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Abstract

In games, as in many other domains, design validation and testing is a significant
challenge as systems are growing in size and manual testing is becoming infeasible.
This paper proposes a new approach to automated game validation. Our method
leverages a data-driven imitation learning technique, which requires little effort
and time and no knowledge of machine learning or programming, that designers
can use to efficiently train game testing agents. We investigate the validity of
our approach through a user study with industry experts. The survey results
show that ours is indeed a valid approach to game validation and that data-driven
programming would be a useful aid to reducing effort and increasing quality of
modern playtesting. The survey also highlights several open challenges. With the
help of the most recent literature, we analyze the identified challenges and propose
future research directions suitable for maximizing the utility of our approach. For
a video compilation of the results please visit https://go.ea.com/kiwil

1 Introduction

Digital gaming has evolved from a fringe pastime into a main-stream, multi-billion dollar industry
reaching 2.7B players in 2020 and with a yearly revenue of $159B [[16] that dwarfs many other enter-
tainment industries. Modern games are often enormous and grow exponentially in size, complexity,
and asset count with every iteration. Making games is a complex endeavour that can often involve
thousands of developers, costing on the order of hundreds of millions of dollars. To ensure that a
game plays as intended, and that each of its components work together, every time a level or level
area is created or modified, there is a need for gameplay validation. Playtesting is one common
procedure for assessing the quality of games. Testers check whether the game is complete, if it is
fun and sufficiently challenging, or if it has problems like bugs or glitches. The process of game
validation and testing is usually done either by an in-house quality verification (QV) team or by
internal and external designated human testers. However, manual playtesting does not scale well with
the size of games and turnaround time — the time between game design and feedback — is often long.
To be effective, game validation should be performed as early as possible and ideally by those who
actually create the content that requires testing: the game creators. For manual game testing, this is
often limiting as bringing in human playtesters is expensive and inefficient. With automated game
validation, it would be possible to bring in game playing agents directly into the development phase.

Recently, automated playtesting and validation techniques have been proposed to mitigate the need
for manual validation in large games. Automated gameplay testing offers a fast and relatively
cheap solution for testing games at scale, and this is often done by crafting model-based bots [45]].
Another proposed solution from recent research is to train self-learning agents with reinforcement
learning [18} 142} |17]. However, both of these approaches suffer from several drawbacks. Model-based
agents, typically bots with hand-crafted behaviors (i.e. achieved by scripting), require a certain level
of domain knowledge and programming skills that game designers do not necessarily have. Moreover,
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the lack of generalization in this method might render the agents unusable if changes are made in
the game environment. Reinforcement learning agents, on the other hand, can not only learn to
play the game without scripting but can also be easily retrained when the environment changes.
However, reinforcement learning is sample inefficient and arguably requires a high level of expertise
in machine learning to be effectively used (e.g. for properly crafting a well performing reward
function). Reinforcement learning in general provides a low level of controllability as the agents
will try to exploit the environment regardless of the intentions of the designer [34,[26]]. Additionally,
making a game compliant with a reinforcement learning training setup is a considerable engineering
effort potentially requiring intrusive changes to the game’s source code.

In this position paper we propose a data-driven
approach for creating agent behaviors for auto-

[
mated game validation (illustrated in Figure/[T). N
Unlike methods where agents are manually Lo
programmed or scripted, our method uses im-

itation learning, in particular the DAgger al- Trainer
gorithm [37], to clone the behavior of the user. T
With this, we can leverage developer exper-

tise while at the same time not requiring addi-

tional knowledge of programming or machine ‘ """"" > g -
learning. The feedback loop for the designers
can therefore be rapid with a more efficient
creation process than having to wait days or
sometimes weeks for manual playtests. This
study is made to either validate or refute above
claims. The research questions we are focus-
ing on are: Can imitation learning be used as
an effective game design tool? What improve-
ments and research are needed to maximize its
value as a tool? To explore this, we showcase
the possible use cases for which level designers could use our approach. Further, we report on
results from survey that explores how our method satisfies the requirements previously mentioned
and gauges the interest in such a tool by professional developers. Based on the answers from the
survey, we propose future research directions for improving game validation with imitation learning.

Developer Demonstrations

Figure 1: Our approach lets designers perform au-
tomated game validation directly during the design
phase. The training is interactive as the algorithm
allows designers to smoothly switch between design-
ing the level, providing gameplay demonstrations,
and getting feedback from the trained testing agents.

