (text-based or block-based) for grades 1-6 and 7-12, respectively. An asterisk marks
those programming topics that are not fully utilized. Appendix 1 contains links to game web-
sites and notes whether they can be acquired for free. Our hope is that by providing these results,
purposeful use of games to facilitate programming education in K-12 can be increased.

We assigned the games to one or more of the following genres: Action, Adventure, Role-playing,
Strategy, Puzzle, Sandbox, Simulation and Sport. Under these genres lie a host of sub-genres and
their combinations that can be used to define the alignment of games more precisely. Different
genres support different types of learning goals. For example, on one hand, puzzle games natu-
rally lend themselves to practicing particular problems in a structured manner (eg, levels in the
game increase the difficulty of puzzles), which can be then be used to practice particular skills (eg,
loops, recursion). On the other hand, puzzle games offer a constrained environment with levels
that are analogous to isolated exercises. Conversely, simulation games offer a more free-form type
of play, thus enabling creative exercises that can be solved in multiple ways over a longer period of
time. This approach typically requires that the educator creates or finds suitable scenarios where
the learner can experiment with different solution possibilities.

Table 5: Basic information of games suitable for grades 7-12

Name Year Genre Platform Languages

Colobot 2016 Real-time strategy Windows Eng, Ger

Human Resource 2015 Puzzle Windows, Linux, 17
Machine 0SX

Blockly Games 2011 Puzzle Web 50

© 2018 British Educational Research Association



Gamifying programming education in K-12

Table 6: Programming topics and approaches in games suitable for grades 1-6

11

Name Variables Conditionals Loops Methods Block-/Text-based
Algotica Iterations x* - X Block-based
Cargo-Bot - X X X Block-based
Catos Hike - X X Block-based
Daisy the Dino - X X X Block-based
Kodable X X X X Block-based
Move the Turtle X X X Block-based
RoboLogic X X Block-based
Robozzle X X X Block-based
Ruby Warrior X X X X Text-based
CodeMonkey X X X X Text-based
Light-Bot - - X X Block-based
CodeCombat X X X X Text-based
Codespark X X X Block-based
Hack’'n’Slash X X X X -
Machineers X X X -
Turtle Academy X X X Text-based
Tynker Games X X X X Block-based
Sprite Box 'Y - X X Block-based
Robot School. X X X X Block-based
Programming
Game
Lobot—Robot - X X X Block-based
Programming
Save the animals: - X X Block-based
Coding Game
Digital - - X X Block-based
Puppet—
Programming
Coding Pirates Game - X X - Block-based
Run Marco! - X X - Block-based
Karel Coding: Code X X X X Text-based
Hour
Minecraft: Education X X X X Block-based
Edition + Code
Builder
(MinecraftEdu)

Table 7: Programming topics and approaches in games suitable for grades 7—12

Name Variables Conditionals Loops Methods Block-/Text-based
Colobot X X X X Text-based
Human Resource X X X x* Block-based
Machine
Blockly Games X X X X Block-based
Minecraft: Education X X X X Block-based
Edition + Code
Builder
(MinecraftEdu)
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Programming is presented in a similar fashion in nearly all of the games, with the character
being manipulated by a string of simple commands that either run in a loop or execute once. The
biggest difference among these games is whether the commands available are shown as images,
or the user has to write them. Only five games added some variation to this: MinecraftEdu,
Sprite Box, Colobot, Hack‘n'Slash and Machineers. MinecraftEdu handles programming in the
familiar fashion of using blocks, but the player can move their avatar freely without coding; the
code manipulates a separate agent. In Colobot, the player uses scripts to automate machines.
Hack‘n’Slash is more about variable manipulation.

Discussion

Most of the reviewed curricula first introduce the concepts of programming to students through
play and block-based programming. Terminology varied slightly, with most countries referring
to high-level concepts such as algorithms, computational thinking and algorithmic thinking.
The Finnish curriculum was least descriptive, simply stating high-level goals such as “encour-
aging children to create programs with a visual programming environment.”

There are several games that are meant for children to understand the basic command sequence.
Some of these are more complex than others, and most cover also the basics, such as loops and
conditionals. Variables were usually covered either partially or using metaphors, like boxes of
different color in Cargo-Bot.

