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Abstract

Designing activities when the attention span of participants is short is not an easy task. One solution is to
provide unique experience to participants. This article presents a method for generating a riddle-driven plot
for games and other gamified activities. The proposed method allows to trace progress of a plot and checking
if a generated plot is cognizable by a player. It is also possible to incorporate story volumes into a generation
process. Formal definitions of structures used by the method are presented as well as an example of
expressiveness of its components. The designed method makes checking cognizability of a plot feasible in
polynomial time to the number of plot elements and relations between them.

Introduction

Gamification (also known as gameful design) is a method to increase motivation (Christopoulos and Mystakidis,
2023) which utilizes gaming elements in other context than full-fledged games (Deterding ef al., 2011) . One of
such elements is a story. Games and gamification are successfully (Boyle et al., 2016) incorporated in many areas
aside from pure-entertainment one, starting from education (Gee, 2003; Khan et al.,2017; Shen et al., 2024; Wang
et al., 2022), to interpersonal skills, physical education(Culajara, 2022), entrepreneurship (Alghamdi, 2023; Parola
et al., 2024) and maintaining mental health (Lima et al., 2022; Sailer et al., 2017).

In this article a gaming element that we will be interested in is a story. We will use commonly adopted definition
(Kybartas and Bidarra, 2017) of a story which says that a story consists of a plot and space. By plot we will
conceive events that involve one or more elements from story’s space. This paper will present a method for
generating a plot, carried out as a riddle where we gather observations about the story.

Automatic generating a plot is not an easy task and as of now it requires cooperation between the author (designer)
and a generating tool (Alhussain and Azmi, 2022; Kybartas and Bidarra, 2017) . The process itself is complicated
due to multiple reasons. First and foremost, we want the plot to be embedded in particular world (space). In
general, story’s space is manually crafted and only the plot is (to some degree) generated (Kybartas and Bidarra,
2017) . Multiple storylines or plots may convey the same story from different perspectives (Karth et al., 2022).
Each such perspective must be consistent with the author’s idea. In most cases it is undesirable for the plot to be
fully understood or predicted based on initial interaction with it. We can compare it to puzzles, which may be put
together using only some parts (Smith et al., 2012) . On the other hand, we also don’t want to generate a plot that
can not be fully explored. An example of such a situation is when there is not enough clues to finish an
investigation (Mohr et al., n.d.). Moreover it is highly desirable for a plot to be credible by making its characters
believable. This however requires considering different aspects of human psychology, such as characters believe
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about the world they are and lies they may commit (Ware and Siler, 2021). All of this make plot generation task
complex and time consuming (Mark Owen Riedl and R. Michael Young, 2004). The goal is to make each plot
meaningfully different to others so they will be interesting for players while at the same time all of them will be
restricted to author’s properties. Achieving this goal may increase replayability and immersion (Guo and Lo, 2022;
Rohan et al., 2020) .

Current plot generation methods are based on various techniques such as epistemic logic (Mohr ef al., n.d.),
machine learning (Fernandez-Samillan et al., 2021; Yang et al., 2025), planning algorithms (Mark Owen Riedl
and R. Michael Young, 2004; Ware and Siler, 2021), even physics phenomena (Kim et al., 2025). The methods
described in this article aims to achieve multiple goals. First, it generates a plot which progress is easily tractable.
Second, this method allows authors to incorporate story volumes (Grinblat, 2017) into generated plots. This means
that each plot reveals only a part of the story, for example in the form of characters’ history. This in turn results in
a better understanding of a story after each playthrough.

Proposed Solution

The following method for generating plots has been inspired by Einstein’s Riddle (also known as Zebra Puzzle)
(Gregor et al., 2015). In this riddle elements of six five-element sets are associated using one-to-one relation. A
person who solves the riddle gets fragments of the story indicating the associations. The task is to answer the
question in the form of: which element of a given set is associated with provided element.

Using the taxonomy proposed in (Kybartas and Bidarra, 2017), the method described in this paper belongs to a
group of generating constrained plot with manually authored space. In turn, using the taxonomy presented in
(Alhussain and Azmi, 2022), plot generating method from this paper is one of planning-based models.

