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ABSTRACT

Partial automation makes digital games simpler by performing
game actions for players. It may simplify gameplay for non-gamers
who have difficulty controlling and understanding games. How-
ever, the automation may make players confused about what they
control and what the automation controls. To describe and explain
non-gamers’ experiences of automation confusion, we analyzed
gameplay, think-aloud, and interview data from ten non-gamer par-
ticipants who played two partially automated games. Our results
demonstrate how incorrect mental models, behaviours resulting
from those models, and players’ attitudes towards the games led to
different levels and types of confusion.
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1 INTRODUCTION

Playing digital games can be overly challenging for non-gamers,
who sometimes have difficulty using controllers and keeping up
with fast-paced games [6, 20, 27, 28, 30, 75]. For example, non-gamer
parents may want to play games with their children, but may not
want to invest the time needed to become competent at complex
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games. Similarly, friends may not enjoy playing together if there
are vast differences in their skill levels. Partial automation is a form
of player assistance that divides control of the game between the
player and an automation system. In contrast to full automation,
which performs all actions for the player, partial automation has
the player and automation control the game at the same time. This
can simplify how the game is controlled and reduce the number of
decisions players need to make [12, 24, 94, 98]. In Kingdom Come:
Deliverance [85], for example, players can command their horse
to steer itself along the road, simplifying control and reducing the
number of navigational decisions players need to make. Partially
automated games may assist non-gamers by performing actions on
their behalf and reducing the number of game mechanics they need
to learn. Partial automation has also been shown to improve the
accessibility of digital games to players with motor disabilities [12].

While partial automation may simplify games, it can also make
players confused about how the game is controlled; we term this
phenomenon automation confusion. Partial automation adds to what
players need to understand; they need to understand the game’s
rules, which actions they can control, and which actions the au-
tomation can control. A user evaluation of two partially automated
games found that the automation confused some players [12]. They
became frustrated when they disliked their avatar’s automated ac-
tions and tried to take control of the automation. It is not yet known
how common or problematic automation confusion is, what types
of confusion can occur, or how players become confused by the
automation.

If automation designed to simplify a game can inadvertently
make players confused about how the game works, then designers
need to understand players’ confusion. Many games have used au-
tomation as a form of player assistance [10, 12, 13, 22, 24, 35, 37, 55,
71, 72, 85, 98] and its use by designers unaware of automation con-
fusion may have unforeseen consequences. To better understand
how partially automated games can make players confused and to
provide designers with knowledge about how to reduce automation
confusion, we conducted an in-depth study in which ten non-gamer
adults played two partially automated games and reported their
understanding of the automation during play. We found that par-
ticipants’ mental model errors led them to misattribute the causes
of avatar actions. When participants were unable to make their
avatars do what they wanted, they looked for alternative ways to
control their avatars. Most participants believed that they could
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control some actions that they could not, while some others stopped
believing that they could control the games at all.

This paper contributes empirical evidence that automation con-
fusion can occur and provides a theory of the types of confusion
that arise when control of games is partially automated. We ana-
lyzed participants’ gameplay, think-aloud, and interview data to
develop a grounded theory of non-gamers’ automation confusion
in two partially automated action games. This new understanding
will help game designers reduce confusion and improve players’
experiences of partially automated games—increasing the chance
that non-gamers and players of widely different skill levels will be
able to successfully play together.

2 RELATED WORK

Our work is built on four areas of prior research: non-gamers’ expe-
riences of digital games, partial automation in games, users’ mental
models of automated systems, and users’ awareness of automation.

2.1 Non-gamers & Gaming

Gaming has become a popular pastime, social activity, and cul-
tural touchstone. Over 60% of Canadians aged 18 to 64 play digital
games [63], but there are still many people who choose not to play.
These non-gamers have given many reasons why they do not play,
citing a lack of interest in games, not finding them fun, and seeing
them as a “waste of time” [6, 20]. However, non-gamers may find
themselves excluded from social activities involving games [20]. In
2020, approximately 43% of Canadian adult gamers and 70% of teen
gamers used digital games as a way to stay socially connected to
friends and family while physically isolated [63]. For non-gamer
parents, digital games present opportunities to share time with
their gamer children. However, games are designed to challenge
players and for some these challenges can exclude [19, 28, 73]. Non-
gamers likely want to play with their gamer friends and family for
social reasons, even if they are not attracted to games for their own
enjoyment.

Non-gamers have not spent the necessary time to learn gaming
conventions and so are unfamiliar with the language of games [20].
Games are systems of rules [88], made of smaller games [50], and
the fun of play is in learning the game’s underlying mathematical
patterns [49, 92]. Non-gamers may not know, for example, that
hearts represent their avatar’s health points or that red containers
explode. They may misinterpret what happens onscreen and come
to learn the wrong lessons [75], making games even more difficult
to understand.

Non-gamers also find game controllers difficult to use [6, 20, 27]
and find complex input sequences especially difficult [28, 30]. The
complexity of games and their controllers has increased dramat-
ically over the last five decades [19]. For example, Frogger [46]
can be played with a single joystick, whereas more recent games
involve multiple sticks, triggers, buttons, and accelerometers. Non-
gamers can find these newer devices daunting; in an evaluation of
Wii Sports Bowling [21] for older adults, participants had difficulty
releasing the ‘b’ button to throw the ball and one participant said
that “It would have been easier without pressing the button” [28]
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2.2 Partial Automation in Games

Partial automation simplifies games by performing actions for the
player, such that both player and automation control the game at
the same time. This reduces the number of controls that players
have to learn and the speed at which they have to make game deci-
sions. The assistance provided by partial automation is especially
potent in action games—real-time games in which the player makes
an avatar perform actions to overcome challenges. For example,
the first two Bayonetta games [71, 72] provide partially automated
“Automatic” modes that automate target selection and avatar move-
ment. The player is tasked with selecting which attack to do and
the automation selects which enemy to attack.

There are two forms of partial automation: input automation and
one-switch [12]. Input automation assists players by taking over
some of the game’s inputs. For example, Hwang et al. balanced a
shooting game for differences in players’ manual abilities by aiming
directly towards the most likely target when the player shoots [37].
Cechanowicz et al. helped players align their steering with the
road in a racing game [10]. Hougaard et al. helped players more
reliably control an infinite runner game using a brain computer
interface by making the avatar jump on its own [35]. Conversely,
one-switch games assist players by reducing their control to a
single button [24, 98]. For example, Zac - O Esquilo is a one-switch
adaptation of Frogger [46] in which an algorithm chooses which
direction the avatar moves when the player presses the button [55].

Partial automation is related to, but distinct from, several other
forms of player assistance. Player balancing helps weaker play-
ers compete with stronger players [2], so some player balancing
solutions use partial automation [10, 37] while others do not [29].
Dynamic difficulty adjustment changes game mechanics in response
to individual players’ abilities [36], buffing players or spawning
fewer enemies but not automating control. And finally, full automa-
tion automates control of all player tasks, so that both player and
automation control the game at different times. For example, the
“Auto-Battle” feature in Fire Emblem: Three Houses [87] fully auto-
mates battles, selecting actions that adhere to the player’s chosen
strategy.

2.3 Conceptualizing Automation

When interacting with a system, users form in their minds models
of how the system operates, called mental models [44, 59, 60, 69, 91].
Users’ interactions follow seven stages of action, from specifying a
goal to determining whether it was achieved, and each step along
the way depends on the quality of the user’s mental model. Good
mental models enable users to recognize and understand what the
system is doing, crossing the gulf of evaluation, and also to predict
how their use of the system might achieve their goals, crossing the
gulf of execution. Bad mental models make users confused about
what the system is doing and how it might respond to their actions.
Prior investigations into the human factors of highly automated
flight decks found that pilots’ most commonly asked questions
about the automation were: “What is it doing?”, “Why is it doing
that?”, and “What will it do next?” [78, 93] These sorts of questions
are answered by users’ mental models [41, 59, 60, 81].
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Rather than providing unified and complete explanations of all
aspects of a system’s operations, the mental models users form
through use are fragmentary and incomplete [81]. They are col-
lections of theories analogous to specific parts of the system and
they can leverage metaphors to explain how and why the system
does what it does [15]. Functional mental models tell users how to
use the system, while structural mental models tell users how the
system works [51]. While investigating users’ mental models of
calculators, Norman found that users would press the ‘CLEAR’ but-
ton excessively due to erroneous beliefs about how the calculator
stored values in memory [60]. These erroneous beliefs led them to
develop harmless superstitions about the effects of their ‘CLEAR’
presses.

Although automation can improve users’ interactions, it can also
make users’ tasks more difficult and complicated [1, 61, 84, 93]. The
automation may perform tasks that the human does not know how
to do using knowledge that the human has not learned. Therefore,
users may be unable to understand the automation’s actions and
have difficulty cooperating with it. Users employ different combina-
tions of analytic, analogical, and affective reasoning to determine
when to trust the automation, which may lead users to rely on it
inappropriately [53]. Users may misuse the automation, applying
it to tasks that it cannot do, or disuse the automation, not applying
it to tasks that it can do [67]. A mismatch between the user’s un-
derstanding of the automation and its actual operations means that
when things go wrong, users may be surprised and not know how
to respond [16, 17, 77, 78, 80].

For example, drivers were expected to change their braking be-
haviour with the introduction of anti-lock braking systems (ABS),
which pumps the brakes for the driver to prevent wheel lockup.
However, survey data from 1998 indicates that 18% of ABS users
thought that they had to pump the brakes to activate ABS [8]. In
2017, the Boeing 737 Max entered service, equipped with a new
Maneuvering Characteristics Augmentation System (MCAS) [66].
Pilots were not trained on how to use, or even told about, the MCAS,
which would force the plane’s nose down when a single sensor de-
tected that the plane’s pitch was too high [66, 82]. When faulty
sensors caused the MCAS to activate erroneously during Lion Air
flight 610, the pilots were surprised and unable to disengage the
automation [82]. The stakes are not so high for games using partial
automation, but automation accidents in the wild (e.g., Three Mile
Island [70, 90], Therac-25 [54, 80], Sudden Unintended Accelera-
tion [42, 48]) demonstrate how automation can cause users to hurt
themselves and others in their confusion.

Partial automation can simplify games, but it may confuse play-
ers who do not know how to cooperate with the automation. Human-
machine cooperation decomposes users’ knowledge of a joint task
into their know-how and their know-how-to-cooperate [26, 56, 65].
Know-how comprises users’ knowledge of how to operate a system,
which necessitates good mental models. Know-how-to-cooperate
comprises users’ knowledge of their collaborators, including their
capabilities, intentions, and how to coordinate with them. To sup-
port players’ mental model development, with respect to their know-
how-to-cooperate, partially automated games need to support play-
ers’ awareness of the automation.

CHI 23, April 23-28, 2023, Hamburg, Germany

2.4 Awareness

Insufficient awareness of automation can diminish users’ task per-
formance, as users may need to think harder to understand what
the automation is doing [25]. To help users make sense of the au-
tomation, special interfaces have been developed. Wintersberger et
al. designed augmented reality aids, displayed on the windows of
an autonomous vehicle, indicating the presence and proximity of
other vehicles [95]. Other interfaces framed the automation as a col-
laborator that would inform users of its actions. Koo et al. created
voice alerts to inform autonomous vehicle passengers that the “Car
is braking” [47] and Hauslschmid et al. designed a chauffeur avatar
that appeared to react to objects and drive the vehicle [38]. In doing
more complex tasks, such as air traffic control, users’ awareness
of automation can be supported using a common work space that
displays the user’s situation along with the automation’s current
actions and intentions [56, 65].

Designers of automated systems can also learn from human-to-
human collaboration through groupware. In groupware, informa-
tion about collaborators’ activities is communicated via awareness
cues [33]. As with sharing control with automation, cooperative
work in groupware can be tightly coupled, meaning that users need
to interact frequently to achieve their goals [76]. Awareness cues
support tightly coupled interactions by conveying useful informa-
tion about collaborators’ interactions in a shared workspace, called
the elements of workspace awareness [32]. For example, Action cues
indicate what action a user is doing while Authorship cues indi-
cate who is doing an action. The feedback that awareness cues
provide may help users to attribute changes in the workspace to
their collaborators and make sense of what they are doing.

In multiplayer games, awareness cues are used to help players
coordinate with other players. Bortolaso et al. used awareness cues
to facilitate communication between tablet players and VR players
in an asymmetric home decoration game [5]. Stach et al. found
that information-rich avatar embodiments helped players to more
effectively strategize in an arcade-style space shooter [83]. Toups
Dugas et al. proposed a framework of cooperative communication
mechanics that facilitate non-verbal communication between team
members [89] and Wuertz et al. proposed a framework for the
design of awareness cues in games [97]. Awareness conferring game
mechanics have been shown to be useful for enabling human-to-
human cooperation in digital games, but it is unknown whether they
can facilitate cooperation between a human player and automation.

