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Fig. 1. Gameplay gets mapped to abstract tasks, to uncover design opportunities, here for Tetris [G2]. Our
framework builds on core tasks from Flatla et al. [51] and Refai et al.[114].

Underneath their compelling audiovisual surface, games require players to carry out mundane interaction
work, such as pointing, typing, or steering. However, many of these underlying building blocks are not defined
rigorously, hampering synthesis and analysis. We elaborate on the origin of tasks within human-computer
interaction (HCI) and define tasks’ relationship to game terminology (game mechanics, goals, and actions). Our
framework draws on systemic-structural theory of activity to aid systematic analysis and exploration of game
design by mapping gameplay to abstract core tasks. The framework contains four task tools, applicable when
1) uncovering design properties, 2) designing experimental manipulation, 3) creating behavioral measurements,
and 4) describing gameplay in literature reviews of game genres and design techniques. We evaluated our
framework as a lens to design purposeful games in three case studies within a scientific education. We
invite researchers and practitioners to employ the framework as a microscope, to describe and design games
rigorously.
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1 Introduction
In a play-centric view of games, gameplay consists of players’ moment-to-moment interactions
within a playful (ludic) experience [49, 65]. Game scholarship often describes gameplay directly
through their audiovisual game elements, e.g. Counter-Strike [G40] as a game of combatants
walking, running, crouching, and jumping to evade and kill enemies, or Tetris [G2] as landing
falling blocks in a field. However, describing gameplay design with no further abstraction from
its audiovisual representation makes similar gameplay difficult to trace across publications in
game scholarship. Terms like ‘walking’ and ‘landing’, and ‘driving’ all describe similar forms of
interaction that fit under a general umbrella-term like steering [51, 114]. Thus, interactions in
gameplay can be abstracted from their representation and input modalities using overarching
umbrella-terms that represent the required underlying interaction work. Interaction work refers to
the low-level mental and physical tasks players perform that are embodied in the game environment.
By scrutinizing gameplay through the lens of task analysis, game designers can design what mental
and physical effort players exert repeatedly. This approach was initially explored in an essay by
Zimmerman [149] and followed up by work of Flatla et al. and Refai et al. who conceived core
tasks to examine tasks in gameplay [51, 114]. Core tasks represent “basic motor and perceptual
tasks” [114] situated within the cognitive band of human action in Newell’s bands of cognition [104].
Refai et al. classified, for instance, moving a player character as a steering task and moving a gun as
a pointing task [114]. Notions like goals and actions are well-studied in game ontology research, but
tasks warrant further formal consideration. Task analysis provides an interaction-oriented game
design lens that complements existing formal approaches to goals [24], game mechanics [93], game
ontologies [40], and semi-formal approaches like game design patterns [15].

Initial game studies have already proved core tasks useful to identify and organize game assistance
techniques [114] and design calibration games [51]. Refai et al. used core tasks to identify 27 external
game assistance techniques, applicable to games irrespective of their representation [114]. However,
while previous work cross-connected game designs with tasks as an organizing term, no work has
elaborated on tasks in games or provided rigorous methods to deconstruct gameplay. A knowledge
gap concerning the origin, utility and scope of tasks hinders their further use and study in game
scholarship. What motivated the task and core task notions? How should scholars dissect steering
in Tetris and Counter-Strike across multiple input devices in practice? We address these questions
through a three-fold contribution:
(1) A systematic review of the task concept from its origins in the HCI literature to its relation to

central game concepts like game mechanics [122], game goals [24], and concepts from Debus’
game ontology [40].

(2) A core task inventory that refines Refai et al. and Flatla et al.’s core task list [51, 114] and
maps tasks to a wide range of application areas (Table 1). Our inventory exemplifies their
meaning, visually describes them, and provides starting points for future studies.

(3) A set of core task analysis tools (Table 2) along with a demonstration of how to identify task
properties, use tasks in game studies, and compare them across games. Three case studies
demonstrate the framework’s capabilities.

Our framework allows for in-depth modelling and analysis of gameplay interactions across game
genres, to help systematic meta-analysis in game scholarship. We elaborate on how to translate
between game mechanic inventories [40, 93, 122] and task hierarchies to enable gameplay analysis
at higher level, where patterns are more easily observable than in individual actions or mechanics.
The consistent abstract terminology we untangle for gameplay interactions becomes crucial when
research in games intersects with other fields, as exemplified by the discussions of untangling virtual
reality (VR) definitions [42]. Our analytical framework provides a microscope for contexts benefiting
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from attention to detail, for instance when designing games for novel input modalities (e.g. brain-
computer interfaces [16]), experimental protocol games [96], or games for sensitive environments,
(e.g. rehabilitation and treatment diagnosis [74]). However, we also highlight task abstraction
limitations for scholars who seek to generalize findings or create behavioral measurements (e.g.
assessing users’ spatial abilities from a steering task). Long-term, we hope that unfolding gameplay
with core task analysis into its individual interactions will provide the concise unit of analysis
required for experimental manipulations and measurements of player experience [2] to mitigate
validity threats [63].

2 Background
In this work, we investigated tasks as descriptive devices to analyze and design moment-to-moment
interactions in games. Our study scrutinized tasks as used within HCI and its relationship to games
as specifics (i.e. conceptual objects) from a ludological viewpoint, which considers games as formal
systems [40]. We approached task analysis as a complementary game design method to playtesting
as well as other methods like learning hierarchies (popularly referred to as skill chains or core
game loops) [36, 70] and game flow [129] (a model of enjoyment in games). The background starts
by surveying 1) the origin of tasks as a concept in HCI (Section 2.1), 2) tasks’ relationship to game
mechanics, goals and gameplay (Section 2.3), and 3) the core task notion as defined in previous
game scholarship [51, 114] (Section 2.4). Our survey did not constitute a fully exhaustive literature
review, but was scoped to bridge essential concepts to game scholarship.
The literature from the four major outlets of HCI and game scholarship (CHI, DIS, CHI Play,

FDG) was surveyed using the keywords activity theory, core mechanic, gameplay, game taxonomy,
literature review and task individually. We skimmed papers if their titles and abstracts suggested
the use of any of the above concepts, and applied the same criteria to the references of those papers.
After this filtering, we reviewed the resulting 187 publications and identified five publications that
contributed to the scientific discourse of the task concept [14, 57, 88, 114, 116]. We grouped the
resulting material into three separate topics detailed in Section 2.1-2.4:

• Section 2.1 reviews tasks’ origins, their meaning as interaction work and their known con-
ceptual dimensions within HCI.

• Section 2.2 provides our definition of tasks as a concept for gameplay analysis.
• Section 2.3 relates the meaning of tasks to existing game terminology like mechanics and
gameplay, to enable translation from game concepts to task concepts.

• Section 2.4 reviews how game scholarship has used tasks and elaborates on what ontological
work is needed to advance the use of the concept.

Based on our literature review, we created a refined list of core tasks and created a framework,
which explains the utility and applicability of core tasks to game design and scholarship.

2.1 Origins of Tasks in HCI
The scientific use of concepts like tasks and actions stem from a need to organize human activity
and knowledge to understand time, process, function and variability in behavior [44]. The most
probable origin of the concepts date back to observations of bricklayers’ work methods in the early
1900s [59] with the aim of finding the best way to perform the task to optimize the economical
design of work places. The idea of breaking down tasks into their elements to understand human
activities in systems became task analysis in the human factors and ergonomics field, which emerged
as a distinct discipline in the 1950s [127].

Task analysis was first introduced to the sub-field of HCI based on information processing psy-
chology focusing on user-system interaction [84]. Task analysis was used to derive and use objective
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measurements to compare and evaluate systems based on information processing theory [26]. HCI
scholars used predictive models based on GOMS (Goals, Operators, Methods, Selections), such as
the Keystroke-Level Model (KLM) to estimate task completion times and other objective criteria to
compare and evaluate system designs [26]. These task-analytical approaches enabled hypothetical
design and predictions of interaction scenarios down to every keystroke or mouse click. Later
in the late 1980s, task analysis became contextualized within activity theory, which considered
tasks within human activities and their social context [22]. During this time, scholars de�ned task
hierarchies to deconstruct user activities into tasks and goals in a given context [37, 116].

