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Abstract

This paper describes the logic training workspace “IMPLY - interactive models for pre-literate youth”. IMPLY
aims at pre-literate children by using images as literals for concepts or events in a small game universe. The
literals are used in general propositional Horn clauses in implication form to describe the valid models, or worlds,
of this specific game universe. Multiple game modes allow the exploration of the implication as a fundamental
building block of logic programming.
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1. Introduction

It has been well established that if-then-rules are a suitable formalism to describe computation [1] and
have been used as a base for computer science education for children [2, 3]. More generally, Horn
clauses are the basis of several computational models of logic programming, most notably Prolog,
Datalog, and Answer Set Programming [4, 5].

Such rules take on the form of “A if B and C”, “if B and C then A”, “A < BAC”, “A :- B, C”, or
similar. Because of the textual nature of the rules, literacy is presumed for the users of a specific rule
language and its tools. Even when using visual programming languages that manage to minimise
frustrations with syntax and syntax errors, like blockly-Prolog!, blawx [6], or FOLL-E [7]: the rules
take on 2D shapes, but their meaning is not conveyed through the shapes. The meaning is conveyed by
having the shapes labeled “Rule”, “Fact”, “Body”, etc. or, in the case of Blawx “If we know ... then we
also know ..”.

In the FOLL-E project the goal is to distinguish colorful robots via rules. And while the robots
themselves (which represent models or valid/invalid robot configurations for the underlying rules) are
easily graspable without being able to read, the rule shapes are labeled with their meaning, as they are
not self-explanatory. And of course, the shapes do not need to be, if the child creating the rules can
read.

Because of this dependency on literacy to convey the abstract reading of logic programs, primary
education is typically argued as the earliest target for logic programming education [8].

To explore the question whether literacy is truly necessary to train the forward reasoning skills
used in logic programming, we introduce the game “IMPLY - interactive models for pre-literate youth”.
IMPLY is a web-application that presents supervised exercises in a form that avoids written language
where possible. The core of IMPLY are sets of if-then rules where the literals in the rules are images
that are dragged onto the “if” or “then” area of the rules. Multiple game modes allow the player to
explore the effects their rules have on the validity of worlds within the game universe.

In Section 2 we give an overview over the user interface of the game. In Section 3 we present the
specific semantics of an IMPLY “program”. In section 4 we explain the four different game modes.
Section 5 describes the trial performed by this author and their 4 year old son. We note the drawn
conclusions from the experiment in Section 6.

The main contribution of this paper is the IMPLY application as a discussion starter of when, at the
earliest, we may start with the introduction of concepts pertaining to formal reasoning, and which
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elements of previous approaches need to be adapted, if possible, to accommodate children at pre-literacy
ages. The application can be tried out at https://tech.maweki.de/files/imply/.

2. Game Overview

£» Weather -. Car o Kinder “% Farm v Axioms IMPLY

Introduction Reconstruction Verification # Card OFF a Add Rule

& Sandbox RULES LITERALS
Create any rules you like and watch the
possible worlds update instantly. Add your
own literals with the + button!

and create a rule for when the street

floods!

Drag a suggested literal to the palette or o

create your own —

[ ¢ Try adding a "thunderstorm" literal

Figure 1: Overview of the user interface of IMPLY with highlighted areas of interest.

The game’s user interface (UI) is split into five areas (see Figure 1).

1. The title panel shows the current game universe (a set of literals with a common theme and
corresponding tasks), the current game mode (see Section 4), a toggle for enabling cardinality
constraints (see Section 6), and a game-mode specific button which is usually used to add rules.
The “Axioms” button shows the rules of our system of logic (see Figure 2), explaining the rule of
excluded middle, the meaning of implication, the meaning of a conjunction, negation, and what a
fact is. The explanation is in text form and it is there to guide non-professional supervisors.

2. The explanation panel introduces and explains different tasks depending on the chosen universe
and game mode.

3. The rule area shows the current rules that are evaluated. A rule consists of a head-area (or
“then-area”) and a body-area (or “if-area”) that are used as drop-targets for literals.

4. The literals panel shows the available literals that may be used to fulfill the task. In most game
modes the literals are dragged to the rule area. Sandbox mode allows adding custom literals.
In Challenge mode the literals may be “toggled” to select a certain valuation for them that is
consistent with the rules. The literals may be clicked/tapped to show a larger picture and its
name is read out using the browser’s text-to-speech engine, allowing to recapitulate the meaning
of the literals without supervision.