2.5 Summary

We know that users’ mental models may be fragmentary and in-
complete [81] and that automation changes users’ tasks [1, 68, 84],
which can make using the system more difficult [61, 93]. Users may
only understand the parts of the system that they interact with
and therefore have difficulty making sense of automated actions,
unless their awareness is supported. While interacting with the
system, users may be unaware of what the automation is doing [25]
and become surprised when it does things that they did not ex-
pect [77, 78, 80]. It is not yet known whether partial automation
can make players confused about how games are controlled. To
address this question, we developed two partially automated games
and conducted a systematic investigation of automation confusion.
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Ouring the countdown,
Emi will look ower and
wait for you to tell
her what to do,

FPress ctrl to proceed.
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If you do not tell Emi
what to do, then she

will decide what to do
on her own,

FPress ctrl to proceed.

Before Emi gets ready,
she will tell you
which attack she
intends to do.

Fress ctrl to procesd,

After Emi gets ready,
she will tell you
which attack she is
doing,

FPress ctrl to procesd,

Figure 1: Screenshots from Ninja Showdown’s tutorial. In the image on the top left, Emi turns her head to look at the player,
indicating that she is awaiting player input. In the bottom left, she displays an Intention cue indicating that she intends to use
a Bomb if the player does not tell her to use the Sword. In the image on the bottom right, Emi has initiated the Bomb attack

and displays an Action cue, indicating that she decided to use the Bomb.

3 PARTIALLY AUTOMATED GAMES USED IN
THE STUDY

Partial automation reduces the number of controls and mechanics
that players need to master. It may help non-gamers, who have
difficulty controlling and understanding games, to play with their
gamer friends and family. To better understand non-gamers’ ex-
periences of partially automated games, and to characterize the
confusion that can arise while playing them, we created two par-
tially automated games. These games represent different genres
within action games (i.e., fighting & platformer) and use differ-
ent forms of automation (i.e., input automation & one-switch), as
described in Section 2.2.

Both games were designed with guidance from literature in
partial automation, human-machine cooperation, and awareness.
To help players make sense of their avatar’s automated actions, we
created awareness cues informing players of its current actions and
intentions (Table 2). To help induce functional mental models in
players, we created tutorials that teach players which actions they
can control and how to control them (Figures 1 & 2). Both games
are controlled using only one button, the spacebar, although they
afford different styles of play. The first is a fighting game called Ninja
Showdown in which the player controls one of their avatar’s attacks,
while its other attacks are automated (i.e., input automation). The
second is a recreation of an existing platformer called Spelunky, in

which the player can make their avatar do different actions using
the same button, while the avatar’s movement is automated (i.e.,
one-switch). In this section, we describe the games used in this
study and explain how we designed their automation.

3.1 Ninja Showdown

Ninja Showdown is a simple fighting game inspired by Rock, Paper,
Scissors. The player controls a ninja avatar, named Emi, and is
tasked with defeating a ninja opponent, named Takeshi. A game
of Ninja Showdown lasts three rounds and each ninja can do one
attack each round. A ninja can do a Sword attack, a Bomb attack,
or a Dart attack. Each attack beats another: Swords beat Bombs,
Bombs beat Darts, and Darts beat Swords. When a round begins,
the announcer counts down from three and when the countdown
reaches zero both ninjas do their chosen attack. On the count of two,
the player’s opponent chooses his weapon and displays it for the
player to see. Once a ninja chooses an attack, their choice cannot be
changed. If a ninja chooses the weapon that beats their opponent’s,
then that ninja gets a point and their opponent loses a point. If both
ninjas do the same attack, then the attacks cancel each other out
and no points are gained or lost. A full playthrough comprises 10
games, for a total of 30 rounds. Ninja Showdown was designed to
be simple to facilitate analysis of automation confusion, without
the confound of confusion arising from complex game mechanics.
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Figure 2: Screenshots from Spelunky’s tutorial. In each image, an explanation for how to make the avatar perform an action, as
well as the action’s corresponding Option cue, are displayed. Refusal cues were purely auditory and so are not visualized.

Players can command Emi to do the Sword attack by press-
ing the spacebar. Otherwise, the automation makes Emi do
either the Bomb or the Dart attack. A tutorial tells players
that Emi will choose an attack on her own if the player does not
command her to use the Sword. In this way, Ninja Showdown im-
plements input automation, as it delegates control of a subset of
the game’s inputs to the automation. To help players recognize and
anticipate automated actions, Intention cues, indicating which move
Emi intends to do, and Action cues, indicating which move Emi
has chosen to do, are presented to the player (Figure 1 & Table 2).
Emi’s intentions are represented by a thought bubble beside her
and Emi’s chosen actions are represented by a speech bubble above
her head. These cues were designed to inform players of what the
automation will do in future and enable them to correctly attribute
automated actions to the automation.

3.2 Spelunky

Spelunky is a recreation of the popular game of the same name [57],
using its original open source assets!. The player controls an ex-
plorer avatar that runs, jumps, climbs, and smashes its way through
labyrinthine caves in search of loot and a way to escape. If the
player’s path is blocked by a thick wall, the avatar can deploy
a rope to climb over it. If the player’s path is blocked by a thin
wall, then the avatar can throw a bomb to clear a path through it.

1Original source files available at https://github.com/oyvind-stromsvik/spelunky

Spelunky levels contain dangerous snakes, spiders, bats, and cave-
men that the player can fight using a whip attack. If an enemy
touches the player’s avatar, then the avatar loses one of its two
health points, represented by hearts floating above its head. Players
are allotted between 30 and 120 seconds to complete each level.

Players can command their avatar to use the whip, the
rope, and the bomb by pressing the spacebar. The automation
decides which action occurs, if any, when the spacebar is
pressed. In this way, Spelunky implements one-switch automation
by reducing players’ interactions to a single button used to control
multiple actions. This reduces the number of decisions players
need to make; players decide when to do an action, and let the
automation decide what action to do. To help players understand
and anticipate their Spelunky avatar’s actions, Option cues display
the avatar’s selected action and Refusal cues inform the player
that their spacebar press did not result in an action (Figure 2 &
Table 2). Whenever the avatar is in range to hit an enemy, needs
a rope to climb up, or can clear a path with a bomb, a thought
bubble containing the needed item is shown next to the avatar. The
player then has the option of making the avatar use that item by
pressing the spacebar. Should the player press the spacebar when
the automation has not selected an action, voice recordings of an
actor saying “Nah” or “Huh” are played. The avatar’s walking,
running, jumping, and climbing are controlled exclusively
by the automation, so players do not need to learn how to control
these actions.
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Table 1: Participants’ demographic data including the game genres they had played before (Genres), the number of hours they
spent playing games each week (Current Gaming H/W), the number of hours they spent playing games each week at their
peak (Peak Gaming H/W), whether they mentioned wanting to play games with friends or siblings (Friend), and whether they
mentioned wanting to play games with their children (Parent). Participants’ mean age was 38.8 and their mode gender was

woman.
ID ‘ Age Gender Genres Current Gaming H/'W Peak Gaming H/'W Friend Parent
P1 25 Man Platformer 0 0 v
P2 31 Woman None 0 0 v
P3 47  Woman None 0 0 v
P4 53 Man Puzzle, Sports 0 2 v
P5 23 Woman Fighting, Platformer, Simulation 0 3 v
P6 28  Woman Adventure, FPS, RPG, Strategy 0 3 v
P7 26  Woman Puzzle 0 2 v
P8 57  Woman Puzzle, Rhythm 0 1 v
P9 47  Woman Puzzle 0 0 v
P10 | 51 Woman Puzzle 1 2 v

Table 2: Each game’s awareness cues and their meanings.

Game | Awareness Cue | Meaning
Ninja Sh Action What automated action the avatar is currently performing
Y Intention What automated action the avatar will perform
Spelunk Refusal No action was performed when the player pressed the button
P 4 Option What action the avatar will perform when the player presses the button

3.3 Summary

The games were designed to be simple to play and easy to under-
stand. The tutorials were designed to tell players explicitly which
actions they can control and how they can control these actions.
The awareness cues were designed to inform players of what the
automation is doing and what it will do. Both games provide players
all of the information they need to learn how the games work, how
they are controlled, and how to cooperate with the automation. Both
games successfully reduced the number of inputs players needed
to control, which consequently reduced the number of decisions
they needed to make.

This does not always come without a cost. The automation in
Ninja Showdown reduces the complexity of players’ control, while
slightly increasing the complexity of players’ decision-making.
When the player can choose any of the weapons, Ninja Showdown
is no more complicated than Rock, Paper, Scissors. But, when some
of the game’s inputs are automated, some of this choice is delegated
to the automation. Players need to determine whether it is possible
to win the round, which is always possible in the manual version.
In contrast, Spelunky simplifies both how players control the game
and the decisions players make.

4 METHOD

To better understand whether partial automation can make non-
gamers confused, we recruited ten non-gamer participants to play
the partially automated Ninja Showdown and Spelunky games. Dur-
ing play, participants were prompted to think aloud and discuss

anything in the games that they found confusing. Gameplay logs
and screen capture video with eye tracking were recorded to pro-
vide post-hoc insight into which buttons participants pressed and
which objects on screen they looked at. After playing both games,
participants were interviewed about their experiences, their opin-
ions of the games’ avatars, and which avatar actions they believed
that they could or could not control. This combination of game-
play, think-aloud, and interview data was analyzed using grounded
theory methodology [31] to answer our research questions:

RO1:
Can partial automation make non-gamers confused about how
a game is controlled?

RQ2:
What types of confusion can non-gamers experience when
playing partially automated games?

This study was approved by Queen’s University’s General Re-
search Ethics Board.

4.1 Recruitment

Non-gamer participants were chosen because they may benefit
from the simplification afforded by partially automated games. We
wanted to understand how these games are experienced by players
who may have difficulty playing games without the automation.
A recruitment poster was posted on local social media pages and
circulated within several departments of our host institution. Partic-
ipants were required to have played fewer than 100 hours of video
games in their lives, be aged eighteen or older, be able to use a
keyboard, and speak English. Since colloquial use of the term “video
game” is ambiguous, we did not recruit respondents who identified
as gamers or whose responses indicated that they had ever played
action games regularly. Participants took part in lab-based study
sessions, lasting approximately an hour and a half, and were given
a $20 honorarium.
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4.2 Procedure

Before each study session, participants provided their informed
consent to participate. They were seated at a desk with a 31.5"
Benq EW3270U monitor, a full keyboard, and a Tobii Eye Tracker 5.
Participants completed a short demographic questionnaire asking
about their age, gender, and familiarity with popular gaming genres.
They were then interviewed about the people in their lives that play
video games and their attitudes towards playing with these people.
Following the first interview, the researcher explained how partic-
ipants should think aloud while playing the games and informed
them that the researcher would periodically ask them questions.
The instructions read to participants are provided in the supple-
mental materials.

Before playing either of the digital games, participants first en-
gaged in a simple drilling exercise with cards to familiarize them
with the Ninja Showdown scoring rules. Informal testing during the
Ninja Showdown’s development indicated that players had difficulty
remembering which weapons beat each other, so this activity was
intended to teach participants how to win before teaching them
how to play with the automation.

Before playing each game, the researcher read to participants a
short primer explaining the game’s goals, which actions they could
make the avatar do by pressing the spacebar, and that their avatar
was “pretty smart” and could do other actions on its own. During the
explanations, the games’ visual elements, such as avatars and ene-
mies, were identified in screenshots to help participants recognize
them during play. Both games began with a short tutorial section.
In the Ninja Showdown tutorial, automated avatar actions and the
meaning of the awareness cues are explained during scripted game-
play sequences with explanatory text (Figure 1). In the Spelunky
tutorial, large signs in the game’s first two levels instruct players to
press the spacebar to make the avatar attack, use ropes, and throw
bombs (Figure 2). Participants played Ninja Showdown first and
Spelunky second, each for approximately 15 minutes.

While playing the games, participants were encouraged to think-
aloud and were prompted to speak using questions such as “What
are you thinking?”, “Why did you do that?”, and “How do you know
that?” Screen capture video, including an overlay displaying where
on the screen participants were looking, and audio of participants
speaking were recorded using OBS?. Both games recorded frame-
by-frame gameplay data, including all of the keyboard keys partici-
pants pressed and held as well as the visual elements they looked at.
After playing both games, participants were interviewed for approx-
imately 30 minutes about their experiences, their understanding of
how the games were controlled, and their opinions of the avatars.
Participants were asked whether they ever believed that they could
make their avatars perform specific actions in the games, including
actions that players could not control. The interviewer also asked
whether participants ever wanted to or tried to make their avatar
perform actions that they could not make them do and encour-
aged participants to explain their thinking during these incidents.
Participants’ think-aloud data and explanations of their thinking
during the final interview were used to elicit their mental models
and determine how output from the games made them confused
about how they were controlled.