Unlike HCI's common use of activity theory, our main goal here is not to analyse and understand
how people use a given tool in a social context. Instead our goal is to use task analysis to help
unfold the game design space of theinteraction work, which designers want players to carry
out. Similar to Wensveen et al.'s framework, which details possibilities for coupling actions with
feedback and feedforward [144], we provide designers with game deconstruction tools to model
and systematically peruse interaction work possibilities. To this end, we drew on the established
and proven task hierarchies from activity theory surveyed by Rind et al. [116]. Moving forward,
we build on Cooper's task hierarchy [37] that, according to Rind et al.'s survey, provides the most
and explicitly named compositional levels (goal, activity, task, action, operation) for analysis [116].
Here,goalscarry the frame within which users carry out work and set their expectations for the
outcomes.Activity, task, actionandoperationrepresent ever more detailed levels of organization of
intermediate steps, which help users reach these goals [37]. The relationships between Cooper's
four levels are simple, but the framework does not formally de�ne the levels. To understand them
further, we drew on level de�nitions from the systemic-structural theory of activity (SSTA) [14].
The SSTA is an activity theory tailored to design-oriented research in HCI, which we matched to
Cooper's hierarchy, visualized in Fig. 2 and described below:

(1) An operation in the SSTA is the smallest atomic act and gets carried out subconsciously
by users' motor and mental systems. They are subdivisions of actions, which users carry
out consciously [14]. For example, the conscious action of shortly clicking a button can be
broken down into three subconscious operations:depressing, holdingandreleasing.

(2) An action is de�ned in the SSTA as �a discrete element of activity that ful�lls an intermediate,
conscious goal of an activity� [14]. Actions have temporal dimensions, a starting point, and a
result. In the SSTA, motor actions contain motor operations, whereas mental actions contain
cognitive and perceptual mental operations with no motor actuation. Examples of actions
include pressing a single key on the keyboard (e.g. as part of typing), holding down a mouse
button, or moving a mouse in a speci�c direction.

(3) A task comprises a sequence of one or more actions, making up a fragment of an activity
in the SSTA [14]. Users may, for example, perform a text editing task in a document, by
performing several key and pointing actions.

(4) An activity contains one or more tasks, which each represent a potential stage for analysis
in the SSTA [14]. For example, the text-editing task above may be one stage in the analysis
of the user's document writing activity.

(5) A goal directs users in their tasks and activities in the SSTA [14] and are fundamental to
understanding user needs in interaction design (the why) [37]. The goal of a text editing task
could be to correct misspellings.

Other SSTA concepts like function blocks (a level below operations), activity schemes, or work
processes [14] will not be covered in this article, as they extend beyond Cooper's task hierarchy
and are not central to our gameplay analysis framework. Instead, we elaborate on thetaskconcept
itself and what is known about it both within and outside of HCI.
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Tasks have received less attention in game scholarship, but more so in other HCI domains like
information visualization [18, 88, 116] due to their pivotal utility in design and evaluation [116].
Previous work in information visualization by Rind et al. [116] systematically compared task
de�nitions and usage to derive how tasks conceptually vary within scholarship, described in three
dimensions:

(1) Composition refers to the number of hierarchical levels into which a task has been broken
down [116]. In the example above, the text editing task is broken down into three levels (task,
action, operation) and situated within a writing activity. In the SSTA, additionalsub-task
levels can be introduced to analyze complex tasks [14].

(2) Abstraction refers to how a task is formulated [116]. Identifying a task astext editingis
an abstract way to describe interaction work. In contrast, �editing the summary of Mary
had a little lamb� is a concrete domain-speci�c task, which re�ects the exact work (which
text). Task abstraction help research systematically compare artifacts, generate and apply
guidelines [103].

(3) Perspective refers to whether a task is described from ahowperspective (how is work carried
out) or why perspective (the goal/objective of doing the work) [116]. For example, atext
editing tasksummarizes the implied work (sequence of actions), while acorrect misspellings
tasksummarizes the goal (why we are editing text).

To distinguish describing tasks from input or output modalities, we de�ne an additional fourth
dimension,Modality , relevant for games, which often support multiple unique input- and output
devices, like keyboards, joysticks, displays, sound and vibration.

(4) Modality refers to whether a task's label re�ects the user's interactions with input modalities
(input-level, e.g. pressing a sequence of buttons on a keyboard) or re�ects the outcome
perceivable from output modalities (output-level, e.g. editing text).

We observe that tasks described by desktop HCI often originate from users' interaction work
with input modalities and corresponding visual metaphors in computer interfaces [3, 50, 147].
A pointing taskcould for example involve moving apointing device, like a mouse, which moved
a pointer(virtual cursor) on the display. Such cases are easy to classify aspointingbecause the
motor-mechanical interaction work with the input modality matches the virtual interaction work

Fig. 2. The task hierarchy by Bedny and Harris, visually scoped to fit this article and annotated with goals
and consciousness levels (le�). Adaption of Rind et al.'s conceptual space and our additional dimension
modalityannotated with our examples (right).
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portrayed by the output modality. However, clarifying the modality is necessary when mismatches
occur, for instance, people may use a pointing device to perform atyping taskwith an on-screen
keyboard and conversely use a physical keyboard to perform apointing task, where holding down
buttons spatially moves the virtual cursor to a target position. In such situations, the analysis goals
decide whether input or output-modality analysis is desirable.

For the purpose of deconstructing gameplay, we focus on output-modality analysis of abstract
game tasks by how they are perceived by players in the game world. Abstract tasks make it possible
to step away from the super�cial audiovisual details in games representation and reason about
similarities across di�erent games. Output-modality analysis allows for conceptual description of
interaction work in gameplay instead of describing a particular play situation with a input device.
Pressing a buttonin the physical world becomespulling a triggerin the game world because users
match their motor actions to events caused by mechanics within the game world. This intention-
action-e�ect chain creates a sense of agency (the sense of controlling events in the outside world
through ones own actions) and action �uency, which has been linked to the �ow state [29] and
explains the intuitiveness of representational language. Thus, when we refer to aSteering task
in Tetris [G2] in Fig. 1, we refer to the interaction work observable from Tetris' stereotypical
audiovisual gameplay and not to controlling Tetris using a speci�c input device, like a steering
wheel. For convenience and clari�cation, we created a visual overview in Fig. 2 of all task concepts
presented, including relevant elements from Bedny and Harris's task hierarchy [14] and Rind et al.'s
task dimensions.

Tasks are frequently used outside of HCI, but follow di�erent conventions. The �eld of psychology
uses tasks to study [30], theorize [120], and measure human cognition [39, 54]. In these �elds,
tasks are named by their inventor (e.g.Stroop task[54]), measurement intention (e.g.antisaccade
task[54]) or refer to cognitive constructs like memory or attention (e.g. spatial working memory
task, attentional blink task [11, 12]). To our knowledge, task names in psychology are not bound by
guidelines, but are ad-hoc conventions to compare and synthesize earlier work [116].

2.2 Definitional Statement of Task

The above presentation of the conceptual space highlighted an unclear de�nition of the task concept
and its inconsistent use. Building a design framework for game design requires a de�nition of the
term's meaning and representation in the context of game interactions. Our de�nition draws on
Cooper's four level task hierarchy and matching concepts from Bedny and Harris's SSTA, which
delineates each concept's boundary for analysis. As part of accounting for its psychological design,
SSTA describes tasks as �some fragment of activity that is organized around a task goal� and as
�some situation requiring achievement of a goal under speci�c conditions� based on Leontyev's
theory of human consciousness in genetic psychology [90]. However, such de�nition is too broad for
deconstructing gameplay, and raises new questions (e.g. what is meant by situation and conditions?)
instead of providing speci�c answers (e.g. clearly stating tasks' relationship to goals, activities and
actions). While Bedny and Harris focused on creating models of human work in general, we harness
their concepts to deconstruct gameplay into models of work players perform. In the context of
deconstructing gameplay, we propose the following de�nition. A task..

(1) ..represents logical divisions of work in an activity.
(2) ..is comprised of one or more actions or subtasks.
(3) ..is organized around a goal (task goal) that directs players.
(4) ..describes work as its re�ected in the output-modality (by how the task embeds within the

game world).
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With this de�nition, we aim to emphasise tasks as representing work comprised of actions and
distinguish the task itself from the its goals. This distinction is important since other contexts may
justly consider tasks from goal-based perspectives [116]. For example, modeling tasks as speci�c
work (patterns of actions) is not always useful in daily life activities in which goals can be achieved
in countless ways. However, our design framework aims to demonstrate the utility of tasks as
work in context of designing game interactions, which are often carefully crafted experiences with
narrow solution spaces for which designers have clear visions of how goals should be achieved.
Our de�nition therefore puts emphasis on tasks as representing work, and we will refer to their
goals astask goals.

2.3 Tasks' Relationship to Game Terminology

Having motivated the relevance of tasks, their hierarchy for HCI and tasks' de�nition for game
analysis, we now review and contrast related notions from the game literature. During gameplay,
players perform actions in sequences, which scholars refer to asinteraction loops[36, 123] and
moment-to-moment activity[65]. These terms both describe core gameplay, emphasizing:

(1) the repeated sequence of actions games commonly demand players to perform,
(2) the focus on the real-time unfolding of events over their signi�cance for ulterior objectives.