The core of proposed method are domains, these are sets gathering distinguishable, yet somehow similar,
elements. A domain may contain people, houses, numbers etc. There may be an arbitrary number of binary
relations between any two domains. Each such binary relation will be defined within this framework as plot’s

information. An example of information between domains: (P)eople and (A)nimals may be a relation 7 Pt
associates a person to animals he or she owns. One of the differences between Einstein’s Riddle and a plot
constructed using this method is that elements may have no associations within information, as well as they can
be associated with multiple elements in other domain. Figure 1 shows a graphical example of information in a
plot. Information between two domains (even if it is the same domain) will be called simple information.
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Figure 1: An example of information in a plot
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Simple information can be composed to create complex information. For example, having three domains: people,
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animals and houses and two simple information: /7 and {ir we can compose then into a new information that can
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be interpreted as “what animals are in which house”. Composition operation will be denoted as ‘iz = I © Ip,
Figure 2 shows an example of complex information.

The first domain in both simple and complex information will be referred to as reference domain. Similarly, the
last domain in information will be called compared domain.



In case plot (or riddle) is uncovered by a player, where associations between elements are unknown the domain
being “uncovered” can be written as a matrix. In this form each row represents an element from reference domain
and each column corresponds to an element in compared domain. These matrices consist of binary variables. If
the value of such variable is equal to 1, it means that there is an association between elements. Similarly, if variable
is equal to 0, then there is no association within this information between corresponding elements. Matrix form
allows to easily trace progress of a plot by simply checking the value of desired variable. The same applies if we
want to check whether plot is fully discoverable or not. An example of composition of information in matrix form
is demonstrated in Table 1.

Table 1: A composition example of information in matrix form

own

<
I4 | Cat Dog Fish

II/} ‘ Cat Dog Fish Cat 0 1 0
Alice | x11 xr12 T13 Dog 0 0 0
Bob | a1 x22 a3 Fish | 1 1 0
Matrix 1: [nformatfsglfmm Figure I as a Matrix 2: Information about which animals are
riddle

smaller than which, in matrix form

own <

I 014 ‘ Cat Dog Fish
Alice T13 T11 + 213 0
Bob Loz To1 + Tog 0

QUL <
. L. A A .. . .
Matrix 3: Composition of I and I's, the result is information which may be seen as
,,animals owned by P smaller than A", where P is an element of People domain, and A is an
element of Animals domain
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Figure 2: An example of complex plot information

Having a plot information, we can define a metainformation, that is information about information. A
metainformation associates a set of associations to elements of some domain. An example of metainformation




cownt oW
may be My (Ip ), which counts number of animals owned by a person. A graphical representation of a
metainformation is depicted in Figure 3 . A part of this metainformation limited to Alice is shown in Matrix 4 .
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Figure 3: Example of metainformation

11 I12 I13 ]\/{g(.{}é)
0 0 0 0
0 0 1 1
0 1 1 2
0 1 0 1
1 1 0 2
1 1 1 3
1 0 1 2
1 0 0 1
Matrix 4: A part o1 metaintormation as a matrix

Chain of associations starting from a given element from reference domain, and ending at compared domain,

. . . . X . .
constructed using some information will be denoted as 1+ (@) In this notation X and Y are compared and reference

domains respectively, and @ € ¥ is an element of reference domain. Such associations will be described as
O own

. . . . A 7A ; .
observations. An example of observations of information Ip s Ip (Alice) = {Cat, DOQ}, which may be seen
as “Alice has a cat and a dog”.

The last element required to create a plot is a hint, which is a pair of observations with an operator indicating how
elements of compared domains are related to each other. Three such operators have been proposed to cover the
following sentences in natural language:

e  arethe same” — denoted as =
e, have nothing in common” — denoted as #

e, are asubset of” — denoted as C



The = operator is used when all elements in both compared domains are exactly the same. Operator # means that
no element in the compared domain occurs in more than one observation. The last operator C is used if all elements
in compared domain of observation on the left-hand side of the operator occur in the compared domain of the
right-hand side of the operator. Additionally, the C operator requires that the compared domain of the left-hand
side observation was not empty.