Zhttps://obsproject.com/
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5 RESULTS

In total, ten participants enrolled in our study. All participants an-
swered “No” to the screening questions: “Do you play video games?”,
“Do you identify as a gamer?”, and “Have you played more than 100
hours of video games in your life?”. All participants, except P10,
reported spending zero hours each week playing video games. P2-
4 and P8-10 were parents who wanted to play with their gamer
children, but had difficulty controlling and understanding games.
P1 and P5-7 mentioned feeling excluded from gaming activities
because they were not as skilled as their gamer friends or siblings.
Participants’ demographic and gaming data (Table 1) suggest that
they were people for whom gaming is not, and has never been, a
significant part of their personal or social lives.

All ten participants were able to play both games; nine of the
participants experienced at least one episode of confusion about
how at least one of the games was controlled. Participants’ game-
play, think-aloud, and interview data were analyzed using classical
grounded theory methodology [31] from a constructivist perspec-
tive [11], as is typical of recent usage [7, 14]. The resulting theory is
organized around the core category of automation confusion, which
we organized into four properties: types, attitudes, behaviours, and
sources (Table 3). Our analytical process is visualized in Figure 3
and described in the text below.

Data Collection: During each session, we documented par-
ticipants’ behaviours and utterances that we believed held
theoretical significance. During interviews, we asked partic-
ipants to explain these behaviours or utterances.

Data Analysis: After each session, the data were analyzed in
isolation, yielding new codes (i.e., labels) and memos (i.e.,
free-form notes). There were often commonalities between
participants’ data, but the purpose of this initial analysis was
to elucidate and explain their differences.

Theory Generation: During theory generation, the new data,
codes, and memos were compared to our developing theory
and used to detect poor fit in its concepts. When we were
unsure whether the same concept explained two or more
different observations, or when the same observation was
explained by multiple concepts, we created short stories
called confusion episodes (such as in Figures 4-6). By creating
narratives from multiple slices of data, we ensured that our
stories, and thereby our theory, made sense.

Theory Refinement: Comparing the codes, memos, and con-
fusion episodes generated from different participants’ data
helped us to refine our concepts and led to the development
of progressively abstract conceptual categories whose rela-
tions were apparent in the confusion episodes.

Saturation: When new data prompted the construction of new
codes and concepts, we sought more data for further develop-
ment. When new data prompted theoretical refinement, but
not generation (i.e., P8), we concluded that we had reached
saturation. Significant theoretical generation occurred fol-
lowing P2, P5, and P7’s sessions. Our developing theory was
tested for fit (i.e., fit to the data) and grab (i.e., explanatory
power) with P9 and P10, both of whom found the theory
comprehensible and relevant to their own experiences of
playing the games.
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Table 3: Definitions for all of automation confusion’s concepts.

Theory of Automation Confusion
Types of Mental Model Errors

Category Concept ‘ Definition
. Over-Attribution Player believes that they control actions that they do not
False Causation — - -
Under-Attribution Player believes that they do not control actions that they do
Extra-Rule Player has a rule that does not explain any aspect of the game’s output
Explanation Errors Overly-Simple-Rule Player has a rule too simple to explain some aspect of the game’s output
No-Rule Player has no rule to explain some aspect of the game’s output
Attitudes Towards the Games
Category Concept Definition
Analytical Unc-ri‘tical Player plays wit‘hout trying-to improve t}?eir understanding
Critical Player plays to improve their understanding
Emotional Frustrated Player feels frustrated by avatar’s actions
Uninvolved Player feels uninvolved in play
Behaviours Resulting from Confusion
Category Concept Definition
Exploration Player presses buttons to discover their effects
Learning Confirmation Player presses buttons to confirm that an expected effect occurs
Contemplation Player observes the game’s output without pressing buttons
Shadowing Player presses buttons along with automated actions
Superstitious Mashing Player presses buttons with no intended effect
Manner Modification Player modifies the way they press buttons to change their effects
Sources of Confusion
Category Concept ‘ Definition
Misinterpreted Feedback Feedback whose meaning players misunderstand
Feedback Missed Feedback Feedback that players do not notice
Missing Feedback Feedback that does not exist but might otherwise prevent confusion
Inherited Expectations Expectation that the game works like something else
Wrong Expectations Incorrect Mappings Expectation that buttons control actions because of arbitrary associations
Wishful Thinking Expectation of control borne of a desire for control
oata | 2, e S, Theory Generation e, Theory | theory o misinterpret what happens in the game and th(?refore learn an
- cros Cfrf:::'ez;:es Saegmes tomatior 1gc0rrect mental quel of the game. Players may infer causal rel.a-
Relations tions that do not exist and only appear coincidentally. As we will
t Theorotca samping_| show, many aspects of a game’s output can make players confused

Figure 3: The analytical process we followed during theoreti-
cal development.

5.1 Automation Confusion

Automation confusion is a theory we developed of how players
become confused by partially automated games. When both the hu-
man player and the automation control actions in the game, players
may become confused about which actions they can control. Our
theory posits that players construct mental models of a game’s rules
by providing input to the game, interpreting the game’s outputs,
and then comparing their interpretations with their expectations.
However, automated actions may lead to outputs that cause the
player to learn incorrect rules or doubt correct rules; they may

about how the game works. But perhaps most detrimental to their
understanding is players’ desire for control over the game; players
want to make their avatars perform specific actions and can be-
come frustrated when they cannot make them do those actions. As
concrete examples, we now illustrate through storyboards how the
games confused P2, P7, and P3. To disambiguate the Bomb in Ninja
Showdown and the bomb in Spelunky, Ninja Showdown actions are
capitalized and Spelunky actions are not.

P2: P2 incorrectly believed that the ‘b’ key made Emi use the
Bomb (Figure 4). To test her hypothesis, P2 pressed the ‘b’
key to verify that it did what she expected. When Emi co-
incidentally pulled out the Bomb, P2 misinterpreted Emi’s
automated action as confirming that she made Emi use the
Bomb.
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P2 misinterpreted Emi using the Bomb as feedback
reinforcing her belief that she controlled the Bomb

J Confirmation is one of the Misinterpreted Feedback is one of the
" | Behaviours Resulting from Confusion Sources of Confusion

Figure 4: Storyboard depicting P2 pressing the ‘b’ key to make Emi use the Bomb.

.

P2 believed that she controlled the Bomb with the b key P2 pressed the b key to make Emi use the Bomb

Over-Attribution is one of the ]
Types of Mental Model Errors ]

' —

Qa PR spacebar 25 /

P7 felt uninvolved in play
because she could not control all of Emi's actions

P7 pressed the spacebar all the time

because she thought that she would always win P7 seldom noticed when she ost

Mashing is one of the

Uninvolved is one of the ] J Missed Feedback is one of the
Attitudes Towards the Game J '[ Behaviours Resulting from Confusion Sources of Confusion

Figure 5: Storyboard depicting P7 mashing the spacebar because she felt uninvolved in play.
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P3 pressed on the left side of the spacebar, to make it go left,
and the right side of the spacebar, to make it go right

Wishful Thinking is one of the ] ‘[ Extra-Rule is one of the Manner Modification is one of the
Sources of Confusion ] '[ Types of Mental Model Errors Behaviours Resulting from Confusion

Figure 6: Storyboard depicting P3 pressing on the left and right sides of the spacebar to guide her avatar.

P3 wanted to control her avatar's movement direction P3 believed that she could guide her avatar's movement

P7: P7 felt uninvolved in play because the avatars would do to pressing on different sides of the spacebar to signal her

actions on their own (Figure 5). Being unable to control all of
her avatars’ actions frustrated P7 so much that she stopped
trying to learn how the games worked and stopped paying
attention to what happened in them. In Ninja Showdown, P7
pressed the spacebar incessantly, believing it would always
cause her to win, and she often did not notice when she lost.

desires to the avatar. While playing, P3 explained that “In my
mind, I'm feeling if I [press on the left] it will go left and
if I [press on the right] it will go right.” P3 pressed on dif-
ferent sides of the spacebar to guide her avatar’s movement
and sometimes it did what she wanted.

P3: P3 was often frustrated because her Spelunky avatar would We found that participants exhibited a variety of mental model
move in directions that she did not want it to go (Figure 6). errors that influenced their attitudes towards the games and

She wanted to influence its movement direction and took their behaviours while playing them. Participants’ behaviours
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Table 4: Definitions for the types of mental model errors experienced by participants.

Types of Mental Model Errors

Category | Concept

Definition

Over-Attributi
False Causation verAtnbution

Player believes that they control actions that they do not

Under-Attribution

Player believes that they do not control actions that they do

Extra-Rule Player has a rule that does not explain any aspect of the game’s output
Explanation Errors Overly-Simple-Rule Player has a rule too simple to explain some aspect of the game’s output
No-Rule Player has no rule to explain some aspect of the game’s output

determined the games’ outputs, which sometimes helped them to
make sense of what was going on and sometimes created sources
of confusion. In P2’s example, her incorrect mental model caused
her to press the ‘b’ key, which indicated that she could control an
action that she could not. In P7’s example, her feelings about the
games caused her to press the spacebar with no specific intention
and miss feedback that might have told her what her pressing did.
In P3’s example, her desire to control her avatar’s movement led
her to believe that she could by pressing on different sides of the
spacebar. In this section, we explain our theory’s four properties
and describe how they relate to each other in ways that can affect
players’ confusion.

5.2 Types of Mental Model Errors

All participants, save for P4, constructed mental models that con-
tained errors. While playing the games, participants were prompted
to explain the games’ rules as they understood them. When partic-
ipants mentioned pressing buttons other than the spacebar, they
were asked what they believed the buttons made their avatar do. As
shown in Table 4, we categorize participants’ mental model errors
as errors of false causation and explanation errors. Errors of false
causation occurred when participants misunderstood what caused
the avatar to perform actions and explanation errors occurred when
participants learned rules that incorrectly explained what happened
in the games.

5.2.1 False Causation: Over-attribution & Under-attribution. False
causation errors occurred when participants misattributed the causes
of avatar actions. Participants sometimes misattributed automated
actions to themselves (i.e., over-attribution) or misattributed their
actions to the automation (i.e., under-attribution). For example, P1,
P3, P5, P7, and P9 all believed at some point that they could make
their Spelunky avatars jump, an action that only the automation
could control.

Over-attribution: Over-attribution errors occurred when par-
ticipants believed that they could control actions that they
could not. P3 incorrectly believed that the spacebar made
Emi use the Bomb, and not the Sword, in Ninja Showdown.
When asked why she pressed the spacebar, causing her to
tie instead of win the round, P3 sighed and said “I wanted
Bomb for the Dart... but the things was not there.” P3
believed that she could control actions that she could not
and became surprised when her avatar did not do them.

Under-attribution: Under-attribution errors occurred when
participants did not believe that they could control actions
that they could. P3 expected her avatar to use the Bomb

attack when she pressed the spacebar, but was surprised
when the avatar used the Sword instead. The avatar ap-
peared to be ignoring P3’s commands, which caused her
to question whether she could control either character in
the game. When asked which character she could control,
P3 said “I don’t think I am able to control any of them,
because there is no option for me to tell them what to use... [my
avatar] must have the Sword to destroy the Bomb. So, where
I can give him the Sword?” P3 was unable to make her
avatar do the actions she wanted and so stopped believing
that she could control any action.

5.2.2  Explanation Errors: No-Rule, Overly-Simple-Rule, & Extra-
Rule. Explanation errors occurred when participants believed in
rules that incorrectly explained the game’s output. The causal con-
nections between players’ inputs and the game’s outputs can be
thought of as ‘explanation rules’ that explain what is going on in
the game. For example, P2, P7, and P10 all thought that they needed
to press the spacebar, twice sometimes (i.e., P7 & P10), to make
bombs explode in Spelunky; this was not an avatar action and nei-
ther the automation nor participants could control it. Participants
sometimes invented rules that did not hold up, came up with rules
that were too simple to account for the variety of outcomes they
observed, or failed to discover rules explaining part of the game’s
output.

Extra-Rule: Extra-rule errors occurred when participants be-
lieved in rules that did not explain any aspect of the game’s
output (e.g., Takeshi does what Emi predicts). P2, P3, P5, P7,
and P10 spent some of their time playing Ninja Showdown
believing that their avatar’s Intention cues, which indicated
which attack their avatar intended to do, actually predicted
which attack their opponent would do. These participants
would not look at their opponent at all, decide what to do
based on their avatar’s Intention cue alone, and then become
surprised when they lost the point they thought they had
won. P2 made her avatar use the Sword when she thought
that her opponent would use the Bomb, even though he
was already holding the Dart. When she lost the round, P2
laughed and said “This is crazy! I think I do not understand
the rules to play it.” Participants who believed in rules that
did not exist had difficulty making sense of the feedback they
received.

Overly-Simple-Rule: Overly-simple-rule errors occurred when
participants came up with rules that did not account for all
of the different outcomes they observed (e.g., spacebar makes
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Table 5: Definitions for the attitudes towards the games experienced by participants.