Scholars describe games throughprocedures[55] (what players can do to achieve game goals)
or game mechanics[122] (the methods available to interact with the game world). These terms
focus on games' interaction opportunities rather than players' order of interactions. Historically,
scholars made e�orts to formalize language and unify the approach of studying games. Bjork
and Holopainen introducedgame design patterns[69] and a structural framework [15] to de�ne
and catalogue common phenomena in games, for example the �Invisible Wall� pattern, in which
invisible objects blocks the player's path. E�orts have since then identi�ed other patterns to assist
game design in domains such as serious games for brain injury [31] or identifying dark patterns
in game design [148]. A similar concept to game design patterns isludemefrom Koster'sGame
Grammarlanguage, which representselements of playand describe common game phenomena.
Game design patterns and ludemes are both practical one-size-�ts-all approaches, as opposed to
formal game structures which de�ne games beyond their representation.

To create a formal game structure, ontological research in game scholarship seeks to classify and
formally de�ne game concepts to understand their relationships and create a stable foundation
for analysis [1]. To establish a formal language structure around game elements, Debus reviewed
game ontologies to create a meta-ontology named Unifying Game Ontology (UGO) [40], which
breaks down games into six formally de�ned game elements:time, space, entities, randomness, goals
andmechanics. The UGO de�nes formal game elements and demonstrated how they correspond to
situations in gameplay. For example, anactivationmechanic makes it possible to press a button
to roll a digital die, while anavigationmechanic makes it possible for tokens to move in Ludo.
Ontologies like the UGO are working to address the lack of an agreed precise terminology, that
consider games beyond their representation layer [24,93]. The UGO mentions actions and sequences
of actions, but focuses on games as formal systems and does neither de�ne nor discuss the action
or task concepts needed to describe gameplay from a player-centric viewpoint. To di�erentiate
how task language and game ontology language di�er, we need to clarify the relationship oftasks
with game mechanics, andgoalsin the UGO.

2.3.1 Tasks and Game Mechanics.The task language is closely related to loops and game mechanics,
of which the latter is more de�ned, discussed [122] and reviewed [93] in previous work. Some
�elds, such as computational studies, use `game mechanics' to refer to logical rules within a
game [93], while in HCI studies game mechanics commonly refer to actions a�orded by the game's
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292:8 Bastian Ilsø Hougaard and Hendrik Knoche

Fig. 3. Players (top le�) engage in a game activity using an input (e.g. controller) and receive information
from an output (e.g. screen), creating action fluency, which embeds the player in the game world's language
(middle), abstracted by the UGO [40] (right).

interface [93]. Sicart formally de�ned game mechanics as �methods invoked by agents, designed
for interaction with the game state� [122]. The de�nition formally separates game mechanics
from game rules and places game mechanics at the same structural level as actions (consciously
invoking a mechanic once corresponds to performing an action), visualized in Fig. 3 as `Actions use
Mechanics'. Debus formally de�ned game mechanic as �the interaction with or alteration of some
value in the underlying formal system� [40] and identi�ed seven types of mechanics listed in Fig. 3,
right. Hence, players performing ajump action, in practice activate ajump mechanic which may
either be implemented through prescriptive rules or other means like physical laws [40]. Within
games, tasks can therefore correspond to the player activating a sequence of mechanics, making
it possible to map tasks to mechanics as depicted by the arrow labeled �Actions use mechanics�
in Fig. 3. We consider this relationship unidirectional because mapping mechanics back to tasks
requires establishing a mental model of user behavior (e.g. analyzing user interactions to establish
the likely order users may activate mechanics).

2.3.2 Tasks and Game Goals.Game scholarship also used and discussedgoals. Game ontology
research identi�ed goals on two levels: Ultimate goals (win, �nish, prolong) and imperative goals
(listed in Fig. 3, right) [24, 40]. Game ontology de�ned goals using neutral language that avoids
domain-speci�c wording and representational references [24], e.g. the termremovingrepresents
the formal equivalent of colloquialisms likekilling, eating, anddestroying. Goals carry similar
meaning in games and HCI. They de�ne for which end people act [37]. In essence, the concepts of
operation, action, task, and activity describe thewhat, while goals describe thewhy. Thus, goals can
be derived at every level of the task hierarchy when modeling a game. As shown in our conceptual
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model (Fig. 2, left), we consider ultimate goals to represent goals of a game on an activity level
and imperative goals to represent goals on a task level. In Fig. 3 we demonstrate how the task and
action levels relate to goals and game mechanics, in which a player performs a steering task to
reach a destination as the imperative goal, and wins the game as the ultimate goal.

2.3.3 Tasks and Feedback.Like with any interactive medium,feedbackandfeedforwardare es-
sential elements for designing games' user experience. Game designers spend considerable e�orts
on multi-modal feedback and feedfoward to achieve the desired game appearances and feels [67].
Game development popularly refers to this process as `juicing' [68, 121], which consists of adding
an abundance of (non-functional) feedback from player actions, to maximize the perception of
rewards [68, 121] (e.g. adding visual embellishments). Feedback and feedforward constitute founda-
tional pillars in HCI and interaction design. Vermeulen et al. reviewed and de�ned feedback and
feedforward as [137]:

� Feedback:�Feedback is provided during or after a user's action and informs them about the
result of performing their action.�

� Feedforward: �Feedforward occurs before the user's action and tells users what the result of
their action will be.�

Their de�nitions articulate feedback and feedforward at the action-level, making them compatible
with the systematic deconstruction and analysis of tasks. This paper draws on Vermeulen et al.'s
de�nitions and applies feedback and feedforward to all levels of the task hierarchy (operation,
action, task, and activity), which possibly expands Vermeulen's notions.

2.4 The Task Concept in Related Work

Having established the di�erence between tasks, goals, and mechanics in Section 2.3, we now
review how the task concept has so far been used within game scholarship and how we can extend
it. Generally, thetaskconcept has seen less use in game scholarship, which has more commonly
used theactionconcept. In the context of designing game interaction loops (core loops), Schell
introduced thelens of actionsto distinguish betweenresultant actionsandoperative actions. The
former describe actions by their relation to goals, while the latter describe them in terms of how
they must be performed (the interaction work) [121]. The same action may be considered both as
an operative and a resultant action. For example, a resultant action may be to hit targets as fast as
possible whereas its corresponding operative action would be moving a cursor to the next target.

So why do we need the concept oftasks? In Newell's time scale of human action, actions (in the
form of deliberate actsandcompound operations) stretch from 100 milliseconds to the 1 second level
(a single reaction might take 2-3 seconds), whereas tasks stretch within 10 seconds, 1 minute and
1 hour level [104]. Thus describing interaction work and its goal on the task-level summarize bigger
chunks of interaction where patterns are observable, than individual actions. Designing gameplay
based on players' interaction work is not a new idea - Zimmerman explored interaction work as a
frame for game design, by designingLOOP, a game played through gesture interactions [149]:

�Rather than asking what the game is about, ask what the player is actually doing from
moment to moment as they play. Virtually all games have acore mechanic, an action or
set of actions that players will repeat over and over as they move through the designed
system of a game.�

A similar concept to core mechanics was later explored by other authors ascore tasks[51, 114]
or human computational tasks[57] to create widely applicable design frameworks for game assis-
tance [114], calibration [51] and serious games [57]. Refai et al. de�ned core tasks as �The basic
motor and perceptual tasks that games require in order to interact with game mechanics.� [114]

Proc. ACM Hum.-Comput. Interact., Vol. 8, No. CHI PLAY, Article 292. Publication date: October 2024.



292:10 Bastian Ilsø Hougaard and Hendrik Knoche

based on Flatla et al.'s initial de�nition [ 51]. Core tasks resemble Rind et al.'s abstract tasks [116]
(explained in Section 2.1) and Newell's time scale of human tasks. Refai et al.'s core tasks seek to be
unit tasks(e.g. non-divisible tasks) and cover lower-level mental and physical skills from the 10ms-1s
cognitive band in Newell's bands of cognition [104]. Other scholars did not di�erentiate abstract
tasks in terms of higher or lower level rationalization [11, 12, 57]. Galli proposed a development
process for serious games that de�ned a human computational task as a �unit of work� assigned to
a user of a �human computation system� [57], but the psychological foundation does not allow for
a clear delineation for their tasks and use of the task concept. Refai et al. used a grounded theory
approach to identify core tasks in 54 games from distinct game genres and re�ned Flatla et al.'s
initial task list to 10 core tasks [51]. Refai et al.'s framework demonstrated the usefulness of core
tasks as a lens [114]:

�By organizing video game assistance at a fundamental level, through the lens of core
tasks, we assist in the portability and understanding of these techniques across games,
regardless of genre or platform.�

We searched for �core task� within the 400 publications citing Flatla et al. [51] and Refai et al. [114],
which yielded ten papers. Four of these used thecore taskconcept [13, 20, 27, 130], but with
undisclosed de�nitions and di�erent semantics from Flatla et al. For example, Budde et al. identi�ed
four core tasks within gameful environmental sensing with mobile devicescoverage, touch POI,
rendezvous, and(correct) sensing[19, 20]. But judging by Budde's task descriptions, their core
tasks stretch beyond Flatla et al.'s scope of core tasks, which focus on basic motor and perceptual
unit tasks [51]. Two of ten papers refer to Flatla et al.'s core task de�nitions without associated
use [34, 128]. We thus conclude that core tasks have currently been applied inconsistently and that
the concept awaits to be built upon in game scholarship. Refai et al. identi�ed and de�ned 10 core
tasks in commercial game titles, but methodological elaboration is needed to facilitate rigorous
core task analysis of games: what speci�c mental or motor actions would players perform during a
core task namedreaction time? Does avisual searchtask imply any form of motor interaction or
is it purely mental actions? Game mediums commonly imply some form of motor action unless
controlled by physiological interfaces, but previous work did not make clear distinction between
motor and mental core tasks. To make core tasks viable for game task analysis, each core task
needs comprehensive re�nement and scholars need analytical tools and rigorous methods to aid
the systematic modeling and deconstruction of user interactions in gameplay.

