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Abstract
We present Reduct, a puzzle game to teach programming
language semantics to novices, especially children. Unlike
previous puzzle games, Reduct gamifies the actual eval-
uation steps involved in executing code. Players discover
behavior of language constructs through play by evalu-
ating code snippets towards a goal. The game progres-
sion covers several basic concepts of JavaScript ES2015,
including functions, Booleans, ternary conditionals, ar-
rays, Array.map(), variables, and more. To help reduce self-
handicapping behavior, code representations begin in a
concrete form and fade to abstract notation over time.
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Background
Previous puzzle games for teaching programming focus on
the process of program construction: the player writes a
program, runs it, and rewrites it in an iterative process. In
these “construction-first” approaches, players learn what
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language constructs like ’rotate’ mean – i.e., their seman-
tics – through trial and error [2]. For instance, a player might
be challenged to move a character toward a goal point by
constructing a sequence of embodied actions like ‘rotate
90, forward 2’. Since language semantics in constructionist
approaches can only be inferred indirectly, it is difficult for
players to discover the semantics of more advanced pro-
gramming constructs through play alone [8]. Often these
approaches also have the drawback of teaching a custom,
rather than a general-purpose, programming language.

Core Mechanic
We considered how a game could teach language seman-
tics to absolute novices directly through gameplay. We
designed a puzzle game, Reduct, that gamifies the actual
computation steps involved in evaluating code, i.e. reducing
code to values upon execution. The player enacts these se-
mantic rules with simple click and drag-n-drop actions. For
Reduct, the set of rules follows the operational semantics
[11] of a subset of the widely-used JavaScript ES2015 lan-
guage. We hold that this approach could be applied to any
evaluated language.

Figure 1: From top to bottom: A
star constant is dropped over an
anonymous function as input,
binding x and producing star ==
star. Next, the player clicks to
reduce the equality statement,
producing the terminal value of
true. Representations are in fully
abstract form.

For example, Figure 1 depicts the evaluation steps involved
in reducing a bound value. The player drops an expression
over the input to a function to perform substitution, and then
clicks the equality test to reduce it to the value true.

Gameplay Overview
Each level of Reduct has three areas of expressions: the
board, the goal, and the toolbox (Figure 2). Using evalu-
ation rules to enact a series of transformations, the goal
in each level is to transform the set of expressions on the
board to the set of expressions in the goal box. Expressions
in the toolbox may also be brought into play to help reach
the goal.

Figure 2: A level of the Boolean planet, with various expressions.
Areas of play are (a) board, (b) goal, and (c) toolbox. The goal is
to produce two true values, here represented in a concrete form
as two keys.

In the context of Figure 2, the solution can be achieved by
completing the equality test (in pink) with a second star,
clicking to reduce it to a key (a true value), dragging the
duplicator (leftmost in toolbox) onto the board, duplicating
the key, and feeding one key through the Identity function
that remains.

Concreteness fading
When learning mathematics, students may be initially averse
to the appearance of abstract notation [5]. To help reduce
potential self-handicapping, our design gradually “fades” the
graphical form of expressions over time from concrete rep-
resentations to abstract syntax (Figure 3). We were inspired
by DragonBox (DB), a popular game for teaching algebra
to children that adopts the method of concreteness fading
[6]. DB begins with variables like x represented as a box
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and integers as insects, eventually fading to algebraic no-
tation. In a large study, 96% of K-12 students who played
DB for more than 90 minutes were able to solve three linear
equations in a row with no errors in the game interface [7].Figure 3: Green sparkles indicate

a fade transition from concrete
(left) to more abstract
representations (right).

In Reduct, all expressions have at least one concrete and
one abstract representation. The first level presents func-
tions as having a hole for input and pipes for substituted
output. This representation fades over several stages, even-
tually reaching the actual syntax of JavaScript arrow func-
tions (Figure 3).

Progression

Figure 4: Concept select screen,
showing planets on a starry
background.

Our game progression adopts the theory of elaboration
[9] by initially introducing a new concept in isolation, then
mixing it with previous concepts over the course of a game
section. Game sections are represented as planets in the
menu interface (Figure 4). To encourage learning, we used
theories of skill acquisition [3] to build competence in se-
mantic rules by gradually increasing each level’s difficulty
(the complexity of the solution’s search space) across each
section. The released game progression covers several ba-
sic concepts, including functions, Booleans, equality tests,
ternary conditionals, arrays, Array.map(), and variables.
We are actively working on extending the progression to
reach more advanced concepts, such as multi-line code
sequences and for loops.

Narrative

Figure 5: The title screen depicts
Starchild floating in space amongst
the stars.

We adopted a narrative to provide a fun framing to the
game, while being careful to minimize its impact on the re-
ward structure to avoid distracting from learning goals [4].
Reduct ’s narrative follows the genderless Starchild, an alien
searching for their home planet. Unfortunately, Starchild’s
spaceship keeps running out of rainbow dust. To enough
rainbow dust to continue, players must complete every level
on the planet they are marooned on.

Implementation
To ensure that the game was easily accessible to anyone
with internet access and a basic computer, we decided to
develop a web-based game with low graphics requirements
and simple input methods. Reduct was implemented in
JavaScript ES2015, the language it teaches, and tested on
a Macbook running Google Chrome. A version of the game
for this submission can be played at http://therottingcartridge.
com/games/chi2017game/.

User Testing and Feedback
Our core progression and gameplay mechanics went through
several iterations after many informal playtests with fellow
students. We realized the meaning of the Goal box was not
immediately apparent to some players. To fix this without
adding text, we glowed pieces on the board in unison with
those in the goal box upon victory. We also tuned the diffi-
culty progression, making sure players didn’t get stuck on
beginner levels.

After our initial round of testing, an evaluation was con-
ducted of an early prototype of Reduct both in-lab (24 par-
ticipants) and online (over 300 players completed the game),
verifying its core gameplay mechanic’s ability to engage
players, and measuring learning outcomes. Full results are
presented as a full paper at this year’s CHI [1]. Results from
post-test questions asking players to type out expressions
suggest that while players largely understood construct se-
mantics, they often could not recall the precise notation
used. A future version of Reduct might incentivize recall
ability by requiring players to type syntax later on.

From the online deployment, players reported wanting to
return to previous levels, which we fixed in this version with
a menu select screen (Figure 6). We also received a few
comments from parents whose children played the game,
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suggesting that children found our design intuitive and en-
gaging enough to finish a large portion of it, but found a
later level requiring nested arrays too difficult to solve alone.

Future Work

Figure 6: Level select screen for a
section covering a single concept,
represented as a planet.

In the future, we plan to evaluate whether Reduct can teach
children at the K-12 level. After conducting an informal
round of testing, we would deploy to a classroom as a lim-
ited workshop series. Of particular interest is whether the
method of concreteness fading has an effect for a demo-
graphic likely to experience self-handicapping [5]. To test
this, we would run a between-group study with concrete
and fully-faded conditions, where learning outcomes in
each condition would be evaluated both in-game (through
a final sequence of levels), and on paper to test concept
transfer outside the game environment. The paper test
would be adapted from the language-independent FCS1
exam [10], which tests aptitude in CS1 programming knowl-
edge.
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