Attitudes Towards the Games

Category | Concept | Definition
. Uncritical Player plays without trying to improve their understanding
Analytical — - - -
Critical Player plays to improve their understanding
. Frustrated Player feels frustrated by avatar’s actions
Emotional - - -
Uninvolved Player feels uninvolved in play

the avatar do something). While playing Spelunky, P1 un-
derstood that pressing the spacebar would make his avatar
attack, use a rope, or throw a bomb, but he did not know
which specific action his avatar would do. P1 also believed
that pressing the spacebar would make his avatar jump, and
he often wanted it to jump. He pressed the spacebar so prodi-
giously that he seldom had time to see his avatar’s Option
cue before it performed the action. When asked whether he
knew what his avatar would do when he pressed the space-
bar, P1 said “I know what he’s doing.” P1 was content with
the actions his avatar was doing and so did not try to discern
which action it would do in particular.

No-Rule: No-rule errors occurred when participants did not
have a rule to explain some aspect of the game’s output (e.g.,
not knowing that the avatar can use ropes and bombs in
Spelunky). P2 knew only that she could make the Spelunky
avatar attack and was surprised when it did anything else.
Any time her avatar threw a bomb, P2 became worried be-
cause she thought that it would hurt her avatar. In the game’s
third level, P2 pressed the spacebar to attack a nearby enemy
while her avatar was preparing to throw a bomb. When she
saw the bomb, P2 said “No. No. No. No. No. No. No. No. I'm
not in control of this avatar... I pressed the spacebar to
kill the snake.” She could not make sense of the Option
cues, informing her of which action her avatar would do,
and did not understand why her avatar would sometimes
ignore her commands to attack.

Participants were content with believing that they could control
actions they could not. P1 and P5 wanted the Spelunky avatar
to jump and liked that it did—coincidentally—when they pressed
the spacebar. However, some participants became frustrated when
they could not make their avatars do what they wanted or when
the games played out differently than they expected. Participants’
erroneous beliefs about how the games worked affected both their
attitudes towards the games and their behaviours while playing
them. Realizing that they misunderstood the rules of play prompted
some participants to more critically analyze the game’s output and
press buttons in service of improving their understanding.

5.3 Attitudes Towards the Games

Participants’ attitudes towards the games affected how they played
with partial automation. Participants became frustrated when they
did not like what their avatar was doing and could not make it
do what they wanted. Frustration caused some participants to pay
more attention and make sense of what happened. In some cases,
participants became so frustrated that they felt uninvolved in play

and stopped trying to understand what was going on. In this section,
we describe the analytical and emotional attitudes that participants’
confusion engendered (Table 5).

5.3.1 Analytical Attitudes: Critical & Uncritical. Participants adopted
different analytical attitudes towards making sense of the games’

outputs. When they were content with their understanding, partic-
ipants played the games with an uncritical attitude, meaning that

they were not trying to improve their understanding. However,

when they could not explain their observations, some participants

adopted a more critical attitude, meaning that they carefully ob-

served the games’ outputs to improve their mental models.

Uncritical: Participants were uncritical of the games when
they were not trying to improve their understanding. P7
disliked Ninja Showdown so she did not care to improve
her understanding of the game. P7 lost many rounds, but
nevertheless concluded that all she needed to do to win every
round was to press the spacebar. She explained that “It’s too
boring. Like, if I kept just pressing the spacebar I'll win
in all the games, right?" I don’t even need to see what she’s
predicting. You don’t even need to hear, just press.” P7 was
uncritical in her analysis of the game and did not notice or
care when she lost.

Critical: Participants were critical in their analysis of the games
when they played with the intention of improving their un-
derstanding. While her opponent was holding the Sword, P5
saw her Ninja Showdown avatar’s ‘Bomb?’ Intention cue and
pressed the spacebar to use the Sword in response. Noticing
her mistake, P5 said “Oh, wait no. I chose the wrong option...
’Cause I thought that guy had the Bomb, so I had to
choose the Sword.” Over the next several rounds, P5 ex-
plained what her observations told her about how the game
worked. She described how “Takeshi brought out the Dart,
[my avatar is] supposed to bring the Bomb, but instead she
brought the Dart... That was the point where I was like
‘is she saying for herself or the guy?” She carefully and
critically analyzed her avatar’s actions and explained that
“Later in the round it kinda, like, made sense that they were
her thoughts about herself not Takeshi.”

5.3.2  Emotional Attitudes: Frustrated & Uninvolved. Participants
adopted different emotional attitudes towards playing the games.
When they were unable to make their avatars do what they wanted,
some participants became frustrated. Often, participants’ frustration
made them more interested in discovering how the games worked
and caused them to search for alternative ways to control their
avatars. However, when participants determined that they could
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Table 6: Definitions for the behaviours resulting from confusion exhibited by participants.

Behaviours Resulting from Confusion

Category | Concept | Definition
Exploration Player presses buttons to discover their effects
Learning Confirmation Player presses buttons to confirm that an expected effect occurs
Contemplation Player observes the game’s output without pressing buttons
Shadowing Player presses buttons along with automated actions
Superstitious Mashing Player presses buttons with no intended effect
Manner Modification Player modifies the way they press buttons to change their effects

not control their avatar in a way that they liked, they felt uninvolved
and gave up on trying to control it. Frustrated and uninvolved were
not the only ways participants felt while playing; P1 and P5 had
fun believing they could make the Spelunky avatar jump and P6 felt
accomplished when she correctly timed her attacks to hit the snakes.
Feeling frustrated and uninvolved contributed significantly to P1-3
and P6-9’s confusion and were therefore included as concepts in
our theory.

Frustrated: Participants were frustrated by the games when
they could not make their avatars do the actions they wanted
them to do. P6 did not know what to do when her opponent
chose the Sword and became frustrated that she was unable
to “rescue Emi” when her avatar intended to choose a Bomb.
She wanted some action she could do to help her avatar and
suggested that she should be made able to ‘reject” her avatar’s
selection with the ‘r’ key. But eventually P6 stopped being
frustrated and realized that she could reject her avatar’s sug-
gestions by choosing the Sword. She explained that “When
I stopped thinking about how to use the other weapons
and what to press to have the other weapons, I tried to an-
alyze how it works.” Frustration caused by the avatar not
doing what participants wanted caused some participants to
more critically analyze the game’s outputs.

Uninvolved: Participants felt uninvolved in play when they
could not make their avatars do what they wanted. P7 felt
uninvolved in playing Spelunky because her avatar made all
the decisions for her. She said “He’s the one who’s knowing
how to get out of this maze. Like, I feel really like I'm not
doing anything. I'm just doing what he wants.” Just as
in Ninja Showdown, P7 concluded that the optimal way to
play Spelunky was to press the spacebar as often as possible.
Since her avatar was “Just using what he wants”, P7 did not
need to improve her understanding of the game.

In sum, participants’ emotional attitudes towards the games af-
fected their analytical attitudes and consequently their behaviours.
Frustrated participants pressed buttons and reflected on their ob-
servations to verify that their mental models were correct. Overly
frustrated participants (i.e., P2, P3, & P7) stopped taking actions
and stopped trying to make sense of their observations.

5.4 Behaviours Resulting from Confusion

Participants cited many reason for pressing or not pressing buttons.
Their erroneous mental models and attitudes towards the games
caused them to exhibit both learning and superstitious behaviours

(Table 6). Sometimes participants would press buttons, or selectively
not press buttons, to learn what would happen. Other times, partic-
ipants superstitiously pressed buttons that had no effect, pressed
buttons with no express intention, or changed the way they pressed
buttons to make the avatars do different actions.

5.4.1 Learning Behaviours: Exploration, Confirmation, & Contem-
plation. Participants exhibited learning behaviours when they se-
lectively pressed buttons to learn their effects. Participants used
three types of behaviours to improve their understanding of the
games. They employed exploration when they pressed buttons to
observe their effects, confirmation when they pressed buttons to
confirm their effects, and contemplation when they did not press
buttons to observe what would happen.

Exploration: Participants exhibited exploration when they
pressed buttons to discover their effects. Participants often
wanted to control actions that they could not and would
explore the keyboard for ways to make their avatars do
them. P1 knew that the spacebar made his Ninja Showdown
avatar use the Sword, but wanted to make his avatar use the
Bomb and Dart attacks and tried pressing keys other than
the spacebar to make it do them. When asked why he was
pressing the arrow keys, P1 explained that “I’m going to
get to see what it does, because it’s only Swords” Eventually,
through a series of coincidences, P1 discovered that he could
make his avatar use the Bomb with the left arrow key and
the Dart with the right arrow key, even though he actually
could not. Participants who went looking for the keys that
made their avatars do what they wanted (i.e., P1-3, P8, & P9)
often believed that they could control these actions.

Confirmation: Participants exhibited confirmation when they
pressed buttons to confirm that they did what participants
expected. P9 was frustrated that “[Ninja Showdown] doesn’t
give you a chance to defend yourself” and tried pressing the
‘control’ key to make her avatar choose the winning weapon.
Coincidentally, the avatar did what P9 wanted, which led
her to suspect that she was the cause of the avatar’s action.
At the beginning of the next round, P9 said “I'm testing a
theory” and tried pressing the ‘control’ key again to confirm
her suspicion. When asked why she believed that ‘control’
may make her avatar choose the winning weapon, P9 said
“’Cause it just worked when I did it.” When they doubted
their understanding of how to control the avatars, P1-3 and
P7-10 tried pressing buttons to confirm their effects.
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Table 7: Definitions for the sources of confusion experienced by participants.

Sources of Confusion

Category | Concept | Definition
Misinterpreted Feedback Feedback whose meaning players misunderstand
Feedback Missed Feedback Feedback that players do not notice
Missing Feedback Feedback that does not exist but might otherwise prevent confusion

Inherited Expectations

Expectation that the game works like something else

Wrong Expectations Incorrect Mappings

Expectation that buttons control actions because of arbitrary associations

Wishful Thinking

Expectation of control borne of a desire for control

Contemplation: Participants exhibited contemplation when
they chose not to press buttons to observe what would hap-
pen. When asked whether she thought that she could make
her Spelunky avatar jump, P8 said “I don’t think so. I'm not
sure. But, I think that if  were to play it again, I'd just watch
what he does more and pay more attention to what I
actually have control over. [1 was watching] for whether
my pressing the bar had an action; for whether he would do
things on his own without. So, just for the, you know, whether
my pressing things was needed and whether it had an
effect.” While pressing buttons to explore and confirm their
effects led some participants to develop superstitions, not
pressing buttons and contemplating what happened helped
participants to dispel them.

5.4.2  Superstitious Behaviours: Shadowing, Mashing, & Manner
Modification. Participants exhibited superstitious behaviours when
they pressed buttons that did not have the intended effects. Shad-
owing occurred when participants pressed buttons along with auto-
mated avatar actions. Mashing occurred when participants pressed
buttons with no specific intention or to avoid an undesired outcome.
Manner modification occurred when participants changed the way
they pressed buttons to change their effects.

Shadowing: Participants exhibited shadowing when they pressed

buttons to make their avatars do actions they were already
doing. Most participants (i.e., P1, P3, P5-10) at some point
believed that they could make their Spelunky avatar jump
or pick up items by pressing the spacebar. P5 immediately
started tapping the spacebar along with her avatar’s jumping
in the first level of Spelunky. When asked if she thought that
she could make the avatar jump, P5 said “Sometimes I did but
sometimes I didn’t... I felt that it was my instinct that I
was making him do, but sometimes I didn’t press the key
and he was doing it by himself.” Jumping was an action
that only the automation could control but, since her avatar
was already jumping, P5 thought that she was contributing.
Mashing: Participants exhibited mashing when they pressed
buttons with no intended outcome or to avoid an undesired
outcome. P9 was unsure of what she could make her Spelunky
avatar do but pressed the spacebar anyway. When asked
whether the avatar did what she expected, P9 said “I don’t
know, because I don’t know what I’'m expecting him to
do.” We then asked her why she pressed the spacebar at all
and she said “Force of habit. I feel like I have to... ‘Cause if I
don’t, I die. See?” P9 had no expectation for what her avatar

would do when she pressed the spacebar; she believed only
that if she did not press it she would lose.

Manner Modification: Participants exhibited manner modi-
fication when they modified the way in which they pressed
buttons to modify their effects. If a desired outcome did not
occur, participants sometimes suspected that they pressed
the button at the wrong time or in the wrong way. P3 pressed
on different sides of the spacebar to influence her avatar’s
movement. Although P3 recognized that “spacebar is a space-
bar” and that pressing on different sides would not produce
different effects, she never entirely gave up hope that she
could guide her avatar. When asked if pressing on differ-
ent sides of the spacebar ever made her avatar do what she
wanted, P3 said “Yeah, yeah. It does. I feel like it does... I
wanted to go like this and sometimes it’s happen and
sometimes it’s not. Is that something, like, there is a con-
nection?”