3 Refined List of Core Game Tasks

Refai et al.'s core task concept [114] proved broadly compatible with Cooper's task hierarchy [37]
and task concepts in the SSTA [14]. We therefore adopted the core task concept and re�ned Refai
et al.'s core task list further in Table 1. We designed our core task list to cover the most commonly
observed gameplay interactions and established formal criteria for task inclusion, based on the task
concept space introduced on the right side of Fig. 2, Section 2.1:

(1) Abstraction criterion : Tasks should be described in abstract phrases to enable wide com-
parison to other tasks.

(2) Perspective criterion : Tasks should be described by interaction work in thehow-perspective
and exclude considerations of goal to keep goal and task distinct concepts.

(3) Modality criterion : Tasks should be described from the output modality, focusing on virtual
interactions as represented in the game environment (instead of from the input modality,
where tasks become platform-speci�c).

Following these criteria, we �ltered and modi�ed Refai et al.'s list of core tasks [114]. The perspective
criterion omitted thereaction time task[114] because we consider reaction time an imperative goal

Proc. ACM Hum.-Comput. Interact., Vol. 8, No. CHI PLAY, Article 292. Publication date: October 2024.



A Core Task Analysis Framework for Gameplay 292:11

of any task (e.g. a reaction time task is any task in which the goal isoptimization[40]). We excluded
the body controls task[114] because it represented an input modality instead of a distinct type of
abstract interaction work (e.g. players could use body controls to solve pointing tasks), thus not
passing our modality criterion. We removed mentions of modality fromvisual search task(search
task), and shortenedsignal detection task(detection task) andsignal discrimination(discrimination
task) for clarity.

We created new core tasks from tasks we identi�ed in the surveyed literature [12, 57, 91, 147].
We directly importedtyping tasks[91], found in e.g. text adventure games like Zork [G35] and
drawing tasks[147], which are found in games involving creation, like Line Rider [G43]. In other
cases, tasks were not directly transferable from surveyed literature, due to irrelevancy, wrong
abstraction level, or overlap to existing core tasks. We introduced thecon�guration taskto cover
orderingandclusteringtasks described by Galli [57]. We included aselection taskto match notions
of making choices, like in visual novels such as Hatoful Boyfriend [G19], and aprediction task
to cover tasks featuring sensorimotor synchronization, like in e.g. rhythm-based games such as
Osu! [G14]. To conform to our de�nitions of tasks and actions as representing users' interaction
work, we categorized tasks by whether they imply any motor action. Core tasks denoted with
`mental' in Table 1, in practice must be followed by a motor task in which the player takes action
(e.g. performing visualsearch, so that the player knows where topoint). Mental core tasks cannot
be considered interaction work, but we �nd them reasonable to list sincework corresponds more
to cognitive demand in some game genres. For example, quiz game designers might reasonably
spend more time designing the quiz questions (cognitive demand) than how they are answered
(the interaction work).

This article provides a brief introduction to each core task listed in Table 1. Appendix A elaborates
on the development of each task further, describing task sub-concepts, criteria, and game examples.
To demonstrate tasks' meaning, we provide examples of how each core task has been studied in
games, HCI and psychology literature, as a guide (summarized in theApplication Areascolumn
in Table 1). However, we encourage further in-depth de�nition of tasks in game scholarship, akin
to Zabramski and Stuerzlinger's detailed analysis of drawing tasks for scienti�c experimentation in
HCI [147]. They de�ned drawing tasks in HCI using their W6 framework (where, when, what who,
why, with what) and established drawing tasks by identifying the challenges of modeling drawing
with pointing and steering models [3, 50]. De�nition and analysis e�orts of pointing, steering, and
drawing tasks in HCI focused mostly on predictive modeling for scienti�c experimentation, whereas
the broader de�nitions in our core task list are tailored to analyze and cross-connect gameplay. In
the next sectionsCore Task Analysis FrameworkandThree Case Studies), we demonstrate how to
analyze and design gameplay with core tasks from Table 1.
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Core Task De�nition:

�The basic motor and perceptual tasks that games require
in order to interact with game mechanics.� [114]

Task Label De�nition Application Areas

Aiming*
motor

�Accurately pointing at a target (possibly
using a device) and/or predicting the col-
lision between two objects, without out-
come signi�cation.� [114] (rev.)

Aiming assistance [64, 81] (games), sensorimo-
tor coordination for ball throwing [38] (psych.).

Pointing*
motor

�Accurately pointing at an accessible tar-
get with feedback about current pointing
position.� [114] (rev.)

Input device throughput [99, 110] (games), in-
terface pointing assistance for older adults [77]
(HCI), pointing gesture [66] (linguistics).

Steering*
motor

�Moving or guiding an object along a
trajectory.� [114] (rev.)

Semi-autonomous steering [87], input de-
vice preferences for racing games [117, 135]
(games), tunnel steering law [3] (HCI).

Drawing
motor

�Marking or laying out content in an area.�
(inspired by [147])

Sketch-based game to motivate practice [145]
(games), drawing task framework [147], device
evaluation for tracing [146] (HCI).

Activation
motor

�Initiating another mechanical system,
function, or item.� [40] (rev.)

Reaction time task dexterity [82] (games), mid-
air, tactile, and touch button performance [106]
(HCI).

Typing
motor

�Performing a sequence of input activa-
tions to enter data.�

Input sequence mining [139] (game telemetry),
automated stress detection when typing under
time pressure [91], Input rate [43] (HCI).

Selection
mental

Making a choice. [101] (dictionary, rev.).Multiple choice task dexterity (reaction
time) [82] (games), selection prediction and
deductive reasoning [126] (psych.).

Con�guration
mental

�Arranging items based on a particular
criteria (e.g. similarity).�

Co-located digital jigsaw puzzle design [136]
(games), Social convention e�ects on item or-
dering [60], packing problems [94] (psych.).

Memory*
mental

�Memorizing and recalling sets of items,
sequences, or mappings.� [114] (rev.)

Word recall as a mobile game [46] (games), Free
recall [53], serial recall [140] (psych.).

Spatial
Memory*
mental

�Remembering the location of items in a
space without persistent cues.� [114] (rev.)

Enhance learners' spatial orientation and mem-
ory to solve a treasure hunt steering task [92,
134] (games), spatial ability testing [107]
(psych.)

Detection*
mental

�Consciously perceiving a stimulus, such
as sound, light, or vibration.�[114] (rev.)

E�ects of aging on a reaction time activation
task [112] (psych.).

Discrimination*
mental

�Determining that there is a di�erence be-
tween two stimuli (e.g., determining that
two colors or two sounds are di�erent).�
[114]

E�ciency of visual discrimination in noise
patterns [21], inhibition of return e�ect
(psych.) [108].

Prediction
mental

�Anticipating an event's occurrence to act
on or synchronize with it.�

Synchronized movement between players [98],
auditory timing e�ects on exergame perfor-
mance & sense [5] (games), �nger tapping sen-
sorimotor synchronization [115] (psych.).

Search*
mental

�Finding a target in a �eld of distractors;
includes pattern recognition (determining
the presence of a pattern amongst a �eld
of distractors).� [114] (rev.)

Match-three puzzle games to test visual search
ability [33] (games), auditory search [48], vi-
sual search strategies [132] (psych.).

Table 1.Core tasksrepresents distinct abstract task categories for gameplay analysis. We created a refined
provisional list, based on Refai et al. al [114]'s tasks, which we marked with asterix (*). Appendix A further
details each core task with proposed sub-concepts, criteria, applications, and game examples.
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4 Core Task Analysis Framework

To support scholars and practitioners in deconstructing gameplay into core tasks, we created the
framework in Table 2, consisting oftools(top section) andapplication areas(bottom section). Our
core task toolkit covers four analytical tools: 1)identi�cation, 2)sequencing, 3)composition, and
4)examination. They can be applied to each scienti�c application area listed in the bottom of Table 2,
although their relevance may vary between topics. In the following subsections, we demonstrate
how to apply the most relevant tools within each application area.