People ound Animals
I P own
A .
@ Cat I{J Cat Dog Fish
Alice | 11 ®12 13

Bob o] T2 23
Bob Dog Jen 31 392 33
Denis T41 T42 T43

Matrix 5: Plot information from Figure 4
as a matrix
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Figure 4: A plot information for operators usage
example

Using the plot information from Figure 4, and variables from Matrix 5, below are listed example hints and
corresponding logical expressions:

e Bob has the same animals as Denis:

‘;g}inctionalzuaotation logical constraint
I (Bob) = I (Denis) ~ (T21 @ Ta1)A ~ (T22 @ Taz) A ~ (T23 @ Ta3)
e Every animal owned by Denis is also in the possession of Alice:
“functional” notation logical constraint
own own ~ (221 = 1) ~ (Tag = T12)A ~ (T3 = 213)

I (Denis) C I} (Alice
+ (Denis) 7 (Alice) on V Ty V s

e Bob and Jen have no animals in common:

“functional” notation logical constraint
own own
I (Bob) # I (Jen) ~ (w21 Ax31)A ~ (Toz A Ta2)A ~ (233 A 213)

A riddle-driven plot constructed using the above method consists of a set of logical constraints. These constraints
can be transformed into an ILP problem (Brown and Dell, 2007). A plot is fully cognizable if all associations in
every information are known. It means that the plot will be fully cognizable if the underlying ILP problem has
exactly one solution. The number of solutions to the system of equations is equal to the number of lattice points
in polyhedron defined with this equations (De Loera, 2005). Counting lattice points can be done in polynomial
time with generating functions (K6ppe, 2007). LattE (Baldoni et al., 2013) software package allows to check if
the plot is fully cognizable using exactly this approach. If one wants to check not only the cognizability of a plot
but also which associations are yet uncertain the 4ti2 (4ti2 team, n.d.) software package is suitable to do so.

Example Plot

The following example aims to demonstrate the expressiveness of the proposed method, and not a fully-fledged
plot.

The background of the plot is as follows: there are 3 balls in a box with numbers from 1 to 3 assigned to them. A
boy and a girl could have taken any number of balls, including none. Each ball could have been taken regardless
of other person choice.



The plot consists of three domains: people, and two domains with numbers. The first numbers domain contains
numbers from 1 to 3, and the second from 0 to 6. Domain with people has two elements: boy and girl. There are
five information types available in the plot:
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- who has taken which balls, no association means no ball taken;

1 JQI - which element of domain Numbers is smaller than which one (a partial order);
min

ng (I g ) - avalue of smallest ball taken out of the box;
SUIm

Mfﬁ (I g) - a sum of values of balls taken out of the box;
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Figure 5: Overview of domains and information used in the example plot

The following are hint templates available to a player:

Sum sum
TSNy, — ATS(TNY.
Mp(Ip(x)) = Mp(Ip(y)). the sum of balls taken by person x is equal to the sum of balls taken
by person y;
3 sSum S sum
IS (TN (. j N,
A'IP (IP (3)) # ﬁ‘/IP (IP (U)) - the sum of balls taken by person x is not the same as the sum of
balls taken by person y;
count count
7S TN 7SN
ﬂ’IP (IP (93)) # AIP (IP ('U)) - the number of balls taken by person x is not equal to the number of
balls taken by person y;
count count
7S TN _ ArS(TN
Mp(Ip (x)) = Mp(Ip (Y)) - the number of balls taken by person x is equal to the number of
balls taken by person y;
min min <

NN TN TN N
Mp (Ip (z)) C Mp (Ip(y)) © IN - the smallest ball taken by x is smaller than the smallest ball
taken by y.



Before gameplay or gamified activity begins, a plot is constructed behind the scenes. During a gameplay, player
encounters some hints that are instantiated from the above templates. The plot is fully cognizable from the
following hints:

sum sum

SN 7SN :
Mp(Ip (Boy)) = Mp(Ip (Girl))_ the sum of balls taken by the boy is equal to the sum of balls
taken by the girl;

count count

7SN 7SN :
Mp(Ip (Boy)) # Mp(Ip (Girl)) _ the number of balls taken by the boy is not equal to the
number of balls taken by the girl;

man man <

NN fN /TN : N
Mp (IP (BOY)) C Mp (IP (Glrl)) oly. the smallest ball taken by the boy is smaller than the
smallest ball taken by the girl.

Having the above hints, a player can fully infer all associations between elements within the plot.

Final Conclusions

This article presents a method for generating a riddle-driven plot that can be used in both games and gamified
activities. It is designed for traceability of progress and allows to easily check if a generated plot is fully
cognizable. Components of this method can be described using both graphical notation, as well as a set of matrices.
The directions for future work include a method for validation if the manually crafted set of hint templates is
sufficient to make plot cognizable. Additionally, the method can be extended to produce false hints. This way a
generated plot could be used as a tool for learning how to deal with misinformation, which is so important
nowadays. The last thing to consider is to extend this method so that not only plot is generated, but also elements

of space.
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