A clear division could be seen in the types of programming games. Games focusing on younger
players were mostly rather simplistic, such as Cranes. We struggled to find games that are suit-
able to players who have a grasp of basic concepts, but have yet to master complex programming
skills. One game that does somewhat fill the requirement is MinecraftEdu combined with Code
Builder. Games that do show promise of handling both introductory and intermediate levels of
programming were added to both lists (MinecraftEdu and Ruby Warrior).

Finally, we discovered several complex games (eg, Screeps,® TIS-100,° Shenzen I/0,'° Codefight, !
CodinGame,'? Robocode,!® Untrusted!* and Elevator Saga'®) that require a higher level of pro-
gramming skills, designed to challenge people who program regularly. These could be used at
schools to provide practice to highly skilled students.

Listing programming education games and what programming topics they cover does part of
the work for educators. However, how these games should be introduced in a classroom environ-
ment is another challenge. We are aware that educators are already swamped with their duties
(Becker, 2007). Thus, one possibly efficient way to utilize these games would be through inci-
dental learning. Essentially, educators could suggest a suitable game to students to play at their
own time. These games could support learning processes by covering the relevant topics in an
engaging format.

8https://screeps.com/
https://store.steampowered.com/app/370360/TIS100/
IOhttps://store.steampowered.com/app/504210/SHENZHEN_10/
Whttps://codefights.com/

Phttps://www.codingame.com/start
Bhttps://robocode.sourceforge.net/
4https://alexnisnevich.github.io/untrusted/

IShttps://play.elevatorsaga.com/
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Table 8: Limitations and remedies

Limitation

Remedy suggestion (future work)

Majority of games are short-form

Lack of formal training programs for using
digital games in classrooms

Although many programming games cover
topics presented in curricula, learning games
in general are not well aligned with curricula

The mapping between grade groups and topics
could be done differently depending on the
context

One topic may be covered by several games

A game covering all topics might not be
engaging and pedagogically effective

There remain gaps in the topic coverage of
programming education games, especially for
older students

As this study focused on reviewing the curricula
documents, real life experiences on imple-
menting the curricula were not investigated

Curricula are often provided as guidelines with
little instructions for implementation

Utilize game platforms (e.g. MinecraftEdu) that
allow educators create new content

Develop a short course during which teachers learn
about educational digital games and how they
can be connected to curricula

Conduct further studies on the suitability of games

to specific curriculum subjects; use services such as

Teacher Gaming that provide curriculum-aligned

versions of commercial games (https://store.teacher-

gaming.com/)

Curriculum developers and educators should
consider their contextual requirements and
adjust the mapping as needed

Educators should get familiar with various games
to identify the best match for their pedagogical
setting and students’ preferences

Test and choose games that match the curriculum
objectives for specific topics and the implementa-
tion requirements in a given context

Develop programming games that are aimed at
more advanced students

Interview teachers from the respective countries to
find out more about the actual situations at
schools

Devise implementation guidelines by investigating
how programming curricula have been imple-
mented in different countries and what the
results have been

It should be stressed that we do not see programming games as a silver bullet capable of replacing
Scratch-like tools. These games could rather be viable tools in helping to engage with computer
science outside schools, alongside graphical programming tools.

Depending on the approach of a given programming game, it can be argued to support various
learning theories apart from being an agent for motivation and engagement (see Table 1). The
general requirement for the player to actively participate in the game and construct code snippets
using block-based or text-based language supports constructivism. Aligned with this, some pro-
gramming games employ problem-based learning strategies with multiple acceptable solutions
to a given problem, which may be ill-defined (eg, MinecraftEdu, Code Combat, CodeMonkey).
Although independentlearning-by-doing gameplay is the most common approach in the reviewed
games, some games were specifically designed to support teaching at schools (eg, MinecraftEdu,
Save the Animals, Code Combat, CodeMonkey). These products reflect instructionism, as they
can be more teacher-driven. Finally, lack of games that provide the possibility for social learning
among the players was evident, as the only game that has this clearly built in is MinecraftEdu.

The emergence of products with teachers in mind is not that surprising, as companies move to
fill the demand for programming education games for children. Some of these products come
with the benefit of having ready-made tools for the teachers to utilize for additional content
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production. Moreover, some games (eg, MinecraftEdu, CodeMonkey, Kodable) offer features for
student observation and management, thus helping the teacher efficiently orchestrate the learn-
ing environment.