Core Task Analysis Tools Guiding Questions

Identi�cation of tasks within the
game activity.

What interaction work does the gameplay demand?
What are the core task's properties?

Sequencingof core tasks within the
game activity.

When does the core task take place?
How frequently?

Compositionof core tasks to sub-
tasks, actions and operations.

Which sub-levels does the task contain?
How are task sub-levels ordered/repeated?

Examinationof games' core tasks
via principles of interaction design.

What is the player's goal of doing this task?
Which levels of feedback and feedforward exists
within the task?

#

Scienti�c Application Areas

Design Properties (Section 4.1)
Applying core task tools to �nd design
properties of a task.

How can the task be tweaked and adjusted?
What are the implications for underlying ac-
tions in the task?

Game Experiments (Section 4.2)
Applying core task tools to tasks in
experimental protocol games.

On which level (action/task/activity) are ma-
nipulations made and e�ects measured?
What does manipulation on other levels imply?

Behavioral Measures (Section 4.3)
Applying core task tools to develop
behavioral measurements.

What construct is implicitly measured?
What evidence underlies the task design?
Which other measures triangulates results?

Game Taxonomies (Section 4.4)
Applying core task tools to reviews
of game genres and techniques.

Which tasks characterize the reviewed topic?
How does the tasks vary and why?
What does variation mean for the topic?

Table 2. Our core task framework is an inventory of tools (top) and application areas (bo�om) for the core
task concept in games literature. Descriptions (le�) are accompanied by guiding questions (right) to provide
starting points.
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4.1 Task Analysis for: Design Properties

Description: The framework's �rst application area,design properties, concerns how core tasks can
be tweaked and adjusted. The core tasks list in Table 1 represent generalized basic perceptual or
cognitive unit tasks [114], but each task can be implemented di�erently in practice with di�erent
optimal sequences of action. A pointing task in Counter-Strike [G40] imply di�erent optimal
sequences of action than a pointing task in Portal [G41], because the games use pointing for
di�erent purposes (removing opponents, reaching the exit). Scholars can help uncover each core
task's design landscape [133] of task propertiesand document properties' known implications for
players' experience. We de�netask propertiesas the environmental qualities of gameplay which
a�ect players' perception of the task or how they perform it, without alteration to the task goal or
nature (akin totuning variablesin the design landscape [133]).
Example: To demonstrate how to apply the core task tools in this context, we reviewed a subset of
thepointing taskfamily, in the literature namedtarget-to-target pointing tasks, also called sequential
target pointing tasks [79]. In target-to-target pointing tasks, players must aim and hit a target, as
fast as possible, as precisely as possible, or within a time duration (an example is illustrated in the
top left of Fig. 4). Thetarget-to-targetpre�x indicates that targets appears after another (as opposed
to showing all targets at once). We used the toolIdenti�cation from Table 2 to �nd the properties of
target-to-target pointing tasks, listed in Table 3.

Target-to-Target Pointing Task Properties
Target Quantity: The number of targets in a single session (e.g. level). Increases task duration and can
challenge players' ability to sustain attention [80].
Target Appearance Quantity: Targets either appear assingle-target(only one valid stimulus appears at a
time) [62, 79, 124], or multi-target (multiple valid targets appear in parallel) [85]. Multi-targets allow for
experiential variation because quantities can change and players can choose which order to select them.
Target Location: Targets can be placed inrandom target location orderor apredetermined target location
order[79, 85, 124]. Predetermined location orders can be used to ensure challenging spatial layouts, allowing
for consistent movement segment analysis but locations may become predictable to players.
Target Lifetime: Targets may either appear for alimited lifetime[85, 124] or remain until having been
interacted with (in�nite lifetime) [79]. The time between the appearance of consecutive targets is called the
target-to-target interval(TTI) in psychophysiology, [62, 79].
Distractors: The implementation of distractors [85] increases the task di�culty (players must identify the
correct target before they can aim for it). If distractors have distinct visual features players perform feature
search [132] and if distractors look alike players perform conjunction search (serial search).
Target Movement: Targets may be in movement or static. Static targets may be harder to detect, whereas
moving targets attract attention but are di�cult to hit and increase chances of overshooting. Moving targets
are also a�ected by latency [95].
Target Size:The size of the target, includingvisual size(visual representation of size) andhitbox[89]. Larger
sizes lower the di�culty of pointing to the target, according to Fitts's law [50], which predicts performance
and has been studied in context of games (e.g. in [8, 17, 110]). Fitts's law is not always applicable, for
example when the hitbox and visual size don't correspond, which is often the case in games to compensate
for lag and e�cient hit calculation [89].
Target Distance: How much distance there is between targets. Higher distances increase traversal time
and pointing di�culty according to Fitts's law [50].

Table 3. To exemplify how to identify task properties, we compared the design of target-to-target pointing
tasks within HCI literature. The list describes each property, the way the property can vary and the implied
consequences for game design.

Proc. ACM Hum.-Comput. Interact., Vol. 8, No. CHI PLAY, Article 292. Publication date: October 2024.



A Core Task Analysis Framework for Gameplay 292:15

After uncovering task properties, thesequencingtool enables analysis of how properties change
over time in each task occurrence (e.g. when players advance to �the next level�). Designers can
create variation or increase challenge by changing task properties as tasks repeat by, for example,
increasingtarget distance. In addition to adjusting task properties, designers can decompose the
task (compositiontool) and examine feedback and feedforward levels provided by a modality
(examinationtool). We decomposed the pointing task in a Whack-A-Mole VR game [73] into three
levels shown in Fig. 4, lower left. To decompose Whack-A-Mole, we �rst analyzed each conscious
atomic act made possible by the game's mechanics, which becamemoveandactivateactions. A
sub-task leveltarget selection, was required to group themoveandactivateactions together. After
decomposition, weexaminedvisual feedback opportunities across operation, action, sub-task,
task, and activity levels shown in Fig. 4, right. Feedback on the operation-level consists of the
subconscious mapping between the movements of the player controller and the displayed cursor in
real-time. Whilst performing move actions, the player subconsciously calibrates their visuomotor
system to gain control and ownership over the cursor. On the action-level, the player performs
either amoveby moving the controller or anactivationto attempt a selection by pressing the trigger
button. The cursor's arrival at the destination marks the completion of the move, on which the
player decides on subsequent moves (Fig. 4Move Feedback). When attempting selection through
activation, the cursor lights up as visual con�rmation (Fig. 4Activation Feedback). The action
sequence of 1) moving to a correct mole, and 2) taking a shot at it, provides successful binary
sub-task feedback (Fig. 4Selection Success/Failure). In addition, the sub-task feedback can encode
performance indication such as selection speed or trajectory straightness (Fig. 4Selection Intensity).
Feedback on the task-level indicatestask progressionto players and can recognize continuously
good performance (Fig. 4Subtask Streaks). At the topmost activity-level, feedback provides closure
(Fig. 4Game Completion) and summarizes the player's performance in solving the tasks (Fig. 4
Game Score). As demonstrated by this description, the guiding principle for examining feedback in
task models is to consider information at each level in isolation from others - the start and end
points of each individual operation, action, task, and activity. Supplementary Material 2 provides
two step-by-step guides to show the exact steps in such analysis.

Fig. 4. VR whack-a-mole game by Hougaard et al. [73] (top le�) in which a player controls a cursor to hit
targets. The game's core task wasidentifiedanddecomposed(lower le�). Then weexaminedvisual feedback
in each task hierarchy and found 9 types (right).
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4.2 Task Analysis for: Game Experiments