5. The models/worlds panel shows information about the models obtained from the specified rules.
In reconstruction mode it shows which models/worlds are also in the set of target models/worlds.
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And in verification mode the model view is initially empty, as the player has to generate worlds
to test them against the rules.

3. Semantics

The rule area allows rules of the form A «
BiA--AB,, where A and B; are either positive or
negated literals that are taken from the literals

panel. Rules with n = 0 are allowed and we V Logical Axioms
call them facts. N
The game starts Wlth the simple “Weather” Every statement is either true or false — never both.
: . . Pv-p
universe that consists of the literals “street
(w)et”, “(r)aining”, “street (c)leaning”, “pipe implication (~.)
(b)reak”’ Wlth the lntended rules Conveying If the body (cloud) is satisfied, the head must be true
. . . head - body satisfied
that the street is wet if any of the other literals Y
are true,ie. P ={W <« R,W <« C,W « B}. Conjunction (AND)
Standard Model Semantics: In the 1n1t1a1 ALL hody literals must be true for the rule to fire.
. A A BAC-=all mst hold
development we checked all possible valua-
tions of literals and marked all worlds (mod- Negation ()
els) as Valid Where all the rules are true. ThlS Tap a literal to toggle negation. -P is true when P is false.

-P is true — P is false

also included the world where the street is wet

and none of the other literals are true (world .
WRCB) ThlS strategy iS an open World ViCW An empty body is always satisfied — this becomes a fact.
head - (always)

of the program, as there may be a myriad of
other reasons for the street being wet that we
just have not modelled. But this was deemed

counter-intuitive with regards to the target au-
dience, hence we aim for a closed world view.
We characterize the valid worlds for the set
of literals Lp of the program Pas {W | W €
LEAW ¢ P}

Minimal Model Semantics: One solution would be to check for minimality, as the world WRCB
is also valid, but then this would be, in the absence of any facts (or negation), the only valid world.
Taking a hint from Datalog literature [9], we separate the literals into “intensional” literals, the ones
appearing in the head of a rule, and “extensional” literals - the other ones. The extensional literals
form the “database” for our logic program and we want to obtain the minimal models for all possible
extensional databases via the standard consequence operator Tp. In other words, we execute our logic
program for all valuations of the extensional literals in order to obtain values for the intensional literals.
We characterize the valid worlds for the set of extensional literals Ep of the program P as {Ifp(Tp,g’) |
E’ € E3}.

Fixpoint Model Semantics: In the minimal model semantics the ruleset P = {W « R, R « W,C «
B, B < C} has no extensional literals (as all literals appear in rule heads) and therefore the only valid
world is WRCB. Even though, again with regards to the target audience, it might be more intuitive
to have WRCB, WRCB, WRCB, and WRCB as valid worlds. So in this case it might be useful to check
all worlds whether they are a fixpoint w.r.t. to the consequence operator Tp, while also trying out all
possible databases. This basically allows for circular reasoning.

We characterize the valid worlds for the set of literals Lp and the set of extensional literals Ep of the
program Pas{W | W € L%,/\ Wk PATpywng,)(W)) = Wi

Though not implemented, denials of the form L <« B; A -+ A B, are useful across all considered
semantics as a means of excluding undesirable worlds. Their role becomes particularly important under
standard and fixpoint model semantics, where they compensate for the permissiveness by explicitly

Figure 2: Axioms window.




ruling out unintuitive configurations.

4. Game Modes

In the title panel the player can select one of four game modes:

Introduction: This mode shows some details of the universe and what kind of rules we expect
(“When it rains, the street gets wet. If it is not raining, the street stays dry.’), together with a call to
action, in the explanation panel. To check the player’s work, some implications are added below the
introductory text matching the text (R — W, R — W). The goal for the player is to add a set of rules so
that all valid worlds match the expected implications. This may be as simple as copying a rule exactly,
or it may be more complex.

In the farm universe where plants only grow if it is sunny and it has rained (and the farmer is happy
if plants grow), the implications given are “if it’s not sunny and it rained, plants don’t grow”, “if it’s
sunny and it hasn’t rained, plants don’t grow” (and “if it has rained, and it is sunny, and plants grow,
the farmer is happy”). Here the expectation is, that the added rule is “if it’s sunny and it has rained, the
plants grow”.