The participants who developed the most accurate mental mod-
els of the games were those who struck a balance between pressing
buttons and not pressing buttons. As explained by P8, “As [my
avatar] was doing his stuff I was trying to pay attention to what
he was doing, but I was also trying to interact... It only meant
that sometimes I was just, you know, hitting it, as opposed to
really paying attention: ‘is it actually doing anything?” Partic-
ipants wanted to make their avatars do what they wanted them
to do and so would press buttons to feel more involved in their
avatar’s activities. They would misinterpret the games’ outputs in
favorable and convenient ways that aligned with their expectations
and desires.

5.5 Sources of Confusion

Participants developed erroneous mental models due to both the
feedback they received and their expectations for how the games
worked. Each participant approached the games with their own
set of expectations and so imagined that the games would work
in different ways. Participants’ incorrect expectations about how
the games worked caused them to misinterpret the games’ outputs.
In this section, we describe how feedback and participants’ wrong
expectations caused them to become confused about how the games
were controlled (Table 7).

5.5.1 Feedback: Misinterpreted Feedback, Missed Feedback, & Miss-
ing Feedback. Feedback is intended to inform users of the results
of their actions. This was a common source of confusion for par-
ticipants; they misinterpreted feedback in ways that agreed with
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their incorrect mental models of the games. Sometimes participants
missed feedback because they were looking for it in the wrong
places. Other times, participants’ button presses produced no ef-
fects and the games were missing feedback that might have helped
them to understand what happened.

Misinterpreted Feedback: Participants misinterpreted feed-
back when they misunderstood the meaning of the games’
outputs. Automated avatar actions sometimes produced out-
puts that participants misinterpreted as validating their er-
roneous mental models. P3 suspected that the ‘control’ key
might make her Ninja Showdown avatar use the Sword, pressed
it, became surprised that no Sword appeared, and said “I'm
thinking Bomb, where is the Sword?” In the next round, still
confused about why she did not see the Sword, P3 looked
at her opponent, noticed that it was using the Sword, and
said “Yeah, Sword is now there.” P3 misinterpreted her op-
ponent’s attack as feedback indicating that she was actually
in control of her opponent and successfully commanded him
to use the Sword.

Missed Feedback: Participants missed feedback when they
attended to the wrong parts of the games’ outputs. P2 knew
that she could make her avatar attack in Spelunky, but did
not know about the other actions she could control. She
pressed the spacebar to make her avatar throw a rope and a
bomb during the tutorial, but when asked why she pressed
the spacebar, P2 said “The space is for attack.” P2 could
not make sense of the Option cues, informing her of which
action her avatar would do, and so missed this feedback.

Missing Feedback: The games were missing feedback when
they produced no feedback informing participants of the
effects of their actions, or the lack thereof. Much of P3’s
confusion about Ninja Showdown seems to have been caused
by missing feedback in the tutorial. P3 pressed the spacebar
while her avatar was already using the Bomb, which indi-
cated to her that she could make her avatar use the Bomb.
There was a critical lack of feedback from the game that
might have informed P3 that her spacebar press had no ef-
fect.

5.5.2  Wrong Expectations: Inherited Expectations, Incorrect Map-
pings, & Wishful Thinking. Participants had the wrong expectations
when they expected the games to work in ways that they did not.
We found that some participants inherited expectations from other
systems they understood, as they expected the games to work in
similar ways. Some participants came up with incorrect mappings
inspired by arbitrary associations between the actions they wanted
to control and the buttons they believed should control these ac-
tions. Perhaps the greatest source of confusion for participants
was their desire to make their avatar do what they wanted it to do
and their wishful thinking when interpreting the games’ outputs in
ways that satisfied this desire.

Inherited Expectations: Participants inherited expectations
when they expected the games to work like other technolo-
gies they already understood. Both P1 and P5 immediately
shadowed the Spelunky avatar’s jumping out of “instinct”
(P5) and may have inherited an expectation that they could
make their avatar jump from platformers they played as
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children. For other participants, who were unfamiliar with
platformers, their expectations for how the games worked
seem to have been drawn from their expectations of other
technologies. P8 was shocked to discover that her Ninja
Showdown avatar was not as ‘smart’ as she expected and
would sometimes choose the losing weapon. When P8 tried
to intervene and make her avatar choose a different weapon,
she pressed the ‘enter’ key because “Enter does everything.”
Each participant approached the games with their own set
of expectations informed by the interactive systems they
already knew.

Incorrect Mappings: Participants came up with incorrect map-
pings when they hypothesized that buttons controlled ac-
tions because of an arbitrary association between them. P2
wanted her Spelunky avatar to jump over and avoid snakes,
so she repeatedly tapped the spacebar and asked “I want to
jump... Is there any way to jump?” Shortly after, P2 said
“I tried to press §’ and when asked why she chose the j’
key she said “The game didn’t tell me that but I just wish... I
Jjust think 5’ would be for jump.” Just as she had in Ninja
Showdown, when she hypothesized that she could make her
avatar use the Bomb and the Dart with the ‘b’ and ‘d’ keys,
P2 invented an incorrect mapping between the first letter in
the name of the action she wanted her avatar to do and the
key for that letter on the keyboard.

Wishful Thinking: Participants were given to wishful think-
ing when they believed that they could control actions that
they could not because they wanted to control these actions.
While describing what about the avatar’s behaviour was
frustrating, P8 said “Unless I have opportunities I don’t know
about... If she’s not [trustworthy] then I'm like ‘uh, am I miss-
ing something in the game? Is there another key that I have
access to that I don’t know about?” Being unable to make
their avatars perform specific actions made participants frus-
trated and prompted them to think wishfully about how the
games were controlled. P8 went on to explain how her desire
to make the her avatar use the Bomb led her to believe that
she could. She said “I thought I could, but I couldn’t, when
she needed to, but wasn’t. Cause I figured, if the goal is to
win and she can’t be trusted to do the right thing, there’s gotta
be somebody who can do it and I'm the only other person
here.” P8’s desire to make her avatar do specific actions led
her to expect that she could.

5.6 Summary

All ten participants were able to successfully play the games. How-
ever, we found that partial automation made participants confused
about how to control the games, answering RQ1. Participants’ frus-
tration with being unable to fully control their avatars led them
to spend a significant amount of their playtime trying to control
actions that they could not. They came up with convoluted ways of
playing that, because they did not actually produce the effects partic-
ipants expected, would only appear to work for so long. Participants
had to continually revise their mental models of the games and
consequently reinterpret the same outputs. Our grounded theory of
automation confusion describes the types of confusion participants
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experienced, answering RQ2. It explains how participants’ expec-
tations made them confused by the games, how their confusion
made them frustrated, how their frustration made them behave
differently, and how their behaviours led them to misunderstand
the games in new ways.

Our results also suggest that partial automation enabled non-
gamer participants to play games that they may have had great
difficulty playing otherwise. After P9 had played both games with
automation and completed the interview, we asked her to play
Spelunky without automation, using different buttons to jump,
move around, sprint, and use items. P9, and every participant who
preceded her, said that they would have preferred to play without
automation, so we wanted to check whether they could and ask
which version they preferred. P9 was unable to get her avatar to
jump across the first series of platforms and said “I can’t even jump
properly. I guess it’s not better if I have any controls.” P9 wanted
to use a bomb to circumvent a gap, but did not have any bombs, and
had to be told that bombs were finite. Although we cannot make
strong claims (see Section 6.3), we interpret P9’s difficulty playing
Spelunky without automation as evidence that partial automation
simplified how this game was controlled and reduced the number of
decisions participants needed to make. The automation performed
actions that P9 found difficult (i.e., jumping) and performed cog-
nitive tasks (i.e., resource management) that she was unaware of.
We planned to ask P10 to play without automation as well but,
surprisingly, she did not want to play without the automation.

6 DISCUSSION

All participants, except P4, experienced at least some confusion
about the automation and our theory of automation confusion de-
scribes the types and causes of confusion participants experienced.
We believe that our results may generalize to other non-gamers,
action games, and partial automation for the reasons listed below.

Non-gamers: Our results may generalize to other non-gamers
because we recruited non-gamer participants who wanted
to play games with their gamer friends and family (Table 1).
Most of our participants were women, a group that has been
historically marginalized by gamer culture [34, 39, 64], and
so may be representative of non-gamers generally.

Action Games: Participants played two action games and games
within the same genre often involve similar mechanics [49,
50]. Playing these games involved making complex and
real-time decisions with uncertain information and limited
time; these are exactly the conditions in which non-gamers
might benefit from partial automation. Due to the games’ me-
chanical similarities with other action games and the rapid
decision-making involved in playing them, we believe our
results may generalize to other real-time games in the action
genre.

Partial Automation: The games used in our study exemplify
the two forms of partial automation used in games. Ninja
Showdown provides input automation, controlling some in-
puts on the player’s behalf, while Spelunky provides one-
switch automation, mapping multiple actions to the same
button. Our theory of automation confusion synthesizes the
confusion caused by both types. This makes it difficult to
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directly compare the confusion caused by each game or each
type of partial automation, but provides designers a robust
and unified tool for understanding the confusion that might
arise in other partially automated games.

Understanding automation confusion may enable designers to
better realize partial automation’s potential to make digital games
simpler. In this section, we relate our findings to prior work, discuss
our findings’ implications, and propose guidelines for the design of
partially automated games.

6.1 Recommendations for Design

We designed both games with guidance from the literature, includ-
ing tutorials and awareness cues to help players understand the
automation, but our results suggest that more guidance is needed.
Our analysis identified several issues in the design of the games (e.g.,
unclear feedback & insufficient training) and the automation (e.g.,
ceding control & cooperation) that we believe can be addressed. In
this section, we provide recommendations for the design of partial
automation for non-gamers based on our observations.

6.1.1 Increase Control. Partial automation should afford players
as much control over their avatars as possible. The partially auto-
mated games used in our study were designed to help non-gamers’
play successfully by reducing their control. However, this confused
participants if they wished to make their avatars perform actions
which were not under their control. Instead of removing control
altogether, partial automation could allow both the player and the
automation to control all of an avatar’s actions at the same time,
falling back on the automation for support when the player fails to
act. This approach may scaffold non-gamers’ learning by allowing
them to choose which mechanics they control. This form of sup-
port is analogous to training wheels [9] or a stencil [43], where the
support is provided only when necessary, and could be removed
altogether if the player becomes proficient in the game.

6.1.2  Beware Misinterpretation of Feedback. Designers of partially
automated games should rigorously test the comprehensibility of
their games’ feedback with target players. Ninja Showdown and
Spelunky provided awareness cues designed to improve partici-
pants’ understanding, but participants often misinterpreted the
meaning of these cues. Confused participants continually revised
their mental models of the games and so ascribed different mean-
ings to the same outputs over the course of play. Had the meanings
of these cues been reinforced some other way, for example having
Emi say “I think I'll use a Dart this time” (instead of just showing a
Dart icon), then participants might have more faithfully interpreted
what the cues were designed to convey.

6.1.3  Provide Training. Partially automated games should provide
training for non-gamers to front-load their learning and thereby
minimize the learning they do during play. Instructing players on
how to play has fallen out of vogue for game design, in favor of
gameplay tutorials that teach players through play. However, we
believe that training participants on what they could control might
have prevented some of their confusion. Automated games could
show players what to do in a variety of gameplay situations and
also quiz players about what is happening in the game to verify
their understanding. Training was specifically requested by both P3
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and P8, who suggested that video game courses be made to teach
them how to play the games their children play.

6.1.4  Tell Players How to Cooperate. Partially automated games
should teach players how to cooperate with their avatars by telling
them what to do when they dislike their avatar’s behaviour. In Ninja
Showdown, most participants understood what to do when their
success was determined entirely by them. They often knew, for
example, that they should always make Emi use the Sword when
Takeshi used the Bomb, because Swords beat Bombs. However,
some participants were less sure what to do when their success was
dependent on the automation. When Takeshi used the Sword, press-
ing the spacebar would force a tie, while not pressing the spacebar
would result in either a win or a loss. Most participants wanted
to win. P6 wanted additional actions she could do to “save Emi”
and P9 was frustrated that there was no way to “defend yourself”.
Participants had significant difficult learning how to cooperate with
the automation and may have benefited from being told what to do
when they needed the automation to act.

6.2 Parallels to Automation Confusion in Other
Contexts

Many of our findings run parallel to, and may be partly explained
by, findings in other contexts that suggest humans employ magi-
cal thinking [23, 86] in their interactions with computers. In this
section, we discuss parallel findings from other contexts as well as
some of the more general implications of automation confusion.

Ilusion of Control: Langer found that human subjects were
prone to an illusion of control, believing that their choices
controlled events even when, rationally, they did not [52].
For example, people sometimes throw dice harder for high
numbers and softer for low numbers. These behaviours are
similar to the superstitious behaviours exhibited by partic-
ipants, such as when P3 pressed on different sides of the
spacebar to guide her avatar. Humans have a tendency to
accept evidence that confirms their beliefs [45] (i.e., con-
firmation bias) and also to infer causal relations from co-
occurrences [4, 96] (i.e., post/cum hoc ergo propter hoc), so
partial automation may promote such illusions.