Description: Scienti�c experimentation can use core task tools to determine what levels in the
task hierarchy to manipulate and measure in games. Scienti�c experimentation cover many topics:
1) gameplay environment (e.g. co-operative play, co-located play, competitive play) [102, 142],
2) techniques which alter players' experience of gameplay (e.g. game assistance, rewards, di�culty
adjustment) [9, 41, 61, 114], and 3) a�ective state during gameplay (e.g. frustration, motivation,
attention) [75, 78, 109]. Experimental protocol gamesrefer to games which are used as experimental
stimulus to study human behavioral patterns and scienti�c experimentation [96]. Scholars decide
how the studied concept is implemented and/or measured within a chosen type of gameplay
for their experimental design. The core task framework supports such decision-making in sci-
enti�c experimentation by enabling researchers to unfold what measurement and manipulation
opportunities exist through taskidenti�cation andcomposition.
Example: To demonstrate, we reviewed a study on dynamic di�culty adjustment (DDA) by Ang and
Mitchell [9]. The authors compared player-oriented di�culty adjustments (players press a button
to increase/decrease di�culty), system-oriented di�culty adjustments (the system determines
di�culty) and a control condition (no adjustment) in a Tetris-like game, exempli�ed in Fig. 5, left.
They adjusted di�culty by altering the Tetris blocks' falling speed. Using core taskidenti�cation, we
classi�ed Tetris' gameplay as asteeringtask: In Tetris, players perform sequences of right- and left-
movements to accomplish the task of steering each block into the designated spot of their choice.
Using core taskcomposition, we then uncovered the DDA concept across operation-, action-, task-
and activity-levels of Tetris, shown in Fig. 5, right, to study DDA on each level. On the operation-
level, adjusting di�culty could, for instance, imply manipulation of players' ability to perceive the
game state or make decisions (perception di�culty). On the action-level, adjusting di�culty implies
a hindrance to successfully perform each individual move action (moving di�culty). Task-level
di�culty adjustments manipulate the di�culty of the sequence of movements to make a block fall
into the right place (steering di�culty). Finally, activity-level di�culty adjustments make �nishing
the game activity harder, for instance, by introducing more tasks or requiring a higher game score
(completion di�culty). Ang and Mitchell's experiment [9] altered the blocks' falling speed, which
manipulated the task-level di�culty (steering di�culty), which indirectly a�ected players' ability
to accomplish the activity (completion di�culty). These �ndings clarify the task-level DDA as
the scope of their study and highlights activity-, action-, and operation-level DDA as unexplored
potential research avenues.

Fig. 5. To exemplify core taskexaminationin experimental protocol games, we examined the core task and
the task hierarchy in a game of Tetris (le�) studied by Ang and Mitchell[9]. Our examination revealed four
levels of dynamic di�iculty adjustment possibilities (right).
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4.3 Task Analysis for: Behavioral Measures

Description: Here we consider core tasks' utility to develop behavioral measurements, like, for
instance, comparing howsteeringtasks across a range of games improve users' spatial navigation
abilities. Methodological examination of game research revealed improper stimulus control [47],
imprecise hypothesis testing [138] and validity threats from experiential complexity [63], which all
impede clean experimental manipulation and threatens reproducibility in games research. But could
standardized task-based measurements created with our core task framework, address validity and
reliability threats in games research? Task and self-report measurements are frequently used and
criticized in psychology scholarship. Standardized task-measurements and questionnaires often cor-
relate weakly despite measuring the same presumed construct [39, 54, 143]. Weak correlation could
be due to poor reliability of behavioral measures, being designed to provide useful within-subject
di�erences but high error variance [39]. Yet self-report also has subject validity and reliability issues
stemming from bias including acquiescence bias [83], demand characteristics bias [105], recall
bias and social desirability bias [7]. The jingle-jangle fallacy may also be at play [39] - task-based
measurements and self-reported measurements which are believed to measure the same concept
might tap di�erent constructs. Studies therefore recommend using both measurement types [54].
Task-based measures may yield insight into a measurement while creating a too well-de�ned situa-
tion with clear goals, optimal conditions and in a short time-span [54]. Self-report measurements
yield insight into a measurement while creating a situation of increased self-awareness of cognition,
emotion and behavior [54]. Scholars must also be aware of potential transferability limitations
between abstract tasks. For example, it may be tempting to expect similar results between two
game studies, if each study use games based on the same task. A study by Baniqued et al., attempted
to map commercial games into categories, in terms of their cognitive demand, but two situations
with similar cognitive demand did not yield similar performance [11, 12].
Example: We visualized a game measurement scenario in Fig. 6, where a steering task in an
adventure game with and without landmarks is used to quantify users' spatial abilities (Fig. 6, left).
In the scenario, task performance indicators from captured game data are triangulated by measures
from self-reported questionnaire measurements and observations (Fig. 6, middle). The indicators
could conclude on users' spatial abilities (Fig. 6, right), but 1) results might not generalize to other
implementations, 2) there may be test-retest task reliability issues, and 3) users might behave
di�erently because the task is a well-de�ned situation not akin to other contexts. In summary, if
game scholars wish to examine player experience in a given task, considerable care must be taken if
the authors wish to articulate generalization towards other implementations. Results from tasks as
behavioral measurements or psychometric constructs ought to be triangulated with other measures
such as self-reported data or qualitative methods like interviews.

Fig. 6. A hypothetical scenario, which uses steering tasks as a behavioral measurement (le�). Three challenges
are presented (right).
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4.4 Task Analysis for: Game Taxonomies

Description: In game scholarship, literature reviews establish clearly bounded de�nitions of game
genres and concepts to highlight design and study opportunities. Here, the core task framework can
be used to organize and review previous scienti�c work, for example, toidentify what tasks were
used to study a game concept, or what kind of tasks characterize a game genre and its structure.
Example: To demonstrate, we examined applications of the task concept in context of an idle games
literature review by Alharthi et al. [6]. The authors identi�ed the characteristics of idle games in
terms of game features, play, mechanics, reward and user interface. In the review, the authors applied
grounded theory and open coding to 54 games, which they described via a game description, game
mechanics, rewards, interface, interactivity level, progress rate and an overview. They identi�ed
an interaction spectrum and described the conceptual relationship between incremental games
and idle games. We used taskidenti�cation and sequencingfrom the core task framework to
examine three game sub-typesclicker, minimalist andzero-playerfrom Alharthi et al.'s idle game
interaction spectrum. Fig. 7, left describes the three tasks (rapid activation, selection, andidle)
that we identi�ed and matched with Cardona-Rivera et al.'s imperative goals [24]. The three
game sub-types are characterized by the general composition and sequence of tasks. Players
obtain valuables by performing rapid activation tasks, the predominant interaction during clicker
games and at the beginning of minimalist games. In minimalist games, once players accumulate
enough valuables through rapid activation, theyselectitems in exchange for their valuables. The
selected items eventually let players idle (leave the game to progress on its own). In zero-player
games, idling happens when the game begins or after making initial selections (setup phase).
Fig. 7 (right) depicts how such sequences can be visualized based on the authors' provided textual
description of the three game sub-types [6]. The intention with visualizing genre sequences is
1) to enable comparison between stereotypical genre structures and structures in speci�c games
and 2) to facilitate a playground for structural invention. Designers can sequencerapid activation,
selectionand idle tasks to create new forms of idle gameplay. Additionally, the boundaries of
what constitutes idle games can be challenged by combining typical idle game tasks with tasks
unseen in the genre. Alharthi et al.'s literature review exempli�ed how to use a game genre as a
synthesis basis to understand the genre's scope, its cultural phenomenon, and history. However, to
categorize interaction work in games, game genres have less rigour because 1) they represent other
concepts than interaction work alone (e.g. 'Puzzle Games'), and 2) often describe games from their
representation (e.g. 'First Person Shooter'). Conversely, core tasks o�er a representation-agnostic
approach to review interaction work across di�erent game designs - a method we imagine could
sca�old design rigor, which scholars have voiced a need for within HCI literature reviews [118].

Fig. 7. We studied Alharthi et al. [6]'s literature review of idle games and extended it with core taskidenti-
fication. We identified three tasks (middle) and di�erentiated three sub-genres of idle games by their task
sequence and composition (right).
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5 Three Case Studies

We undertook three case studies to: 1) understand our framework's practical merits as a game design
lens and 2) shed light on its rigor, conceptual challenges, and limitations. Instead of merely designing
games for entertainment purposes, the case studies created experimental protocol games [96] which
also served as a designer's petri dish to research a game design tension or the impact of a game
design decision on users' game experience.

Three master of science student groups (11 students total) volunteered to conduct 5-months
regular semester project work under our supervision. The project followed principles of problem-
based learning (PBL) and research-based teaching, and did not require ethical approval. Prior to
project start, the students received an early revision of this paper without supplementary material
which included 1) The task hierarchy and game language overview (Fig. 2 and 3), 2) an early
text-only version of the core task list (Table 1), and 3) an early revision of the core task tools in
Table 2 without pictures. The groups received a hands-on introduction to the framework through a
one hour lecture at the projects' beginning. Each group chose a task to explore from Table 1 as
a basis for producing a game. The projects focused onpointing, steeringandselectionand were
instructed to identify games, which related to their chosen core task. Three weeks later, we arranged
a design workshop, shown in Fig. 8, left. The students had to organize their identi�ed games (in
total 46, see Supplementary Material 1) on a task map by their similarities and di�erences, to
identify task sub-types and task properties. The students studied a self-chosen scienti�c research
question and implemented three game prototypes, which we obtained permission to show in Fig. 8
and summarize.