The player should note how the set of valid worlds changes in the worlds panel when they add or
change rules.

Reconstruction: This mode is about rule
synthesis as well. Though instead of exam-

ple implications, the full set of valid worlds Introduction  Reconstruction sandbox
is shown in the explanation panel (generated € Crakmge1sz >
3 When does it rain?
by a maSter SOluthn Of rules)' The player The rule says: if it rains, the street gets wet. Build a world where it IS raining.
should add rules to cover the given worlds Find words where: (5880

exactly. In the world panel all worlds for the
player’s rules are shown and marked with v'or
X, denoting whether they are correctly or in-
correctly marked positive (true and false pos-
itives). If there are worlds we wrongfully dis-
missed (false negatives), the worlds panel also
shows “X missing”.

This game mode is similar to FOLL-E’s game
mode where examples for positive and nega-
tive robot configurations are shown and it is
the player’s goal to introduce a rule that cor-
rectly distinguishes both sets.

Verification: In this mode the player uses
the literals panel to select a valuation for the
literals. The rule area has rules that may or
may not be ones from the previous modes, while the explanation panel provides an additional constraint
for the worlds (“Build all worlds where it is raining”, see Figure 3). The player’s goal is to find all
worlds that are valid worlds for the given rules and that fit the additional constraint. Whether a world
is correct or not is shown in the worlds panel, where each tested world is added and marked as correct
or incorrect. A text shows “X /Y WORLDS FOUND”.

Sandbox: The player is now allowed to add more literals to the program via the literals panel
(see Figure 1). The explanation panel contains suggestions on what to model next (“Try adding a
‘thunderstorm’ literal and create a rule for when the street floods!”), as well as corresponding example
literals (“thunderstorm” and “street floods”), which may be dragged to the literals panel. The models
panel shows all possible worlds for the defined literals and rules. This list might be exponentially long
in the number of literals, which may get unwieldy. The player’s work is not checked, but they may
explore the program and the resulting worlds at will.

GIVEN RULES

Figure 3: Verification game mode.



5. Trial

The game has been tried out using the author’s 4yr old child (subsequently “the child”) as a test subject.
While sitting on the author’s lap, the semantics of a rule (if and then) and how they can be created was
explained. For each game mode a brief introduction was given and any introductory text read. The
following observations were made:

+ The child had no problem understanding the meaning of the literals and how to use them in rules.

+ The if- and then-areas of the rules were not easily distinguished and the child asked multiple
times to be reminded of which area was which.

+ Dragging and dropping literals between the literals panel and the rules area was intuitive.

« The child could easily recreate the rules from the introductory mode and was interested and
engaged by the changes in the explanation and worlds panel.

» The reconstruction mode was too difficult as the child lost the overview over all the valid worlds
it was supposed to capture. Even if a rule was tentatively established and the worlds panel
showed the evaluation, the child had no idea how to repair a wrong rule, or how to continue
synthesizing rules to capture more valid worlds. Without help it was not clear for the child, how
to (systematically) approach the task.

« The reconstruction task was easily accomplished, as the child understood the rules and was able
to enumerate all the valid worlds systematically.

+ The child easily understood the suggested task in sandbox mode and added the literals from the
explanation panel to the literals panel. The child created rules, was able to explain them, and
observed the valid worlds. The created rules were not always consistent with the real world
though. This might be due to lack of knowledge about causes and effects in the real world.

6. Notes and Conclusion

IMPLY is a first step towards training forward reasoning skills in pre-literate children, skills that later
play an important role in logic programming. The (very small) trial with the author’s child suggests that
the basic mechanics of the game are intuitive: the child was able to understand the meaning of literals,
the use of images as representations, and implication-based rules. However, some game modes proved
too difficult, indicating that additional simplification or scaffolding may be necessary for certain tasks.
For example, the reconstruction mode might be simplified by showing only a subset of the valid worlds
(and invalid worlds, as in FOLL-E) at a time, or by providing hints on how rules could be modified to
capture additional valid worlds. An evaluation with a larger and more diverse group of test subjects
could be of value.