Jakob’s Law: Jakob’s law is a principle in web design that
states: “Users prefer your site to work the same way as all the
other sites they already know” [58]. This idea that users expect
systems to work like more familiar systems may help explain
why participants who had played platformers expected to
be able to make their Spelunky avatar jump. Participants
expected the games to work like the interactive systems
they already knew and therefore become confused in ways
specific to their prior experiences. This phenomenon, in
which prior learning impedes further learning, is well known
in HCI as negative transfer [3].

Curious Rituals: Nova et al. compiled a list of ‘curious ritu-
als’ [62] users perform when interacting with digital devices,
such as tilting the controller when playing racing games.
While we did not observe these specific rituals, some of our
participants took to mashing, a strategy commonly employed
by novice fighting game players [18, 74]. These participants’
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mental models inadequately explained the consequences of
their button presses; they sometimes knew only that pressing
buttons made good things happen.

Mode Confusion: The mode of an automated system deter-
mines how it responds to users’ input [40]. Mode confusion
occurs when users provide inappropriate input because they
are unaware of the automation’s current mode [77-80]. Al-
though the games used in our study had no modes, players’
button presses did produce different outcomes depending on
the games’ states. P2, for example, pressed the spacebar to
make her Spelunky avatar attack and was surprised when
it instead threw a bomb. She was unaware that the automa-
tion had selected the bomb, because she thought it always
selected the whip.

Paradox of Automation: Feeling frustrated and uninvolved
are common to the experiences of pilots in highly auto-
mated aircraft. Wiener describes a situation in which pilots
were unable to perform a necessary maneuver because the
flight automation would not switch modes at the appropriate
time [61, 93]. The pilots explained that they would turn the
automation off, and revert to manual control, when it got
in their way. The paradox of automation is that “When the
workload gets heavy you turn off the thing that was designed
to reduce the workload.” [61] All participants, except for P10,
said that they would have preferred to play both games with-
out partial automation, although they likely would have been
unable to play Spelunky successfully.

Cheating the System: Our results show that automation can
make learning how interactive systems work a risky prospect
and can lead users to search for alternative ways to con-
trol the system. For example, pilots in highly automated
flight decks tried to ‘cheat’ the automation by entering fab-
ricated data into their instruments to trigger a change of
mode [61, 93]. Similarly, users of an automated operating
room humidifier did not understand the meaning of the de-
vice’s alarms and would simply power cycle the device when-
ever an alarm occurred [16]. Further investigation is needed
to understand how automation confusion, in a wider variety
of domains, might affect users’ mental model development.

6.3 Limitations

While our study’s results may generalize to other non-gamers learn-
ing to play partially automated action games, they are based on
the data of a small number of participants, so suggestions regard-
ing their generalizability are speculative. Further investigations
with more participants and a greater variety of partially automated
games are needed to determine whether similar forms of confusion
arise in different players and play contexts.

We did not ask participants to play the manual versions of the
games because we expected them to have great difficulty (see Sec-
tion 2.1). The difficulty posed by manual control may have caused
participants to expect subsequent automation conditions to also
be difficult, priming them to expect a negative experience. Further-
more, the inclusion of manual play would have greatly increased
session lengths. Manual play data would, however, have allowed
us to determine whether partial automation enabled participants,
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other than P9, to play and to isolate confusion caused by the au-
tomation from confusion caused by the games themselves.

The automation used in our study greatly reduced participants’
control and, although players may still become confused in similar
ways, it remains unknown how prevalent or problematic automa-
tion confusion can be when players have more control over the
game. Furthermore, our study’s exclusion of gamers makes it dif-
ficult to determine whether participants’ confusion was caused
by the automation or their lack of familiarity with game idioms.
Further studies could consider whether automation confusion man-
ifests differently, or at all, in players who have more control and
are more conversant with gaming conventions.

7 CONCLUSION

Partial automation can simplify games for non-gamers, but players
can become confused about what parts of the game they control. To
provide information about the prevalence and types of automation
confusion, we analysed gameplay and interview data from ten
non-gamers who played two partially automated games. Partial
automation made the games work differently than participants
expected, which made interpreting the games’ outputs difficult.
Participants experienced automation confusion when automated
avatar actions caused them to develop incorrect mental models
of how the games were controlled. Our systematic investigation
yielded a theory of automation confusion that provides designers
with new knowledge to inform the creation of more comprehensible
partially automated games and to improve the play experience for
a wider range of players.

REFERENCES

[1] Lisanne Bainbridge. 1983. Ironies of automation. Automatica 19, 6 (1983), 775-779.
https://doi.org/10.1016/0005-1098(83)90046-8

[2] Scott Bateman, Regan L. Mandryk, Tadeusz Stach, and Carl Gutwin. 2011. Tar-
get assistance for subtly balancing competitive play. In Proceedings of the 2011
annual conference on Human factors in computing systems - CHI °11. ACM Press,
Vancouver, BC, Canada, 2355. https://doi.org/10.1145/1978942.1979287

[3] Denis Besnard and Lucile Cacitti. 2005. Interface changes causing accidents. An
empirical study of negative transfer. International Journal of Human-Computer
Studies 62, 1 (Jan. 2005), 105-125. https://doi.org/10.1016/j.ijhcs.2004.08.002

[4] Denis Besnard, David Greathead, and Gordon Baxter. 2004. When mental models
go wrong: co-occurrences in dynamic, critical systems. International Journal of
Human-Computer Studies 60, 1 (Jan. 2004), 117-128. https://doi.org/10.1016/j.
ijhcs.2003.09.001

[5] Christophe Bortolaso, Jérémy Bourdiol, and T. C. Nicholas Graham. 2019. En-
hancing Communication and Awareness in Asymmetric Games. In Entertain-
ment Computing and Serious Games (Lecture Notes in Computer Science), Erik
van der Spek, Stefan Gébel, Ellen Yi-Luen Do, Esteban Clua, and Jannicke Baal-
srud Hauge (Eds.). Springer International Publishing, Cham, 250-262. https:
//doi.org/10.1007/978-3-030-34644-7_20

[6] Julie A. Brown. 2017. Digital Gaming Perceptions Among Older Adult Non-

gamers. In Human Aspects of IT for the Aged Population. Applications, Services and

Contexts (Lecture Notes in Computer Science), Jia Zhou and Gavriel Salvendy (Eds.).

Springer International Publishing, Cham, 217-227. https://doi.org/10.1007/978-

3-319-58536-9_18

Antony Bryant (Ed.). 2012. The SAGE handbook of grounded theory (paperback

ed., reprint ed.). SAGE, Los Angeles.

[8] David Matthew Burton, Amanda Kate Delaney, Stuart Vaughan Newstead,
David Logan, and Brian Noel Fildes. 2004.  Effectiveness of ABS and
Vehicle Stability Control Systems.  Royal Automobile Club of Victoria
Ltd.  https://research.monash.edu/en/publications/effectiveness-of-abs-and-
vehicle-stability- control-systems

[9] John M. Carroll and Caroline Carrithers. 1984. Training wheels in a user interface.
Commun. ACM 27, 8 (Aug. 1984), 800-806. https://doi.org/10.1145/358198.358218

[10] Jared E. Cechanowicz, Carl Gutwin, Scott Bateman, Regan Mandryk, and Ian
Stavness. 2014. Improving player balancing in racing games. In Proceedings of the
first ACM SIGCHI annual symposium on Computer-human interaction in play (CHI

=

[11

[12

(13

(14]

[15

[16]

=
=

(18]

[19

&
=

(28]

[29

[30

[31

[32

CHI 23, April 23-28, 2023, Hamburg, Germany

PLAY ’14). Association for Computing Machinery, New York, NY, USA, 47-56.
https://doi.org/10.1145/2658537.2658701

Kathy Charmaz. 2014. Constructing grounded theory (2nd edition ed.). Sage,
London ; Thousand Oaks, Calif. OCLC: ocn878133162.

Gabriele Cimolino, Sussan Askari, and T.C. Nicholas Graham. 2021. The Role of
Partial Automation in Increasing the Accessibility of Digital Games. Proceedings
of the ACM on Human-Computer Interaction 5, CHI PLAY (Oct. 2021), 266:1-266:30.
https://doi.org/10.1145/3474693

Gabriele Cimolino and T.C. Nicholas Graham. 2022. Two Heads Are Better
Than One: A Dimension Space for Unifying Human and Artificial Intelligence
in Shared Control. In CHI Conference on Human Factors in Computing Systems
(CHI ’°22). Association for Computing Machinery, New York, NY, USA, 1-21.
https://doi.org/10.1145/3491102.3517610

Tom Cole and Marco Gillies. 2022. More than a bit of coding: (un-)Grounded
(non-)Theory in HCI. In CHI Conference on Human Factors in Computing Systems
Extended Abstracts (CHI EA °22). Association for Computing Machinery, New
York, NY, USA, 1-11. https://doi.org/10.1145/3491101.3516392

Allan Collins and Dedre Gentner. 1987. How people construct mental models. In
Cultural Models in Language and Thought, Dorothy Holland and Naomi Quinn
(Eds.). Cambridge University Press, Cambridge, 243-266. https://doi.org/10.1017/
CB09780511607660.011

R. I. Cook, S. S. Potter, D. D. Woods, and J. S. McDonald. 1991. Evaluating
the human engineering of microprocessor-controlled operating room devices.
Journal of Clinical Monitoring 7, 3 (July 1991), 217-226. https://doi.org/10.1007/
BF01619263

Richard I. Cook, David D. Woods, Elizabeth Mccolligan, and Michael B. Howie.
1991. Cognitive consequences of clumsy automation on high workload, high
consequence human performance. https://ntrs.nasa.gov/citations/19910011398
NTRS Author Affiliations: Ohio State Univ. NTRS Document ID: 19910011398
NTRS Research Center: Legacy CDMS (CDMS).

Core-A Gaming. 2019. Analysis: Why Button Mashing Doesn’t Work. https:
//www.youtube.com/watch?v=_R0hbe8HZ;j0

Matthew Dalgleish. 2018. “There are no universal interfaces: how asymmetrical
roles and asymmetrical controllers can increase access diversity. GJA/M|E Games
as Art, Media, Entertainment 1, 7 (2018). https://www.gamejournal.it/?p=3449
Publisher: Ludica Section: Journal.

Vicente Diaz Gandasegui. 2010. The non-gamer. (June 2010). https://e-archivo.
uc3m.es/handle/10016/11280 Accepted: 2011-05-26T15:34:427Z.

Nintendo EAD. 2006. Wii Sports. Game [Wii]. Nintendo EAD, Kyoto, Japan..
Nintendo EAD. 2017. Mario Kart 8 Deluxe. Game [Nintendo Switch]. Nintendo,
Kyoto, Japan..

Danielle A. Einstein and Ross G. Menzies. 2004. Role of magical thinking
in obsessive—compulsive symptoms in an undergraduate sample. Depression
and Anxiety 19, 3 (2004), 174-179. https://doi.org/10.1002/da.20005 _eprint:
https://onlinelibrary.wiley.com/doi/pdf/10.1002/da.20005.

Barrie Ellis. 2021. One-Switch 100 (draft - early version 2 ed.).

Mica R. Endsley. 1995. Toward a Theory of Situation Awareness in Dynamic
Systems. Human Factors: The Journal of the Human Factors and Ergonomics Society
37,1 (March 1995), 32-64. https://doi.org/10.1518/001872095779049543

F. Flemisch, D. Abbink, M. Itoh, M-P. Pacaux-Lemoine, and G. Wef3el. 2016. Shared
control is the sharp end of cooperation: Towards a common framework of joint
action, shared control and human machine cooperation. IFAC-PapersOnLine 49,
19 (Jan. 2016), 72-77. https://doi.org/10.1016/j.ifacol.2016.10.464

José Pedro Pinto Garcia. 2021. Games for non-gamers: Approaching video games
from a non-gamer perspective. (July 2021). https://repositorio-aberto.up.pt/
handle/10216/135685 Accepted: 2021-12-20T00:19:11Z.

Kathrin Gerling and Maic Masuch. 2011. When gaming is not suitable for every-
one: playtesting wii games with frail elderly. In 1st Workshop on Game Accessibil-
ity.

Kathrin Maria Gerling, Matthew Miller, Regan L. Mandryk, Max Valentin Birk,
and Jan David Smeddinck. 2014. Effects of Balancing for Physical Abilities on
Player Performance, Experience and Self-esteem in Exergames. In Proceedings
of the 32Nd Annual ACM Conference on Human Factors in Computing Systems
(CHI ’14). ACM, New York, NY, USA, 2201-2210. https://doi.org/10.1145/2556288.
2556963 event-place: Toronto, Ontario, Canada.