2 Related Work

Several studies have investigated the use of Al techniques for automated playtesting. Many of these
works rely heavily on classical, hand-scripted Al or random exploration [45] 23| |6]. Mugrai et al.
[33] developed an algorithm for mimicking human behavior to achieve more meaningful gameplay
testing results, but also to aid in the game design process. Several approaches from the literature
are based on model-based automated playtesting. Iftikhar et al. [25] proposed a model-based testing
approach for automated, black-box functional testing of platform games, and Lovreto et al. [31]]
reported their experience with developing model-based automated tests for 16 mobile games. Other
notable examples of model-based testing can be found in [44] 39, |8, 48]]. However, when dealing
with complex 3D environments these scripted or model-based techniques are not readily applicable
due to the high-dimensional state space involved and poor generalization performance.

In parallel, many other works have used Reinforcement Learning (RL) to perform automated playtest-
ing [36]. Zheng et al. [51] proposed an on-the-fly game testing framework which leverages evolution-
ary algorithms, deep RL and multi-objective optimization to perform automated game testing. Agarwal
et al. [1] trained reinforcement learning agents to perform automated playtesting in 2D side-scrolling
games, producing visualizations for level design analysis. Bergdahl et al. [4]] proposed a study on
the usefulness of using RL policies to playtest levels against model-based agents, while Gordillo
et al. [L8] used intrinsic motivation to train many agents to explore a 3D scenario with the aim of
finding issues and oversights. Finally, Sestini et al. [42] proposed the curiosity-conditioned proximal
trajectories algorithm with which they test complex 3D game scenes with a combination of IL, RL
and curiosity driven exploration. However, RL is known to be sample inefficient and leaves little
control to the user over the final behavior of the policy [42, 34]].
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Figure 2: (a) Example of a semantic map used by the agent. Each cube describes the semantic integer
value of the type of object at the corresponding position relative to the agent. (b) Overview of the
environment used in this study. (c) Overview of the model architecture employed in this work.

Human-In-the-Loop Learning (HILL) refers to the practice of leveraging humans interactivity in the
learning process of an RL agent [27]]. This is often done through Imitation Learning (IL), that aims
to distill a policy mimicking the behavior of an expert from a dataset of recorded demonstrations.
Standard approaches are based on behavioral cloning that mainly use supervised learning [3}, 28],
while more advanced and computationally demanding techniques, like generative adversarial imitation
learning, make use of adversarial training [22] 35 [14]]. Most of the work done in the field of HILL
focuses on creating more capable and sophisticated models using human interactivity [19] 49} [13].
However, few approaches have applied IL to game testing agents. The Reveal-More algorithm uses
demonstrations to guide exploration, although it does not use a learning algorithm [6]. Zhao et al. [50]
used an approach similar to behavioral cloning in which gameplay agents learn behavioral policies
from the game designers. Harmer et al. [21] trained agents through a combination of IL and RL
with multi-action policies for a first person shooter game. With IL we can leverage the designer’s
domain knowledge of the game, thus effectively adding HILL for controllability. Not only can we
demonstrate the intended behavior, but also even correct it using new demonstrations with little
additional training time. Compared to scripted behavior, IL provides the same level of generalization
as RL. Compared to both RL and model-based bots, HILL calls for no or limited theory knowledge
or programming skills as designers only have to demonstrate what they want the IL agent to do. With
that said, we believe that IL is a better approach to game validation than the cited approaches.

3 Proposed Approach

Here we describe our approach to exploring the potential of data-driven methods for direct gameplay
validation to designers.

Algorithm. We use an IL approach based on the DAgger algorithm [37], as shown in Figure [T}
DAgger allows designers to train agents interactively by actually playing the game. The core of
the algorithm is to let designers seamlessly move between designing the level, providing game
demonstrations and getting feedback from trained testing agents. Our approach requires little training
time and is more sample efficient than the baseline methods, as we see in Sectiond] Designers can
also provide corrections to faulty agent behaviors, resulting in a continuous and rapid feedback loop
between designers and agents. Providing corrections is as easy as taking the controller back and
playing the game one more time. Once they are satisfied with agent behavior, designers can stop
providing demonstrations and watch the agent validate the game. Developers can then make any
kinds of design changes and wait for agent feedback without recording any new demonstrations.