The results of this study improve on Vahldick et al.’s (2014) comparison of programming games
in several ways. Firstly, Vahldick et al. included several games that were based on research stud-
ies and games that were not available anymore; all games in our review are acquirable at the
moment of writing this. Secondly, unlike the previous study, we also included curricula in the
review. Thirdly, we provide suggestions on the games’ fitness to age groups and topic categories.
Despite these differences, we confirmed some of the findings of Vahldick et al.: no adaptation
to individual learners, little support for multiple programming languages and only a few cases
where scaffolding hints are provided during gameplay.

The survey by Takeuchi and Vaala (2014) listed some important limitations that currently exist
in integration of digital games into teaching: (i) the majority of the games used by the teachers
are short-form; (ii) teachers are learning to teach with digital games via informal means, rather
than through formal training programs, thus potentially leaving them unexposed to a wider ped-
agogical selection; and (iii) games are often not curriculum-aligned. These limitations, together
with the limitations emerging from the results of our study, are listed in Table 8. We also pro-
vide remedy suggestions that may serve as future work in this area. As the number of available
programming games increases, we need long-term pedagogical evaluations to identify the most
suitable games for different pedagogical settings. The evaluation studies presented in Table 1 are
a good starting point toward this.

Conclusion

We reviewed and compared how seven countries—Australia, Estonia, the United Kingdom,
Finland, France, Israel and the United States—approach programming education at primary
and secondary schools. We also reviewed games that are easily acquirable and utilize program-
ming in some form in gameplay. Additionally, we created tables that summarize the games,
what programming topics they cover and appropriate age groups for the games. The results of
this study can be used to overcome some of the issues related to integrating educational games
into teaching, especially the lack of correspondence between educational games and curricula
(Takeuchi & Vaala, 2014).

The coming generations have a hands-on approach to technology as it revolves around them from
early childhood. Even though many of them may never work as programmers, it is important to
ensure that they will have a nominal understanding of what makes the technology around them
tick. Using games in conjunction with education is by no means a complete solution to achieve
this goal, but it might be a viable part of it.

Statements on open data, ethics and conflict of interest
All data for this study were gathered from publicly available government documents, websites
and academic articles. There are no conflicts of interest.
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APPENDIX A
Name Free Homepage

1 Algotica Iterations No https://store.steampowered.com/app/593330/
Algotica_Iterations/

2 Blockly Games Yes https://blockly-games.appspot.com/

3 Cargo-Bot Yes https://twolivesleft.com/CargoBot/

4 Catos Hike No https://hwahba.com/catoshike/

5 CodeCombat No https://codecombat.com/

6 CodeMonkey No https://www.playcodemonkey.com/teachers

7 Codespark No https://codespark.org/

8 Coding Pirates Game Yes https://www.codingpiratesgame.com/

9 Colobot Yes https://colobot.info/

10 Daisy the Dino Yes https://itunes.apple.com/us/app/daisy-the-dinosaur/
id490514278’mt=8

11 Digital Yes https://play.google.com/store/apps/details?id=com.

Puppet—Programming takoyaking.digitalpuppet

12 Hack'n’Slash No https://www.hacknslashthegame.com/

13 Human Resource Machine No https://tomorrowcorporation.com/

14 Karel Coding: Code Hour No https://nclab.com/courses/karel-coding/

15 Kodable Yes https://www.kodable.com/

16 Light-Bot No https://lightbot.com/

17 Lobot—Robot Programming  Yes https://play.google.com/store/apps/details?id=com.
gemuku.lobot.android

18 Machineers No https://www.machineers.com/

19 Minecraft: Education Edition ~ No https://education.minecraft.net &https://education.
minecraft.net/trainings/
code-builder-for-minecraft-education-edition/

20 Move the Turtle No https://www.geekkids.me/

21 RoboLogic No https://www.digitalsirup.com/app/
robologic/?lang=en

22 Robot School. Programming  No https://www.robotschoolapp.com/

Game

23 Robozzle Yes https://robozzle.com/

24 Run Marco! Yes https://www.allcancode.com/hourofcode

25 Ruby Warrior Yes https://www.bloc.io/ruby-warrior#/

26 Save the animals: Coding Yes https://fifthwisdom.com/games/save-the-animals/

Game

27 Sprite Box No https://spritebox.com/

28 Turtle Academy Yes https://turtleacademy.com/project/doc/en

29 Tynker Games Yes https://www.tynker.com/
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