Kathrin Maria Gerling, Frank Paul Schulte, Jan Smeddinck, and Maic Masuch.
2012. Game Design for Older Adults: Effects of Age-Related Changes on Structural
Elements of Digital Games. In Entertainment Computing - ICEC 2012 (Lecture
Notes in Computer Science), Marc Herrlich, Rainer Malaka, and Maic Masuch
(Eds.). Springer, Berlin, Heidelberg, 235-242. https://doi.org/10.1007/978-3-642-
33542-6_20

Barney G. Glaser and Anselm L. Strauss. 2010. The discovery of grounded theory:
strategies for qualitative research (5. paperback print ed.). Aldine Transaction,
New Brunswick.

Carl Gutwin and Saul Greenberg. 2004. The importance of awareness for team
cognition in distributed collaboration. In Team cognition: Understanding the
factors that drive process and performance. American Psychological Association,
Washington, DC, US, 177-201. https://doi.org/10.1037/10690-009


https://doi.org/10.1016/0005-1098(83)90046-8
https://doi.org/10.1145/1978942.1979287
https://doi.org/10.1016/j.ijhcs.2004.08.002
https://doi.org/10.1016/j.ijhcs.2003.09.001
https://doi.org/10.1016/j.ijhcs.2003.09.001
https://doi.org/10.1007/978-3-030-34644-7_20
https://doi.org/10.1007/978-3-030-34644-7_20
https://doi.org/10.1007/978-3-319-58536-9_18
https://doi.org/10.1007/978-3-319-58536-9_18
https://research.monash.edu/en/publications/effectiveness-of-abs-and-vehicle-stability-control-systems
https://research.monash.edu/en/publications/effectiveness-of-abs-and-vehicle-stability-control-systems
https://doi.org/10.1145/358198.358218
https://doi.org/10.1145/2658537.2658701
https://doi.org/10.1145/3474693
https://doi.org/10.1145/3491102.3517610
https://doi.org/10.1145/3491101.3516392
https://doi.org/10.1017/CBO9780511607660.011
https://doi.org/10.1017/CBO9780511607660.011
https://doi.org/10.1007/BF01619263
https://doi.org/10.1007/BF01619263
https://ntrs.nasa.gov/citations/19910011398
https://www.youtube.com/watch?v=_R0hbe8HZj0
https://www.youtube.com/watch?v=_R0hbe8HZj0
https://www.gamejournal.it/?p=3449
https://e-archivo.uc3m.es/handle/10016/11280
https://e-archivo.uc3m.es/handle/10016/11280
https://doi.org/10.1002/da.20005
https://doi.org/10.1518/001872095779049543
https://doi.org/10.1016/j.ifacol.2016.10.464
https://repositorio-aberto.up.pt/handle/10216/135685
https://repositorio-aberto.up.pt/handle/10216/135685
https://doi.org/10.1145/2556288.2556963
https://doi.org/10.1145/2556288.2556963
https://doi.org/10.1007/978-3-642-33542-6_20
https://doi.org/10.1007/978-3-642-33542-6_20
https://doi.org/10.1037/10690-009

CHI 23, April 23-28, 2023, Hamburg, Germany

[33] Carl Gutwin, Saul Greenberg, and Mark Roseman. 1996. Workspace Awareness

in Real-Time Distributed Groupware: Framework, Widgets, and Evaluation. In
Proceedings of HCI on People and Computers XI (HCI *96). Springer-Verlag, Berlin,
Heidelberg, 281-298.

Robert L. Harrison, Jenna Drenten, and Nicholas Pendarvis. 2016. Gamer Girls:
Navigating a Subculture of Gender Inequality. In Consumer Culture Theory.
Research in Consumer Behavior, Vol. 18. Emerald Group Publishing Limited,
47-64. https://doi.org/10.1108/S0885-211120160000018004

Bastian Ilse Hougaard, Ingeborg Goll Rossau, Jedrzej Jacek Czapla, Mozes Ador-
jan Miko, Rasmus Bugge Skammelsen, Hendrik Knoche, and Mads Jochumsen.
2021. Who Willed It? Decreasing Frustration by Manipulating Perceived Control
through Fabricated Input for Stroke Rehabilitation BCI Games. Proceedings of
the ACM on Human-Computer Interaction 5, CHI PLAY (Oct. 2021), 235:1-235:19.
https://doi.org/10.1145/3474662

Robin Hunicke. 2005. The case for dynamic difficulty adjustment in games. In
Proceedings of the 2005 ACM SIGCHI International Conference on Advances in com-
puter entertainment technology (ACE '05). Association for Computing Machinery,
New York, NY, USA, 429-433. https://doi.org/10.1145/1178477.1178573

Susan Hwang, Adrian L. Jessup Schneider, Daniel Clarke, Alexander Macintosh,
Lauren Switzer, Darcy Fehlings, and T.C. Nicholas Graham. 2017. How Game
Balancing Affects Play: Player Adaptation in an Exergame for Children with
Cerebral Palsy. In Proceedings of the 2017 Conference on Designing Interactive
Systems - DIS '17. ACM Press, Edinburgh, United Kingdom, 699-710. https:
//doi.org/10.1145/3064663.3064664

Renate Hauslschmid, Max von Biilow, Bastian Pfleging, and Andreas Butz. 2017.
SupportingTrust in Autonomous Driving. In Proceedings of the 22nd International
Conference on Intelligent User Interfaces (IUI ’17). Association for Computing Ma-
chinery, New York, NY, USA, 319-329. https://doi.org/10.1145/3025171.3025198
Fron Janine, Fullerton Tracy, Morie Jacquelyn Ford, and Pearce Celia. 2007. The
Hegemony of Play. (2007). http://www.digra.org/wp-content/uploads/digital-
library/07312.31224.pdf Publisher: The University of Tokyo.

Christian P. Janssen, Stella F. Donker, Duncan P. Brumby, and Andrew L. Kun.
2019. History and future of human-automation interaction. International Journal
of Human-Computer Studies 131 (Nov. 2019), 99-107. https://doi.org/10.1016/j.
ijhcs.2019.05.006

Philip Johnson-Laird. 2008. How We Reason. Oxford University Press. https:
//doi.org/10.1093/acprof:0s0/9780199551330.001.0001

Gavin Kane, Georg Eggers, Robert Boesecke, Jorg Raczkowsky, Heinz Worn,
Riidiger Marmulla, and Joachim Miihling. 2009. System Design of a Hand-Held
Mobile Robot for Craniotomy. In Medical Image Computing and Computer-Assisted
Intervention — MICCAI 2009 (Lecture Notes in Computer Science), Guang-Zhong
Yang, David Hawkes, Daniel Rueckert, Alison Noble, and Chris Taylor (Eds.).
Springer, Berlin, Heidelberg, 402-409. https://doi.org/10.1007/978-3-642-04268-
3.50

Caitlin Kelleher and Randy Pausch. 2005. Stencils-based tutorials: design and
evaluation. In Proceedings of the SIGCHI Conference on Human Factors in Com-
puting Systems (CHI "05). Association for Computing Machinery, New York, NY,
USA, 541-550. https://doi.org/10.1145/1054972.1055047

Ben Kirman, Conor Linehan, and Tom Feltwell. 2022. Inscrutable Games: How
Players Respond to Illegible or Opaque Game Design. In 25th International Aca-
demic Mindtrek conference (Academic Mindtrek 2022). Association for Computing
Machinery, New York, NY, USA, 31-40. https://doi.org/10.1145/3569219.3569392
Joshua Klayman and Young-won Ha. 1989. Hypothesis testing in rule discovery:
Strategy, structure, and content. Journal of Experimental Psychology: Learning,
Memory, and Cognition 15 (1989), 596-604. https://doi.org/10.1037/0278-7393.15.
4.596 Place: US Publisher: American Psychological Association.

Konami. 1981. Frogger. Game [Arcade]. Konami, Tokyo, Japan..

Jeamin Koo, Jungsuk Kwac, Wendy Ju, Martin Steinert, Larry Leifer, and Clifford
Nass. 2015. Why did my car just do that? Explaining semi-autonomous driving
actions to improve driver understanding, trust, and performance. International
Journal on Interactive Design and Manufacturing (IfIDeM) 9, 4 (Nov. 2015), 269-275.
https://doi.org/10.1007/s12008-014-0227-2

Phil Koopman. 2014. A Case Study of Toyota Unintended Acceleration and
Software Safety. https://betterembsw.blogspot.com/2014/09/a- case-study-of-
toyota-unintended.html

Raph Koster. 2005. A theory of fun for game design. Paraglyph Press, Scottsdale,
AZ. OCLC: 0cm57406861.

Raph Koster. 2014. Practical Creativity. https://www.gdcvault.com/play/1021472/
Practical

Todd Kulesza, Simone Stumpf, Margaret Burnett, and Irwin Kwan. 2012. Tell
me more? the effects of mental model soundness on personalizing an intelligent
agent. In Proceedings of the SIGCHI Conference on Human Factors in Computing
Systems (CHI ’12). Association for Computing Machinery, Austin, Texas, USA,
1-10. https://doi.org/10.1145/2207676.2207678

Ellen J. Langer. 1975. The illusion of control. Journal of Personality and Social
Psychology 32, 2 (1975), 311-328.  https://doi.org/10.1037/0022-3514.32.2.311
Place: US Publisher: American Psychological Association.

(53]

[54]

[55]

[56

[57]

[59

[60]

[61

[62

[63

[64

=
20,

49S
Do

(73]

(74

[75

[76

=
=

[78

Cimolino, et al.

John D. Lee and Katrina A. See. 2004. Trust in Automation: Designing for
Appropriate Reliance. Human Factors 46, 1 (March 2004), 50-80. https://doi.org/
10.1518/hfes.46.1.50_30392

N.G. Leveson and C.S. Turner. 1993. An investigation of the Therac-25 accidents.
Computer 26, 7 (July 1993), 18-41. https://doi.org/10.1109/MC.1993.274940 Con-
ference Name: Computer.

Lucas Medeiros and Flavio Coutinho. 2015. Developing an Accessible One-Switch
Game for Motor Impaired Players. In Proceedings of SBGames 2015. Teresina, PI,
Brazil, 236-239.

Patrick Millot and Marie-Pierre Pacaux-Lemoine. 2013. A Common Work Space
for a mutual enrichment of Human-machine Cooperation and Team-Situation
Awareness. IFAC Proceedings Volumes 46, 15 (Jan. 2013), 387-394. https://doi.
org/10.3182/20130811-5-US-2037.00061

Mossmouth. 2008. Spelunky. Game [PC]. Mossmouth.

Jakob Nielsen. 2000. End of Web Design. https://www.nngroup.com/articles/end-
of-web-design/

Donald A. Norman. 2013. The design of everyday things (revised and expanded
edition ed.). Basic Books, New York, New York.

Donald A. Norman. 2014. Some Observations on Mental Models. Psychology Press.
https://doi.org/10.4324/9781315802725-5 Pages: 15-22 Publication Title: Mental
Models.

Susan D. Norman and Harry W. Orlady. 1989. Flight deck automation: Promises and
realities. https://ntrs.nasa.gov/citations/19900004068 NTRS Author Affiliations:
NASA Ames Research Center, Orlady Associates, Inc., Los Gatos NTRS Meeting
Information: Proceedings of a NASA/FAA/Industry Workshop; 1988-08-01 to
1988-08-04; undefined NTRS Report/Patent Number: A-89196 NTRS Document
ID: 19900004068 NTRS Research Center: Legacy CDMS (CDMS).

Nicolas Nova, Katherine Miyake, Walton Chiu, and Nancy Kwon. 2012. Curi-
ous Rituals: Gestural Interactionin the Digital Everyday. https://curiousrituals.
wordpress.com/category/update/

Entertainment Software Association of Canada. 2020. Real Canadian Gamer
Essential Facts 2020. Technical Report.

Benjamin Paaflen, Thekla Morgenroth, and Michelle Stratemeyer. 2017. What is
a True Gamer? The Male Gamer Stereotype and the Marginalization of Women
in Video Game Culture. Sex Roles 76, 7 (April 2017), 421-435. https://doi.org/10.
1007/s11199-016-0678-y

M. P. Pacaux-Lemoine and S. Debernard. 2000. A Common Work Space to
Support the Air Traffic Control. IFAC Proceedings Volumes 33, 12 (June 2000),
75-78. https://doi.org/10.1016/S1474-6670(17)37280-4

Chris Palmer. 2020. The Boeing 737 Max Saga: Automating Failure. Engineering
6, 1 (Feb. 2020), 2-3. https://doi.org/10.1016/j.eng.2019.11.002

Raja Parasuraman and Victor Riley. 1997. Humans and Automation: Use, Misuse,
Disuse, Abuse. Human Factors: The Journal of the Human Factors and Ergonomics
Society 39, 2 (June 1997), 230-253. https://doi.org/10.1518/001872097778543886
R. Parasuraman, T.B. Sheridan, and C.D. Wickens. 2000. A model for types and
levels of human interaction with automation. IEEE Transactions on Systems,
Man, and Cybernetics - Part A: Systems and Humans 30, 3 (May 2000), 286—297.
https://doi.org/10.1109/3468.844354 Conference Name: IEEE Transactions on
Systems, Man, and Cybernetics - Part A: Systems and Humans.