State Space. For the approach to be effective, it must be as general as possible in order to adapt
to the many different game genres and scenarios that designers may construct. Since 3D movement
often is a crucial gameplay element of modern video games, we focus on finding the best state
representation taking this into consideration. This approach, with minor observation tweaking, will
transfer well to similar, but contextually different game modes. For setting up a behavior, developers
define a goal position in the game environment. The spatial information of the agent relative to the
goal is composed of the R? projections of the agent-to-goal vector onto the XY and X Z planes
as well as their corresponding lengths normalized to the available gameplay area. We also include
information about the agent indicating whether it can jump, whether it is grounded or climbing, as



well as any other auxiliary data expected to be relevant to gameplay. The user also specifies a list of
entities and game objects that the agent should be aware of, e.g. intermediate goals, dynamic objects,
enemies, and other assets that could be useful for achieving the final goal. From these entities, the
same relative information is inferred as for the main goal position relative to the agent. Lastly, the
agent also has local perception. A semantic map is used similar to the one used by Sestini et al. [42]]
which is general and performant. We illustrate an example of such a semantic 3D occupancy map
used as input to the networks in Figure 2] This map is a categorical discretization of the space and
elements around the agent, and each voxel in the map carries a semantic integer value describing the
type of object at the corresponding game world position. The settings of the semantic map can be
configured by the designers.

Model. We build the neural network 7y with parameters 6 with the goal of being as general and
reusable as possible. The way we define the structure of the network is to fundamentally allow a
higher level of usability by game designers. First, all the information about the agent and goal is
passed into a linear layer producing the self-embedding z, € R?, where d is the embedding size. The
list of entities is passed through a separate linear layer with shared weights producing embeddings
7., € R?, one for each entity e; in the list. Each of these embedding vectors is concatenated with
the self-embedding, producing zae, = [Ta, Te, ], With Zye, € R24. This list of vectors is then passed
through a transformer encoder with 4 heads and final average pooling, producing a single vector
2, € R2?, In parallel, the semantic occupancy map M € R**$** is first fed into an embedding
layer, transforming categorical representations into continuous ones, and then into a 3D convolutional
network. The output of this convolutional network is a vector embedding xy € R? that is finally
concatenated with x, and passed through a feed forward network, producing an action probability
distribution. The complete neural network architecture is shown in Figure 2]c).

Given a demonstration dataset D = {7; | 7; = (s, af, ..., s, ak, ), i = 1,.., N} of N trajectories
7;, each composed of a sequence of state-action pairs (s%, a} ), we update the network following:

arg moaxE(S’a)ND[log mo(als)]. (1)

This objective aims to mimic the expert behavior which is represented by the dataset D.

4 Experiments

In order to evaluate the performance of our approach, we define a set of use cases that resemble
typical situations that game designers face in their daily workflow. In Table[I} we report quantitative
results for each use case, comparing our approach to the RL baselines described below.

Environment. The environment used in this work is shown in Figure [2(b). It is a 3D navigation
environment with procedurally generated elements. The environment is purposefully built like a
mutable sandbox which can offer scenarios where a designer’s level design workflow can be simulated.
Users can add and change the goal location, agent spawn positions, layout of the level, location of
intermediate goals and the locations of dynamic elements in the map. In this environment, the agent
has a set of 7 discrete actions: move forward, move backward, turn right, turn left, jump, shoot, and
do nothing. In addition, the agent can use some interactable objects located around the map.

Training Setup. We compare our approach to two main baselines: Base-RL and Tuned-RL, both
trained using the PPO algorithm with identical hyperparameters [40]. Base-RL utilizes a naive
reward function that gives a positive, progressive reward based on the distance to the goal. For
Tuned-RL, a hand-crafted, dense reward function is used that is instead designed to lead the agent
along a path, reaching multiple sub-goals before the final main goal. We use the same settings for all
subsequent experiments. For each of the methods, we are interested in: the success rate of the agent
(i.e. how many times it reaches the goal), training time (i.e. the time it takes to reach that success
rate), generalization success rate (i.e. the success rate of the same agent in a different version of
the environment), and imitation metric (i.e. how close the trajectories made by the agent are to the
demonstrations). For the latter, we use the 3D Frechét distance between the agent trajectories and the
demonstrator ones.

Use case 1: Validating Design Changes. For the first use case, we investigate wheter an IL agent
can validate in real-time the layout of a level. The goal in this experiment is to train an agent to follow



Figure 3: (a) Screenshot of the “Validating a Complex Trajectory” use case. (b) Screenshots of the
“Navigation” use case. (c) Screenshot of the “Validating a Complex Trajectory” use case.

human demonstrations, then to change the level and see how the agent adapts to these changes. This
will give developers a glimpse into the usefulness of our proposed approach when they are still in
the design process: they can see how players would adapt accordingly to modifications in the level
layout. In Figure[3(a), we give the details of the use case. The agent is tasked to navigate to a goal
hidden behind a door that can be opened by interaction with a button. After training the agent, we
test it by removing and adding new elements to the level. We argue, with the support of Table[] that
IL is more suitable than RL for use cases like this. IL is generally significantly faster than RL, and at
the same time it gives the user much more control over the final agent behavior as the agent can be
guided via demonstrations. As seen in this table, we could improve controllability and training time
of the RL solution (e.g. Tuned-RL), but this requires reward shaping, which is a very difficult task —
especially for non-experts in machine learning [26]. Moreover, defining a suitable reward function
requires many adjustment iterations to the training setup that decreases the overall efficiency of the
system. It is evident from the table that IL gives the same level of generalization as RL and it adapts
easily to slight variations of the same environment.