5.0.1 Thrust to Shoot (Pointing).When games employ pointing tasks, pointing rarely relies on depth
movement. Shooting games often employ pointing devices, such as guns, where shooting actions
are activated by a trigger (e.g. a button press).Thrust to Shootis a VR pointing exergame, which
explored how shooting actions triggered throughthrustingmotions could introduce higher player
exertion in shooting games. The students developed motion-based thrusting (where arm movement
determines the shooting direction) and wrist-based thrusting (where controller angle determines

Fig. 8. The core task workshop (le�), where students jointly reviewed core tasks in commercial games and
organized games on A1-size �task maps� (le�). The students then designed and implemented three own game
prototypes: Thrust to Shoot (middle le�), Steering Clear (middle right) and Selection Manipulation (right).
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the shooting direction). They developed the target-to-target pointing task in a VR environment,
where red humanoid targets appeared to the left and right of the player who was embodied in a
blue humanoid body. Their study aimed to compare wrist- and motion-based thrusting in terms of
self-reported player agency, amount of upper limb movement measured from controller movement
and player performance measured from players' shot accuracy.

5.0.2 Steering Clear (Steering).In upper-limb rehabilitation contexts, patients train by repeating
motions, which can lead to boredom and fatigue. Virtual Reality enables motion tracking, which lets
games respond to player motions. In this project, the students explored how wrist rotation could
control a lateral steering task (steering an entity from side to side), which increased in di�culty
over time. They designed an obstacle course in which the player might avoid collision between the
obstacles (barrels) and a non-embodied character. They developed three steering methods: 1) letting
rotational movement drive the character's lateral movement speed, 2) mapping negative and positive
angles directly to di�erent lateral standing positions, and 3) letting rotational movement determine
the position of the obstacle course environment around the character, while the character stood
still. They studied exertion (how much hand movement was needed), performance (e.g. number of
obstacle collisions) and self-reported perceived steering di�culty.

5.0.3 Selection Manipulation (Selection).The project explored how games can a�ect player deci-
sions in selection tasks through feedforward. The student group's starting point was to explore
selection task sub-types, where the group identi�eddeduction-based selection(making a selection by
logic and reasoning) andrecall-based selection(making a selection by information kept in memory).
They examined properties of these selection sub-types, through the design and implementation
of a card game, in which players play against a computer opponent. Additionally, the card game
involved a computer-controlled spy ally who instructed players which cards to play against the
computer opponent in upcoming rounds (�In round 4, play the 4th choice�) and rewarded players
if they were able to recall the right cards. The students' study aimed to inform to what extent
highlighting cards could assist players with recalling their card, without making the �nal choice
on their behalf. The project aimed to record players' selection time, recall and deduction rate, and
(in)correct selections made within the highlighted zone.

5.1 Reflections on Case Studies

The case studies demonstrated the task framework's merits as a design lens across game genres
(shooter, endless runner, card game), modalities (gesture-based, VR controller rotation, mouse), and
core tasks (pointing, steering, selection). The students' successfully applied core tasks to shed light
on interaction work in gameplay, studying eitherinput-taskrelationships (e.g. di�erent transfer
functions) ortask-environmentrelationships (e.g. the impact of environmental feedback on users'
behavior). We conducted semi-structured interviews with group representatives two weeks after
the projects' end. Groups internally decided on a representative who participated in the interview
on a voluntary basis without compensation. After signing a consent form, the representative was
interviewed by a facilitator (primary author of the design framework) for 20-30 minutes, following
an interview guide. The facilitator asked students about their experience across three topics: 1) The
students' group project, 2) the kick-o� workshop and 3) the framework. To facilitate responses the
facilitator showed relevant images of the student's group project, the workshop and the framework.
We thematically analyzed audio transcriptions of interviews with a representative from each group
using open coding analysis [131]. Responses were categorized into themes inductively without
external review. We compared responses with our own noted observations from the workshop and
supervision meetings:

Proc. ACM Hum.-Comput. Interact., Vol. 8, No. CHI PLAY, Article 292. Publication date: October 2024.



A Core Task Analysis Framework for Gameplay 292:21

(1) Scoping:Early in the process, the core task list in Table 1 became a focusing device, and we
observed that it encouraged students to identify a narrow game design topic early in their
process. This was partially facilitated by the design workshop in which students showcased
how they had classi�ed commercial game titles within their chosen topic and received oral
feedback from peers and us. A student commented on how it a�ected their game design
process: �We ended up making our own [visualization] of the di�erent tasks possible in video
games [..].�

(2) Objectiveness:The core tasks gave students an informal language that kept their design
deliberations to formal language (e.g. is this morepointing-likeor aiming-like?). As one
student commented on the core tasks list in Table 1: �it was a way to dissect games and obtain
something more objective out of it.� He explained that they would previously describe games
by their similarity to other games (e.g.is this Dark Souls-like?), however this would often
dilute thematic aspects with gameplay design in game design discussions.

(3) Dissection:Students described that the simpli�ed task hierarchy adopted from the SSTA [14]
in Fig. 2 helped them break down gameplay �into something morebite-sized� as worded by
one student. A student commented: �We could just look at any game, try to break it down
according to the methodology you showed us and see what we can tell from that.� The task
deconstruction process worked well in tandem with creating game design landscapes [133],
where students positioned games by �nding gameplay similarities through task identi�cation.

(4) Method Intuition:When asked about their use of the tools in Table 2 to guide their design
process, students described relying most on examples from Section 4.1-4.4 and the oral lecture.
They chose not to apply the framework rigorously to every case and consulted the framework
mainly in case of doubt. A student commented �[...] we weren't following it with every
example or every game we found, but essentially this [the framework] is what we were
doing.�

Using the framework naturally posed challenges for the students as �rst-time users who were in
a learning process as part of their master of science education. Reaching consensus on modeling
and deconstructing complex gameplay in commercial game titles proved di�cult at times due
to di�erences in understanding, which at times diverted the design process into discussions of
task boundaries (e.g. aiming versus pointing) and what the levels in task hierarchy from the SSTA
constituted (e.g. when to consider something as an action or a task). During their background
research, students encountered similar terminology with di�erent meaning in other �elds, which
demanded sharpened analytical sense (e.g. isconsumer choicerelevant toselection?). To improve the
framework, students suggested 1) a step-by-step guide and 2) multiple examples of each task and
of deconstructing gameplay. To address the �rst suggestion, we created two step-by-step guides in
Supplementary Material 2 showcasing how to identify tasks, properties and construct task models,
and the introductory Fig. 1. To address the second suggestion we created a video demonstrating task
deconstruction across di�erent game titles, created icons of each task in Table 1, and exempli�ed
each task further in Appendix A through task descriptions, game screenshots, and task criteria.

6 Discussion

In this article we reviewed the task concept and its use within game scholarship, to create a
core task analysis framework. Our framework follows the underlying philosophy of looking at
games scienti�cally, and their game elements as something weighted, measured, and present
for a meaningful purpose. The contribution assumes that players' gameplay experience have
during gameplay can be conceptually modeled to inform the design of games as a system. Our
contribution considers games as speci�cs (as implied game objects), following a similar view as
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the UGO [40]. The language enables us to distinguish between games' in�nite representations and
their underlying formal systems, with �nite ranges of tasks and actions. We can for example, model
the interaction work underlying Tetris as a discrete-stepped lateral steering task and di�erentiate
it from Counter-Strike's evasive steering sub-tasks. This makes the core task framework ideal for
formal analysis of gameplay, for designers who wish to design on the basis of well-de�ned and
formally structured game concepts from ontological game research like the UGO [40]. In our view
this is an advantage to previous frameworks like game design patterns [69] and ludemes [86], where
central game concepts like space, elements, and mechanics are ill-de�ned and con�ated, as critiqued
by Debus [40]. Our formally structured interaction framework has utility for precise description,
which 1) addresses the call for higher rigour and consistency in how games are described in
studies [58], and 2) lays foundation for precise research questions that can lead to better statistical
rigour in game scholarship [138]. We hope our framework can be of use to game scholarship and
game design, the same way task abstraction has served scholarship in information visualization,
where e.g. Munzner's framework for analysis and design of information visualization lets designers
reason about and compare tasks across di�erent domain-speci�c data visualization situations [103].

As a lens, the core task framework enables precise temporal descriptions of commonly studied
concepts in interaction design, like comparing feedback types. Studies ofpositive/negative feedback
can use this lens to indicate when such feedback takes place, which objects are involved and at what
level (operation-, action-, task-, activity-feedback). Studies comparingbinary/discrete/continuous
feedback, can clarify whether feedback is continuous with respect to the perceived granularity of
the information that users receive or with respect to its temporal occurrence (feedback changes
in real-time). In the temporal domain, continuous feedback typically refers to feedback at the
operation-level in the task hierarchy.

