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A health point-based dynamic difficulty
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Abstract. Commonly, video games make a clear division on the dif-
ficulty offered (e.g. Easy, Medium, Hard), causing that players often
do not experience what game designers intended. In this document, we
propose a dynamic difficulty adjustment strategy for health point-based
video games based on a heuristic evaluation performed at play time. This
means that a video game may change its difficulty based on players’ per-
formance while they play. To test our strategy, we implement a fighting
video game and perform an evaluation with 10*" grade students from
Institucion Educativa Multipropdsito. Based on our results, the students
considered that the game is balanced, suggesting that this strategy is a
viable choice to implement and test in other video games.

Keywords: Video games - Dynamic Difficulty Adjustment - Heuristics.

1 Introduction

Game balance is key to provide a fun and engaged experienced to players [2].
It is defined as a state where the game is fair for a player, providing him/her
with challenges that match their skill. Commonly, video games make a clear
division on the difficulty offered,e.g. Easy, Medium, Hard, being these difficulties
subjective and unclear, specially to new players. Therefore, players do not often
experience what game designers intended. On the other hand, there are video
games that have a single difficulty, to deliver the intended experience designed.
In some cases, causing players to quit because it is too hard.

In this document, we propose a dynamic difficulty adjustment strategy com-
posed of two components: a playing agent with multiple difficulties and a heuris-
tic function that swaps between them by measuring players’ performance. To
test our strategy, we implement a fighting video game and perform a Player
Experience (PX) evaluation. The results show that the students considered the
game is balanced and each component of the strategy serves its purpose.

2 Methodology

Our Dynamic Difficulty Adjustment (DDA) mechanism is based on the work
done by [1] and [3], and extended to support more video games. It is composed
of two core components: a heuristic function and a playing agent with multiple
difficulty levels that will be swapped based on the heuristic value.
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2.1 Playing Agent

The playing agent is the character players face during their play-through. This
agent has difficulty levels that are interchanged based on a heuristic. A playing
agent should have at least three difficulties: easy, intended, and hard.

The most common types of agents are Finite State Machines (FSMs) which
allow an easy difficulty adjustment since FSMs rely on parameter values that
can be changed to increase or decrease the difficulty.

2.2 Heuristic Function

A heuristic function is in charge of selecting the difficulty of the agents a player
will face. To address this task, we identify two different scenarios: an immediate
evaluation and a episodic evaluation:

The immediate heuristic function measures the aggression of a player using
a proportion of the character’s Health Point (HP) difference. Eq. 1 shows the
proposed heuristic’s equation.

_ PHP. EHP, (1)
- PHP,, EHP,

H(PHP.,EHP, PHP,,, EHP,,)

H € [-1,1] and it is calculated every T time-steps. PHP., PHP,,, EHP,,
FEHP,, are the current and maximum HP levels for both characters. H = 1
means the player has won and vice versa. The goal is to keep H ~ 0, meaning
that both characters have similar HP such that they reach the end of a fight in
similar conditions. For each difficulty level, different selection intervals need to
be established to switch between them. For example, for three playing agents,
the intervals would be: [-1, —a), [—«, a], and (o, 1].

The episodic heuristic function measures how well a player has performed in
the past levels, or gameplay episodes, of a video game. This heuristic’s equation
is shown in Eq. 2.

H(P) = Count(Successful episodes) — Count(Player's deaths) (2)

H is calculated after an episode has finished, H € Z. The count of successful
episodes and player’s deaths are natural numbers, including zero. If H > 0,
means a harder difficulty should be selected and viceversa. An episode can be
interpreted as a level, task, enemies defeated, among others, depending on the
game.

3 The Forest of the Guardians

The Forest of the Guardians is a 2.5D fighting mobile video game developed to
test the DDA proposed. The game consists on a 1 Vs. 1 fight against an agent.
The agent uses a FSMs with three difficulty levels and the immediate heuristic.
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3.1 Finite State Machine

The enemy uses a FSM that has four core combat states, described below:

— The base attack state casts k long-range attacks in the direction of the player.

— In the move towards the player state, the agent moves towards the player.

— The melee attack state is triggered once the agent is close enough to the
player’s character.

— Finally, in the move away state, the agent moves to the farthest corner/wall
from the player’s character. While in this state, if the player’s character is
close enough, the agent will transition to the melee attack state.

3.2 Difficulties

The three levels of difficulty proposed are: easy, medium, and hard difficulty. All
of the FSMs variations have the same parameters. The parameters are shown in
Table 1. These values were chosen experimentally.

Table 1: Difficulties’ parameter values

Difficulty Attack  speed  (at-|Movement speed|Armour points
tacks/second) (units/action)

Easy 0.8 4 0

Medium 1 6 2

Hard 1.5 6 5

4 Strategy Evaluation

4.1 Participants

Nineteen 10*" grade students from Institucién Educativa Multipropdsito were
involved in the evaluation process (58% are males and 42% are females). All the
students were asked to play the game once. The students’ age ranged from 15
to 18 years-old (Mean = 16.5, SD = 1.3).

4.2 Methods

Player Experience Inventory is a standardised questionnaire proposed by [4].
Player Experience Inventory (PXI) incorporates two sub-scales: the functional
level, which evaluates the dynamics situated at the usage level, i.e., immediate
consequences experienced; and at the psycho-social level, i.e., which exceed the
usage level and focuses on the consequences at the psycho-social level.

4.3 Results and Discussion

Immersion presents positive results: 73.7% of students were not aware of their
surroundings, 79% were immersed in the game, and all of the students were
focused on the game. Even though there was another student playing another
video game, students were focused on the fight; indicating that the Flow channel
was achieved in some of them.
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Challenge This dimension presents positive results, 63.1% of the students con-
sidered that the game was not too easy nor too hard to play; the remaining stu-
dents show a neutral agreement. Similarly, 73.8% agree that the was challenging
but not too challenging; the remaining students have a neutral agreement.

Besides from the questions, a 74% win-rate is reported and an average re-
maining HP of 26%. Even though the remaining HP is low, which is one goal of
the heuristic, the high win-rate shows that the game was probably too easy.

Considering these results we can argue that the game is considered balanced
by a group of students. This means that the difficulty level assigned by the
heuristic is adequate.

5 Conclusions and Future Work

As a result of this work, a dynamic difficulty adjustment strategy for HP-based
video is proposed, including two heuristics that address different scenarios. One
of the heuristics proposed was implemented in a video game and tested by 10"
grade students. Our results show that students considered the video game bal-
anced, therefore it might provide a solution to motivate students to play a video
game. In general, this strategy may be a viable solution to implement in other
scenarios and video games. However, to fully establish if the strategy motivates
students, longer evaluations with students are needed to corroborate that fact.

Based on our results, the immediate heuristic served its purpose: get both
player to low health at the end of the fight, averaging a 26% HP remaining at
the end of the fight. However, we are aware that the players’ win rate is still too
high (74%) implying that the FSM used was probably too easy for players.

As future work, longer evaluations are needed to validate if the proposed
balancing strategy motivates students to play the game in the long-term. More-
over, the episodic heuristic should also be tested. Additionally, combining both
heuristic functions is still a task to do.
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