Use case 2: Validating Complex Trajectories. For this use case we train our agent to reproduce
a complex trajectory as shown in Figure [3(b). The agent has multiple intermediate goals: use the
elevator, interact with the button to create the bridge, destroy a wall by shooting it, and arrive at the
goal location. Here we are not interested in generalization, but only in the ability to replicate the
expert behavior as quickly and closely as possible. In Table[I] we see how our interactive approach is
much more suitable for our goals compared to the baselines. As the table shows, it takes a lot of time
for the RL agent to train, which is problematic as efficiency is a key requirement. Even the Tuned-RL
baseline is much more time consuming than our approach. Moreover, the RL agent will exploit the
environment without taking into account the real intention of the designer. An interesting finding
here is that the RL agent has found a different way to get to the goal location, which is not desirable
for this specific use case but would be very useful for exploit detection.

Use case 3: Navigation. Navigation is one of the fundamental aspects of many modern video
games. The traditional scripted way to handle navigation is to pre-bake and use navigation meshes
in combination with classical pathfinding algorithms. However, using a navigation mesh becomes
intractable in many practical situations, and we thus must compromise between navigation cost and
quality. This is achieved in practice by either removing some of the navigation abilities or by pruning
navigation mesh connections [2]. Moreover, every time designers change something in the layout, the
navigation mesh needs to be regenerated. For this use case, we consider a complex navigation task
where the agent has to navigate through a city that the designers have not completely finished yet. To
simulate this, we first record demonstrations in an unfinished city, and then we evaluate the trained
agent within a test city that changes every 2 seconds until it reaches the goal location. A screenshot
of this use case is given in Figure[3|c). Similar to the second use case, we want the agent to always
follow the same path that is demonstrated. Table[T]summarizes the results. Since the city environment
is large, training agents with RL would take a lot of time compared to guiding them along the correct
path. Moreover, even if they enjoy a similar level of generalization, the corresponding RL agents will
try to explore the environment finding different ways to arrive at the goal location. The Tuned-RL
baseline, however, achieves slightly better results in this case. We must reiterate that this baseline is
infeasible to replicate by a designer as it needs a specific reward function and many iterations. Even
then, the overall result is not very different from our approach. As shown by the results from these
experiments, the combination of these elements is more easily achievable with IL rather than RL.



Use case 1
Success T Time | Generalization 1 Imitation |
Ours 0.951:0.00 0.02h 0.96 005 684L034
Base-RL [0.91+£0.02 5.00h 0.9040.00  8.37+0.27 _
Tuned-RL[0.95 +0.00 4.48h 0.90+0.02  8.13+0.20 Mean Median Std
Use case 2 Imitation 456 4.00 1.63
Success T  Time | Generalization 1 Imitation | Generalization 6.50 7.00 0.73
Ours 0.90£0.02 0.06h - T73L1.10 Exploration ~ 6.81 7.00 0.40
Base-RL 10.00 40.00 1818 h - 28.11 + 0.41 Personas 587 600 131
Tuned-RL |0.92 + 0.03 13.56 hl-qu — 9.53 +1.37 Efficiency 550 550 121
Success T Time | Generalization 1 Imitation | Controllability 4.18 ~ 4.00 1.68
Ours 081 £0.08 0.22h 0.78£003  46.07 £ 1.03 Feedback 6.00  6.00 0.96
Base-RL [0.00+£0.00 16.49h 0.0040.00  80.2240.53 Fine tuning 562 6.00 150
Tuned-RL|0.86 + 0.05 4.12h 0.87+0.03 16.79+2.12 Interpretability 6.50 7.00 1.03

Table 1: Quantitative results of our experiments. All Table 2: Survey results from char-
values refer to the mean and standard deviation over acteristics questions. Participants
5 training runs. For a complete description of the could assign a value between 1 and
use cases and baselines, see Section 7 to each of the categories.