Caroline Pelletier and Martin Oliver. 2006.  Learning to play in digi-
tal games. Learning, Media and Technology 31, 4 (Dec. 2006), 329-342.
https://doi.org/10.1080/17439880601021942  Publisher: Routledge _eprint:
https://doi.org/10.1080/17439880601021942.

Charles Perrow. 2011. Normal Accidents. Princeton University Press.
PlatinumGames. 2014. Bayonetta. Game [Wii U]. PlatinumGames, Osaka, Japan..
PlatinumGames. 2014. Bayonetta 2. Game [Wii U]. PlatinumGames, Osaka,
Japan..

John R. Porter and Julie A. Kientz. 2013. An empirical study of issues and
barriers to mainstream video game accessibility. In Proceedings of the 15th In-
ternational ACM SIGACCESS Conference on Computers and Accessibility (AS-
SETS ’13). Association for Computing Machinery, New York, NY, USA, 1-8.
https://doi.org/10.1145/2513383.2513444

Press Button Win. 2018. Think, Don’t Mash! Part 1: Winning in Street Fighter
With Five-ish Moves. https://www.youtube.com/watch?v=hhe6M9IngypU
Razbuten. 2019. What Games Are Like For Someone Who Doesn’t Play Games.
https://www.youtube.com/watch?v=ax7f3]JZJHSw

Tony Salvador, Jean Scholtz, and James Larson. 1996. The Denver model for
groupware design. ACM SIGCHI Bulletin 28, 1 (Jan. 1996), 52-58. https://doi.org/
10.1145/249170.249185

Nadine B. Sarter and David D. Woods. 1994. Pilot Interaction With Cockpit
Automation II: An Experimental Study of Pilots’ Model and Awareness of the
Flight Management System. The International Journal of Aviation Psychology 4, 1
(Jan. 1994), 1-28. https://doi.org/10.1207/515327108ijap0401_1 Publisher: Taylor
& Francis _eprint: https://doi.org/10.1207/s153271081jap0401_1.

Nadine B. Sarter and David D. Woods. 1995. How in the World Did We Ever Get
into That Mode? Mode Error and Awareness in Supervisory Control. Human
Factors 37, 1 (March 1995), 5-19. https://doi.org/10.1518/001872095779049516
Publisher: SAGE Publications Inc.


https://doi.org/10.1108/S0885-211120160000018004
https://doi.org/10.1145/3474662
https://doi.org/10.1145/1178477.1178573
https://doi.org/10.1145/3064663.3064664
https://doi.org/10.1145/3064663.3064664
https://doi.org/10.1145/3025171.3025198
http://www.digra.org/wp-content/uploads/digital-library/07312.31224.pdf
http://www.digra.org/wp-content/uploads/digital-library/07312.31224.pdf
https://doi.org/10.1016/j.ijhcs.2019.05.006
https://doi.org/10.1016/j.ijhcs.2019.05.006
https://doi.org/10.1093/acprof:oso/9780199551330.001.0001
https://doi.org/10.1093/acprof:oso/9780199551330.001.0001
https://doi.org/10.1007/978-3-642-04268-3_50
https://doi.org/10.1007/978-3-642-04268-3_50
https://doi.org/10.1145/1054972.1055047
https://doi.org/10.1145/3569219.3569392
https://doi.org/10.1037/0278-7393.15.4.596
https://doi.org/10.1037/0278-7393.15.4.596
https://doi.org/10.1007/s12008-014-0227-2
https://betterembsw.blogspot.com/2014/09/a-case-study-of-toyota-unintended.html
https://betterembsw.blogspot.com/2014/09/a-case-study-of-toyota-unintended.html
https://www.gdcvault.com/play/1021472/Practical
https://www.gdcvault.com/play/1021472/Practical
https://doi.org/10.1145/2207676.2207678
https://doi.org/10.1037/0022-3514.32.2.311
https://doi.org/10.1518/hfes.46.1.50_30392
https://doi.org/10.1518/hfes.46.1.50_30392
https://doi.org/10.1109/MC.1993.274940
https://doi.org/10.3182/20130811-5-US-2037.00061
https://doi.org/10.3182/20130811-5-US-2037.00061
https://www.nngroup.com/articles/end-of-web-design/
https://www.nngroup.com/articles/end-of-web-design/
https://doi.org/10.4324/9781315802725-5
https://ntrs.nasa.gov/citations/19900004068
https://curiousrituals.wordpress.com/category/update/
https://curiousrituals.wordpress.com/category/update/
https://doi.org/10.1007/s11199-016-0678-y
https://doi.org/10.1007/s11199-016-0678-y
https://doi.org/10.1016/S1474-6670(17)37280-4
https://doi.org/10.1016/j.eng.2019.11.002
https://doi.org/10.1518/001872097778543886
https://doi.org/10.1109/3468.844354
https://doi.org/10.1080/17439880601021942
https://doi.org/10.1145/2513383.2513444
https://www.youtube.com/watch?v=hhe6M9ngypU
https://www.youtube.com/watch?v=ax7f3JZJHSw
https://doi.org/10.1145/249170.249185
https://doi.org/10.1145/249170.249185
https://doi.org/10.1207/s15327108ijap0401_1
https://doi.org/10.1518/001872095779049516

Automation Confusion

[79] Nadine B. Sarter and David D. Woods. 1997. Team Play with a Powerful and

Independent Agent: Operational Experiences and Automation Surprises on the

Airbus A-320. Human Factors 39, 4 (Dec. 1997), 553-569. https://doi.org/10.1518/

001872097778667997 Publisher: SAGE Publications Inc.

Nadine B. Sarter, David D. Woods, and Charles E. Billings. 1997. Automation

surprises. Handbook of human factors and ergonomics 2 (1997), 1926-1943.

[81] Andrew Sears and Julie A Jacko. 2009. Human-computer interaction. CRC Press,

Boca Raton, FL. https://www.taylorfrancis.com/books/9780429143632 OCLC:

1330994974.

Zachary Spielman and Katya Le Blanc. 2021. Boeing 737 MAX: Expectation of

Human Capability in Highly Automated Systems. In Advances in Human Factors

in Robots, Drones and Unmanned Systems (Advances in Intelligent Systems and

Computing), Matteo Zallio (Ed.). Springer International Publishing, Cham, 64-70.

https://doi.org/10.1007/978-3-030-51758-8_9

Tadeusz Stach, Carl Gutwin, David Pinelle, and Pourang Irani. 2007. Improving

Recognition and Characterization in Groupware with Rich Embodiments. In

Proceedings of the SIGCHI Conference on Human Factors in Computing Systems (CHI

’07). ACM, New York, NY, USA, 11-20. https://doi.org/10.1145/1240624.1240627

event-place: San Jose, California, USA.

[84] Barry Strauch. 2018. Ironies of Automation: Still Unresolved After All These
Years. IEEE Transactions on Human-Machine Systems 48, 5 (Oct. 2018), 419-433.
https://doi.org/10.1109/THMS.2017.2732506

[85] Warhorse Studios. 2018. Kingdom Come: Deliverance. Game [PC]. Warhorse
Studios, Prague, Czech Republic..

[86] E.V.Subbotskil. 2010. Magic and the mind: mechanisms, functions, and development

of magical thinking and behavior. Oxford University Press, New York. OCLC:

ocn428731403.

Intelligent Systems. 2019. Fire Emblem: Three Houses. Game [Switch]. Intelligent

Systems, Kyoto, Japan..

[88] Katie Salen Tekinbag and Eric Zimmerman. 2003. Rules of play: game design
fundamentals. MIT Press, Cambridge, Mass.

[89] Zachary O. Toups, Jessica Hammer, William A. Hamilton, Ahmad Jarrah, William
Graves, and Oliver Garretson. 2014. A framework for cooperative commu-
nication game mechanics from grounded theory. In Proceedings of the first
ACM SIGCHI annual symposium on Computer-human interaction in play (CHI
PLAY ’14). Association for Computing Machinery, New York, NY, USA, 257-266.

[80

[82

[83

[87

CHI 23, April 23-28, 2023, Hamburg, Germany

https://doi.org/10.1145/2658537.2658681

United States. President’s Commission on the Accident at Three Mile Island. 1979.
Report of the President’s Commission on the Accident at Three Mile Island : the
need for change : the legacy of TMI. Washington : President’s Commission on
the Accident at Three Mile Island, 1979. https://search.library.wisc.edu/catalog/
999511007802121

Jennifer Villareale, Casper Harteveld, and Jichen Zhu. 2022. "I Want To See How
Smart This Al Really Is": Player Mental Model Development of an Adversarial
Al Player. Proceedings of the ACM on Human-Computer Interaction 6, CHI PLAY
(Oct. 2022), 219:1-219:26. https://doi.org/10.1145/3549482

Nicholas Watson. 2017. Procedural Elaboration: How Players Decode Minecraft.
Loading... 10, 16 (Feb. 2017). https://journals.sfu.ca/loading/index.php/loading/
article/view/181 Number: 16.

Earl L Wiener, United States, National Aeronautics and Space Administration,
United States, National Technical Information Service, and Ames Research Center.
1989. Human factors of advanced technology ("Glass cockpit") transport aircraft.
NASA Ames research Center ; For sale by the National Technical Information
Service, Washington, DC; Springfield, VA. OCLC: 224707113.

Ea Christina Willumsen. 2018. Is My Avatar MY Avatar? Character Autonomy
and Automated Avatar Actions in Digital Games.. In DiGRA Conference.

Philipp Wintersberger, Anna-Katharina Frison, Andreas Riener, and Tamara von
Sawitzky. 2019. Fostering User Acceptance and Trust in Fully Automated Vehicles:
Evaluating the Potential of Augmented Reality. Presence 27, 1 (March 2019), 46-62.
https://doi.org/10.1162/pres_a_00320 Conference Name: Presence.

[96] John Woods and Douglas Walton. 2019. Chapter 9. Post Hoc, Ergo Propter

Hoc. In Chapter 9. Post Hoc, Ergo Propter Hoc. De Gruyter Mouton, 121-142.
https://doi.org/10.1515/9783110816082-011

[97] Jason Wuertz, Sultan A. Alharthi, William A. Hamilton, Scott Bateman, Carl

Gutwin, Anthony Tang, Zachary Toups, and Jessica Hammer. 2018. A Design
Framework for Awareness Cues in Distributed Multiplayer Games. In Proceedings
of the 2018 CHI Conference on Human Factors in Computing Systems (CHI ’18).
Association for Computing Machinery, New York, NY, USA, 1-14. https://doi.
org/10.1145/3173574.3173817

Bei Yuan, Eelke Folmer, and Frederick C. Harris. 2010. Game accessibility: a
survey. Universal Access in the Information Society 10, 1 (June 2010), 81-100.
https://doi.org/10.1007/s10209-010-0189-5


https://doi.org/10.1518/001872097778667997
https://doi.org/10.1518/001872097778667997
https://www.taylorfrancis.com/books/9780429143632
https://doi.org/10.1007/978-3-030-51758-8_9
https://doi.org/10.1145/1240624.1240627
https://doi.org/10.1109/THMS.2017.2732506
https://doi.org/10.1145/2658537.2658681
https://search.library.wisc.edu/catalog/999511007802121
https://search.library.wisc.edu/catalog/999511007802121
https://doi.org/10.1145/3549482
https://journals.sfu.ca/loading/index.php/loading/article/view/181
https://journals.sfu.ca/loading/index.php/loading/article/view/181
https://doi.org/10.1162/pres_a_00320
https://doi.org/10.1515/9783110816082-011
https://doi.org/10.1145/3173574.3173817
https://doi.org/10.1145/3173574.3173817
https://doi.org/10.1007/s10209-010-0189-5

	Abstract
	1 Introduction
	2 Related Work
	2.1 Non-gamers & Gaming
	2.2 Partial Automation in Games
	2.3 Conceptualizing Automation
	2.4 Awareness
	2.5 Summary

	3 Partially Automated Games Used in the Study
	3.1 Ninja Showdown
	3.2 Spelunky
	3.3 Summary

	4 Method
	4.1 Recruitment
	4.2 Procedure

	5 Results
	5.1 Automation Confusion
	5.2 Types of Mental Model Errors
	5.3 Attitudes Towards the Games
	5.4 Behaviours Resulting from Confusion
	5.5 Sources of Confusion
	5.6 Summary

	6 Discussion
	6.1 Recommendations for Design
	6.2 Parallels to Automation Confusion in Other Contexts
	6.3 Limitations

	7 Conclusion
	References