A central design decision concerns the intended meaning of implication in the game worlds. In
the current universes, implication is interpreted causally. For example, in the weather universe, the
intended reading is that the street becomes wet if it rains. Such causal readings appear intuitive for the
target audience, provided that children have developed some understanding of causal relations and
of how the depicted events in a universe relate to one another. It may even be sufficient that children
merely recognize that events can stand in causal relationships, since worlds generated by “wrong” rules
can still be explored and compared. In either case, sensitivity to causal relations develops very early,
classically placed in the second year of development [10], with some studies suggesting understanding
of physical or mechanical causality as early as six months [11].

If we compare the causal reading “If ... happens, then ... happens” of IMPLY to the “If we know ... then
we also know ..” reading of blawx, the simplification and limitations become clear and game universes
need to be designed around such simple readings of the rules. Creating more universes with different
readings for the implication could make it clearer what is easy and what is difficult for that age group.
Though for some readings of the implication it could be more difficult to create appropriate imagery.
It is also unclear whether it is better for the player if the game uses images that show more abstract or
more concrete situations and whether this makes a difference in understanding.



Another important question is the choice of semantics. Great care must be taken to decide on

semantics that are suitable and intuitive for the target audience. Standard model semantics may be too
permissive, while minimal model semantics may in some cases be too restrictive. Fixpoint semantics are
more permissive than minimal model semantics, but potentially harder to explain and computationally
more demanding, since all fixpoints for all databases of a program must be found rather than a unique
minimal one per database. On the one hand, semantics should be chosen according to the intended
learning outcomes and the children’s prior intuitions. On the other hand, it may be preferable to restrict
gameplay to programs for which the relevant semantics coincide, thereby avoiding distinctions that are
likely too complex for the intended audience.
It might be useful using the verification game mode to find out what the target audience actually believes
the semantics to be, specifically concerning the circular reasoning allowed by the fixpoint semantics. “T
am no longer their friend because they are not my friend” is sometimes heard in the author’s household.
Do we expclitly want to exclude circular reasoning because it’s not the semantics we want to convey
and use later on, even though children might intuitionally find these models?

At present, all literals in IMPLY are parameter free. This simplification keeps the mechanics intuitive,
but also limits expressiveness and the complexity of the resulting worlds. Future work could investigate
how parameters may be introduced while remaining accessible for pre-literate children. For example,
constants could be represented by concrete shapes, colors, or other visual cues, while shared variables
might be represented by hooks tied together with a virtual string. If parameters are introduced, the
number of possible databases grows rapidly, raising further questions: how can many worlds be
represented, is full enumeration still feasible, or are abstraction and summarization required? And if so,
which are suitable for the target audience?

Expanding the game language with cardinality constraints is another promising direction, and a
prototype is already included in IMPLY. With a button in the title panel, cardinality constraints can be
enabled; instead of pure conjunction, rule bodies then allow the player to specify a minimum number
of literals that must hold. This makes it possible to express conjunction (“at least n of n”) as well
as disjunction (“at least 1 of n”). For example, the introductory weather rule can be shortened to
W « 1to 3 of {R,C, B}. Since counting is also trained early in childhood, it may be worthwhile to
investigate whether cardinality constraints provide a more natural route to conjunction and disjunction.

Beyond the two current core game modes—reconstruction and verification—many additional
logic-programming tasks appear suitable for gamification. Possible extensions include instantiation,
where players search for suitable rule instances to derive facts bottom-up; provenance, where a Prolog-
style top-down reading of rules is used to build proof trees for target literals; database synthesis,
where valuations for extensional literals must be chosen to achieve a desired valuation of intensional
literals; and minimisation, where players identify and remove superfluous rules or facts implied by
the remainder of the program.

Overall, IMPLY suggests that fundamental ideas from logic programming can be translated into intu-
itive visual interactions for very young learners. While substantial design questions remain regarding
scaffolding, semantics, and scalability, the prototype indicates that pre-literate children may already be
able to engage meaningfully with implication, models, and rule-based reasoning.

Declaration on Generative Al

The IMPLY application presented in this paper was developed with the support of generative Al: Claude
(Anthropic) was used to generate application code, and Google Gemini was used to generate the images
that represent the literals of the game universes. These images are part of the application and therefore
appear in the application screenshots in Figures 1, 2, and 3. Parts of the application code were generated
using drafts of this paper as the specification. During the preparation of this work, the author used
Claude in order to: Formatting assistance. After using these tools/services, the author reviewed and
edited the content as needed and takes full responsibility for the publication’s content.
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