5 User Study

We performed a qualitative user study in the form of an online survey [H with professional game and
level designers, not only to assess validity and desirability of using our proposed approach but also
to identify open opportunities for improving automated game validation. The data for the survey
were collected from participants recruited using snowball sampling. Subjects were recruited among
different game studios of varying sizes, with different background knowledge and workflows. The
survey is composed of Likert questions with some additional open questions. We also let participants
provide additional feedback to individual questions.

The survey was divided into four sections: the first asks participants of some background information;
the second asks them about their current game validation workflow, in particular if they use manual
or automated playtesting; the third, being the main part of the survey, asks participants what they
think about our solution, if they would use it in their games, what characteristics an agent/approach
like this should have to help them in their game and level design work, if they think IL would help
them create better games; and the fourth contains optional questions about possible use cases and
future directions they see that we had not considered.

Since one of the main focuses of this paper is to assess what improvements and research are needed
to maximize the value of using our proposed approach, one important question in the third section
of the survey asks participants to evaluate various characteristics that an agent should display for
automated content evaluation. These characteristics are: Imitation - the agent can exactly replicate
the demonstrations; Generalization - the agent can adapt to different variations of the same situation;
Exploration - the agent can explore beyond the demonstrations and find bugs and issues; Personas -
the agent can have different types of behaviors; Efficiency - the agent must use as few demonstrations
as possible; Controllability - having control over the agent behavior vs complete autonomy; Feedback
- the agent gives feedback when the amount of demonstration data is enough; Fine funing - behaviors
can be fine tuned after initial training; Interpretability - the agent can inform when and why it fails.

6 Survey Results

We received a total of 16 survey responses. The majority (71.4%) of the participants have more than 5
years of experience in level design, with a median of 7.5 years. All the participants are level, game, or
gameplay designers. The general machine learning knowledge of the participants range from very low
to low. 83.3% of the respondents do not use automatic playtesting and they rely on external people or
systems for their validation. 72.2% of designers never rely on automated playtesting and only 38.9%
have used at least once a scripted automated method in their daily work. They work on different
game projects and game genres and they use different tools in their level design workflow, but all
respondents have knowledge of game engine editors. The general feeling is that designers would very
likely use a tool like this as “it definitely would be useful to speed up the typically time consuming

'A video describing what was shown in the survey is available at: https://vimeo.com/754718818/
011e28a122|
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iterative design process” and “a method like this can definitely speed up iteration, which is one of
the main things any designer spends a lot of time”. Moreover, they can relate to the demonstrated
example as “it is not quite like how designers are building their levels, but it is not far off” and they
think the examples shown are “realistic for some games such as platformers”.

Participants acknowledge the usefulness and the potential of the demonstrated method, even if it
would need the proper adaptations for handling the specific game genre they are working on. Further,
81.2% of the respondents agree that automated validation of the level directly in the game editor is
useful and 93.0% of them think the demonstrated agents could be useful for assisting in validating
their content. Many respondents (41.1%) agree that a method like this adds value compared to
scripted agents and some of them (23.5%) think it could completely replace scripting.

Some designers are skeptical about the complexity of the examples shown in the survey and they
would like to see how well the approach works in more complicated games. One participant says
that “[he is] wondering about how effective this would be in genres that are more complicated
mechanically”. This was expected due to the preliminary nature of this study and that we do not
cover every genre but focus on a few. However, a larger group (81.2%) think that complexity was
high enough which reinforces the notion that the environment is relevant to a significant part of the
community. Designers also describe the challenges of using such a tool in their daily workflow: one
argues that “human players play very differently than bots, can be difficult to only rely on AI when it
comes to testing” or “demonstrations take time, which would push busy level designers to not use it.
Demonstrating how to solve specific issues — e.g. recover from a mistake — should not be on the level
designer”. Not all game creators are fully convinced by the approach because “the demonstration
video showed a process that does not really show a level designer anything new or unexpected”.

After describing their doubts, we asked participants to evaluate each of the characteristics delineated
in the previous section to specify which ones are the most important to improve the approach. Table
[2] summarizes these characteristics ratings. We claim that these results bring much value to our
research: not only do we know that our initial hypothesis is supported by professional designers, but
we also what they really want and why they are skeptical of using such an approach. This is important
because, as we will see in Section[7} the values in Table [2] form very precise research directions that
we encourage all of the game research community to consider in future contributions to this field. We
give complete details on the survey results in Section |C|of the Appendix.

7 Future Directions

Here we propose research opportunities discovered by interviewing experts in the field. With this,
we want to lower the bar for researchers who would like to contribute, expand, and/or improve the
proposed approach, ultimately driving the research, and therefore the industry, forward.

Generalization. One of the most important requests is to have an agent that not only imitates
expert behaviors, but that is more representative of the unpredictable nature of players. With our
proposed general purpose neural network and state space we mitigate this problem, but in many
cases agents trained under one set of demonstrations are not able to adapt to larger variations [24].
Generalization as a subject in self-learning agents has already been addressed in the literature, but
the state-of-the-art approaches are not readily applicable for our purpose: most of them use either
interactions with the game [22} 14} 46| or learn the inverse dynamics of the environment [32]. A
possible future direction is to try data augmentation techniques used in offline reinforcement learning
algorithms such as the work done by Sinha et al. [43]. Offline reinforcement learning has several
connections to behavioral cloning [15]. It learns a policy using a pre-defined dataset without direct
interactions with the environment, but in contrast with IL that supposes the data comes from an
optimal policy, offline reinforcement learning can also leverage sub-optimal examples. This leads to
trained agents being more general and allows a higher exploration level. With all this considered, we
argue that generalization is far from solved for this use case.

Personas. One recurring feature requested by survey participants is the possibility of training
the model for different behavior types, or so called personas. The aim is to have various behaviors
similar to the multi-modal nature of how humans play, in order to create more meaningful agents.
The research community has addressed the problem of creating personas many times, but exclusively
in RL contexts. Works from de Woillemont et al. [9], Roy et al. [38], and Sestini et al. [41] have



explored how to combine behavior styles with different reward functions which is not applicable to IL.
The work by Peng et al. [35] is an example of how to combine IL and RL to create different animation
styles. More research into training for different playstyles with only IL would allow designers to train
more meaningful and diverse testing agents for validating gameplay in different ways.

Exploration. Participants frequently brought up the exploration aspect, i.e. the ability of agent
to look beyond expert demonstrations in search for overlooked issues. Exploration is a well known
problem in the RL literature [}, but exploration in IL is, to our knowledge, largely unexplored. This is
mainly due to the conflicting nature of an agent that must both learn to, more or less, precisely follow
the expert demonstrations as well as explore beyond the expert behavior. Moreover, we would not
use exploration to improve agents in the validation context, but we would like to exploit exploration
to find bugs. Sestini et al. [42] provided a good example of how to leverage both IL and RL to train
agents to both follow demonstrated behaviors but also to explore in search for issues. However, this
type of solution is still too sample inefficient to be used as an active game design tool.

Usability. The usability aspect is one of the most important for participants. This includes both
providing useful information to designers about the models they are training, and the ease-of-use
of the tool. Recent techniques from the explainable RL [10] research community could be used
to address the challenge of interpreting behaviors of the agent. To improve upon this, one can
use techniques from game analytics research and gameplay visualization [47, 42]. Additionally, a
sentiment found in the survey is that for a tool like this to be usable, there is a need to minimize the
effort imposed on the end-user. To address the latter, few-shot IL is an active topic that can potentially
help to reduce the number of samples required. Works by Duan et al. [[11] and Hakhamaneshi et al.
[20] specifically addressed this problem within IL, mainly exploiting meta-learning techniques [12].
However, these approaches require many preliminary training iterations and it is unclear how this
could be applied to a game in development that is unstable and not yet finished. One way to both
improve the agent’s quality and the usability of the tool is to leverage the already cited offline
reinforcement learning techniques [29} 7, 143]]. We can leverage the recording process to not only
store demonstrations, but all other interactions the agent performs while testing the level.

Multitiple Agents. Many designers noted that most modern video games are multi-agent systems,
and in order to thoroughly test these environments we need to train multiple interacting agents. Most
of the current research in IL focuses on single agents learning from a single teacher. There are a
few examples of multi-agent IL. Harmer et al. [21] used IL in a multi-agent game, but they do not
really address the problem of a multi-agent system, while Le et al. [30] proposed a joint approach
that simultaneously learns a latent coordination model along with the individual policies. We believe
there is still a long way to go for meaningful multi-agent IL, especially for this use case, and we
encourage researchers to follow this research direction.

8 Conclusion

In this position paper we claim that data-driven programming via imitation learning is a suitable
approach for real-time validation of game and level design. We propose an imitation learning
approach and we investigate its performance, focusing on three different design validation use cases.
Our experiments demonstrate how this type of approach can satisfy many of the requirements of an
effective game design tool in comparison to approaches utilizing reinforcement learning or model-
based scripted behaviors. We also performed a user study with professional game and level designers
from diverse game studios and game genres. We asked participants to assess the desirability and
improvement opportunities of using such an approach in their daily workflow. Moreover, we asked
designers what characteristics they would want from a data-driven tool for creating autonomous
agents that validate their design.

The user study highlights the desire of designers to have an automated way to test and validate their
games. Along with our preliminary results we demonstrate that the data-driven approach we proposed
is a potential candidate for achieving such objectives. The study also highlights challenges and the
gap that exists between techniques from the literature and their actual use in the game industry. For
this reason, we propose a series of research directions that will help such approaches move beyond an
impractical tool to an effective game design tool. We hope that our recommendations will encourage
the game research community to contribute to or to expand on this research.
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A Method Comparison

In this section we better delineate the different common approaches to automated testing and justify
why we decide to use Imitation Learning (IL).

Reinforcement Learning. Reinforcement Learning (RL) for game validation is known to be
sample inefficient. For example, the work proposed by Gordillo et al. [18]] required an average of two
days of training before thorough coverage of a game scene is achieved. Even if sample inefficiency
can be mitigated by combining RL with IL similar to the curiosity-conditioned proximal trajectory
algorithm [42], it is still challenging to practically applyt RL in production. Moreover, RL typically
grants little control to the user over the final behavior of the policy as the trained agents will inherently
exploit the reward function regardless designer intention [34]. We can alleviate this problem with
reward shaping, but this requires considerable knowledge of RL and machine learning in general,
making it impractical for the general user. Even given these problems, RL still has some advantages.
If designers prefer exploitation and exploration over imitation, then RL is preferable; and similar to
IL, it does not require any programming knowledge to train.

Scripted Bots. By scripted bots we mean bots modelled with programming methods, i.e. the
standard way of creating game Al bots. To program autonomous bots, designers must have relatively
high domain knowledge of the level design, but also scripting skills to successfully craft the behaviors
of the bots. Moreover, even if they have very fine control over the final behavior of the bots, the
scripted agents will quickly become sub-optimal, and even unusable, when faced with design changes
in the environment. The setup time also greatly depends on the complexity of the game and game
scene. For the reasons listed above, we argue that this approach does not satisfy the requirements
listed in Section [I)of the main paper.

Imitation learning (IL). IL is more sample-efficient than RL and allows training of agents in
minutes or only few hours [42]. With this method we only need to leverage the designer’s domain
knowledge of the game, thus effectively adding humans-in-the-loop for superior controllability. Not
only can we demonstrate the intended behavior, but we can even correct it using new demonstrations
with little additional training time. Compared to scripted behavior, IL provides the same level of
generalization as RL as the policy model should be able to generalize to some extent to unseen
observations. However, compared to both RL and model-based bots, IL calls for no or limited
knowledge of theory or programming skills as designers only have to demonstrate what they want the
IL agent to do. With IL we can mitigate some of the drawbacks of RL-trained and scripted agents.

B Training Details

To optimize the policy network we used the DAgger algorithm [37]]. The number of demonstrations
used for training the policy depends on the use case: we started with an average of 4 episodes
for the first iteration of training, then we correct the behavior of the agent with all the necessary
demonstrations. Most of the hyperparameter values were chosen after many preliminary experiments
made with different configuration: learning rate Ir = 0.0005, batch size bs = 512, and number of
epochs ey = 300 for the first DAgger iteration, and e; = 100 for the subsequent ones. We found this
set of values to work well for all use cases. All training was performed on a single machine with an
NVIDIA GTX 1080 GPU with 8 GB VRAM, a 6-core Intel Xeon W-2133 CPU, and 64 GB of RAM.

C Survey Results

In this section we give additional details about the results obtained through our user study with
professional industry experts. In Table 3| we report the details of all survey participants. In Table
we report all the questions in the user survey. In Figure ] and Figure [5| we report some of the most
interesting results obtained.
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ID Role Genre(s) YoE MLK
PO1 Level Designer FPS 15 Low

P02 Level Designer FPS 11  None
P03 Level Designer Racing 3 Very Low
P04 Level Designer RPG 6  High

P05 Level Designer Racing 1 Very Low
P06 Level Designer RPG 4 Very Low
P07 Game Designer RPG 9 Low
3
4

P08 Game Designer Sport Very Low
P09 Game Designer Sport Very Low
P10 Game Designer Match3 1 Very Low

P11 Level Designer RPG 15 Very Low
P12 Level Designer FPS 21 Low
P13 Gameplay Designer RPG 15 Very Low
P14 Game Designer RPG 22 None
P15 Level Designer FPS, racing 10  Very Low
P16 Level Designer RPG 5  Very Low

Table 3: Summary of participants. Abbreviations: YoE (Years of Experience), MLK (Machine
Learning Knowledge), FPS (First Person Shooter), RPG (Role-Playing Game).

N° | Question | Type
1 |What is your area of expertise? Open
2 | What game or franchise do you work on? Open
3 | What is your level of machine learning knowledge? Multi
4 |How many years of experience do you have in the video game industry? Open
5 | What tools/software do you most commonly use in your everyday work? Open
6 |Is any part of the level design evaluation process automatic in your current workflow? [Yes, No]
7 |Have you used scripted automated method in your daily work? [Yes, No]
8 |How often do you rely on automated rather than manual playtesting? Multi
9 | Were the examples shown realistic enough to resemble AAA level design evaluation? [1,7]
10 |Generally, do you think automated evaluation and testing of the level directly in the game editor is useful?| [1, 7]
11 |How useful do you think the demonstrated agent could be in assisting with content evaluation? [1,7]
12 What are the important characteristics that an agent for automated content evaluation should have? )

Please rank the options below

12*] Imitation (the agent can exactly replicate the demonstrations) [1,7]

12*|  Generalization (the agent can adapt to different variations of the same situation) [1,7]

12*|  Exploration (the agent can explore beyond the demonstrations and find bugs and issues) [1,7]

12*| Personas (the agent can have different types of behaviors) [1,7]

12*|  Efficiency (the agent must use as few demonstrations as possible) [1,7]

12*]  Controllability (having control over the agent behavior vs complete autonomy) [1,7]

12*] Feedback (the agent gives feedback when the amount of demonstration data is enough) [1,7]

12*|  Fine-Tuning (behaviors can be fine tuned after initial training) [1,7]

12*] Interpretability (the agent can inform when and why it fails) [1,7]
13 | Any other important characteristics that come to mind? Open
14 |Do you think the method demonstrated can be useful to you for the content you create? [1,7]
15 |Would the method demonstrated allow you to create more meaningful gameplay experiences more easily?| [1, 7]
16 | What are the potential problems you see in using a method like this? Open
18 |How does the demonstrated solution compare with scripted agents? Multi
19 How useful do you think this method would be in aiding your everyday [1.7]

decision-making processes as designer? ’

20 | Do you see other use cases for this method? Open

21 | What other features would you like to see in a method like this? Open

21 | Do you have any other feedback, comment or idea for us? Open

Table 4: All the questions presented to industry experts through the survey. The Type column refers
to the type of answer allowed for each question: Open allowed participants to answer with a free-text
response; Multi allowed participants to choose from list of answers; [Yes, No] allowd participants to
answer either yes or no; and “[1, 7]” allowed participants to answer with a value between 1 and 7,
where 1 generally means “totally disagree” and 7 means “totally agree”.
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#1 - Were the examples shown realistic enough
7 T to resemble actual AAA level design
evaluation?

#2 - Generally, do you think automated
evaluation and testing of the level directly in the
game editor is useful?

#3 - How useful do you think the demonstrated
agent could be in assisting with content
evaluation?

#4 - Do you think the method demonstrated
can be useful to you for the content you
create?

#5 - Would the method demonstrated allow you
to create more meaningful gameplay
experiences more easily?

#6 - How useful do you think this method would
be in aiding your every day decision-making

1 processes as a designer?

#1 #2 #3 #4 #5 #6

Figure 4: Boxplot of answers to some important questions from the survey. The boxes represent the
area between the lower and upper quartiles. The red lines represent the median of the values, and the
whiskers represent the minimum and maximum of the distributions (except for the outliers that are
visualized with black dots).

@ Level designer @ None
@ Game designer @ Very Low
@ Quality verification @ Low
@ Game Al engineer @ High
@ UX designer @ Very High
@ Gameplay Designer
(b)
® Yes ® Yes
(@
@ Never
@ Once per month @ Does not add value
® Once per week @ Adds some values
@ Adds much value
® Every day but not always @ Potentially replace scripting
® Aways ‘ @ | have never used other type of
automated methods
(e ®

Figure 5: Pie charts of answers to some of the most important questions in the survey. (a) The question
“what is your area of expertise?”; (b) The question “what is your machine learning knowledge?”; (c)
The question “is any part of the level design evaluation process automatic in your current workflow?”;
(d) The question “have you used scripted automated method in your daily work?”; (¢) The question
“how often do you rely in automated rather than manual playtesting ?”’; and (f) The question “how
does the demonstrated solution compare with scripted agents?”.
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