In our own feedback analysis in Fig. 4, we chose to focus on visual feedback and limited our
feedback analysis to Wensveen et al.'s natural action-function couplings [144] in terms of time,
location, and expression possible on each level of the task hierarchy. For example, the player moves
the cursor in real-time, therefore the cursor is the object of interest for operation feedback and
the movement at that very moment is considered. However, unnatural couplings can easily be
made in such analysis, too. For example: 1) if instead the operation feedback changed another
object's appearance in response to the player's cursor movements (uncoupled location [144]), 2)
if the operation feedback changed the cursor, but determined feedback by a player's (aggregate)
game score, thus using information beyond what the individual operation unit provided (uncoupled
expression [144]). Although natural coupling concerns itself with actions [144], we found that the
notion of natural coupling applies equally well to the analysis at other levels in the task hierarchy.

We now turn our attention to edge cases concerning tasks. Our case studies in Section 5 high-
lighted challenges when bridging the modeled world to real world practice. At the time of running
the case studies, no prior games had been designed using the core task framework as a basis,
requiring the students to transfer theoretical examples to their own design process. The case studies
pointed at potential blurry concept boundaries, for example, where modeling games' interaction
work might �t into more than one core task category in Table 1. Rebenitsch and Engle de�ned, for
example,pointing-basedsteering, in which a player performpointingto steerthrough an environ-
ment [113], also known as �point and teleport locomotion� [56]. In such cases, core tasks can be
modeled as sub-tasking one another (e.g. a steering task containing a number of pointing sub-tasks),
although this breaks Refai et al.'s consideration of core tasks asunit tasks(non-divisible).

Game designers may �nd some core tasks similar in de�nition.Pointingandaiming, for instance,
both involve accurately pointing at a target, but pointing often follows the assumption that the
chosen target is immediately hit upon task completion (e.g. shooting with a gun), whereas aiming
involves predicting an object's trajectory and collision (e.g. throwing a ball). It raises the question
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of where to draw the boundary for considering a task distinct enough to be a core task category.
To enable clear distinction, we re�ned our provisional core task list in Table 1 based on their
distinguished interaction, their presence in previous work [51, 57, 114] and their observed presence
in commercial digital games. We provided additional information and examples of each core task
in Appendix A, to help readers identify and distinguish core tasks. In Appendix A, we also describe
core tasks from an input modality viewpoint, where actions become e.g. button press, push, tilt,
and tasks becomes sequences of them. We did not cover this viewpoint in detail to focus this article
on analysing game speci�cs and games' representation of tasks as de�ned by output modalities. We
refer readers interested in analysis of input modality interactions to other works, like Oulasvirta
et al.'s detailed account of button-pressing tasks as an open-loop control problem [106], or Carette
and Soraine's list of motor actions (preprint) [25].

Having looked at cases that are di�cult to solve, we now turn to cases where new tasks or
subtasks are needed. To streamline this process we suggest the following guidelines to navigate the
task concept space in Fig. 2:

� How should new tasks be labeled? Tasks represent interaction work in the form of a
sequence of actions. We suggest that tasks, including core tasks, should be labeled to closely
represent the implied interaction work to di�erentiate it clearly from any goal stretching
beyond the work itself. The same task can be performed by players with di�erent goals in
mind. Additionally, we advise scholars to label tasks from output modality and input modality
viewpoints if their context is gameplay (output) and/or playing a game on a speci�c input
device (input). In easy cases these viewpoints are identical (physical interaction matches
virtual representation), while in others, there is a mismatch (e.g.pointingwith a mouse to
virtually steera character).

� What level of task abstraction should be used? Game scholarship have already established
core tasksas a set of abstract unit tasks [114], which provide useful labels to characterize
gameplay. However, core tasks are merely distinct categories and do not aim to re�ect every
variation found in games. For task analysis in gameplay, we suggest authors provide additional
details that reveals key characteristics of a task in question. ATarget-to-target pointing task,
for instance, belong to thepointingcore task family, but the label speci�es a sub-type of tasks
in which targets appear one after another, which have implications for how players sequence
their actions.

� How detailed should models be in composition? When modeling gameplay, we advise
to strive for as minimal composition as is needed (e.g. use sub-tasks only if they represent
meaningful units of analysis). Models are merely structural devices meant to help game
designers and scholars understand a problem space.

6.1 Limitations and Future Work

The theoretical contributions presented in this article is fundamentally limited to the extent they
have been tested in our case study and by previous literature. All authors of this article have
previous experience within game design and scholarship, but the proposed application areas are
untested beyond the demonstrated game examples and case studies shown in this article.

In this article, we chose to focus our analysis on 1) simple games, where a single task dominates
the game activity, to cover a wider range of game types, and 2) purposeful games, where design
precision is needed to ful�ll an ulterior goal. Analysis of complex gameplay with many parallel
modalities may require describing trimmed segments of the full game activity (the core gameplay)
and layering multiple tasks (see e.g. the end of our supplementary video demonstration). Modeling
long scenarios can get complex, when analyzing complex gameplay in real-time as one whole.
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However our framework may aid game designers dissect segments of complex gameplay to its
individual parts that are the unit of analysis to reveal the underlying complexity of interactions,
much like a microscope.

We acknowledge that not all game designers may �nd such added precision useful or needed
to solve higher-level game design problems traditionally approached by playtesting and tacit
knowledge (gut feeling). However, in the design context of purposeful games, our task framework
aims to provide a complementary structuring device providing the di�erent levels at which designers,
for instance, can place Wensveen et al.'s feedback or feedforward information types [144]. Scholars
in ontological game research in need of modeling user interactions, will bene�t from the framework,
as a bridge from the game terminology in Debus's UGO [40] to Bedny and Harris's task hierarchy
in HCI [14]. Game designers developing skill chains [36, 71], can use the design framework to
potentially develop skill chain patterns to di�erent core tasks, enabling re-use and analysis across
groups of games, e.g. by identifying patterns in how players acquire skills to perform pointing
tasks. Our work expands high-level challenges likephysical coordinationor mastering complex
controlsfrom Adams and McMahon et al.'s challenge framework, by de�ning and exemplifying 14
motor and mental task categories for preciser gameplay analysis in both input modality and output
modality viewpoints.

The framework provides purchases in design and research. Our case studies gave re�ective
insight into how the students applied our framework in their design work and demonstrated a
scienti�c approach to study game design problems in a human-computer interaction context. We
designed our case studies as broad uncontrolled battle tests of the analysis tools and application
areas in our framework, laying the groundwork for more focused and rigorous future investigations.

The framework was a helpful focusing device in student design discussions but students called
for more examples and step-by-step guides to address challenges in navigating the design process.
Whether our now-provided supplementary guides, video and game examples can mitigate such
challenges remains an open question to be answered in further work. The case study �ndings
guiding our work were constrained by in�uencing factors such as the educational context, presence
of instructors, diversity and experience level of participating students. These factors collectively
a�ect the ecological validity of our case studies, which we seek to address in future work.

Our conceptual view of games and gameplay may not be suitable for all purposes, just like our
used notion of game is based on how games have been studied in the western world. We leave it to
other works to understand the task concept in related contexts such as narratology, storytelling or
level design. These contexts emphasize narrative and environmental context of interactions more
than the exact form of the interactions themselves.

Our framework builds upon a scoped systematic literature review, making the work limited
in its depth and precision compared to fully systematic literature review methods. The core task
overview in Table 1 provides a provisional list built upon previous work [51, 57, 114]. Each task
will need further comprehensive analysis and de�nition from both predictive modeling [147] and
gameplay analysis viewpoints.

In Section 4.3, we warned against using the task concept to generalize over actual players' expe-
riences or assume transferability of behavioral measurements. In addition, Cooper et al. cautioned
against solely focusing on tasks in design and not on the goals and users [37]. Cooper's caution
is within the context of using task analysis to understand how users use tools to solve real world
challenges in social contexts. However, in classic game design contexts, challenges themselves
are the subject of design, in which a fully controlled virtual environment determines available
solutions. In purposeful game contexts, we suggest game designers focus initially on overarching
goals to establish design constraints, and subsequently use task analysis within those constraints.
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Refai et al. noted that core tasks intend only to model a subset of skills required in practice to
play games, which do not include social or strategic skills [114]. Other authors covered such skills
by classifying gameplay through high-levelchallengeslike thinking outside the boxandstrategy,
tactics and logistics[4, 100].

Our case studies provided additional support in the form of design workshops and supervision
on top of the provided framework. Further studies are needed to assess the framework's standalone
value. Going forward, we believe the case studies can now become useful references for future
student supervision and help connecting our framework to real-world design processes. This paper
provides the task design framework in textual and theoretical form to give scholars fundamental
knowledge in models of game task hierarchies. We aim to support the framework's accessibility
and proliferation further in future work, by providing an illustrated overview of key terminologies
('cheatsheet'), or building interactive modeling tools of gameplay as task hierarchies, on our
framework website:https://gametasks ”create”aau”dk . We intend to explore how the framework
performs with the proposed aids (case studies, step-by-step guides, interactive tools) in the future
for further validation and iteration. This includes evaluating the framework with game industry
practitioners to identify its challenges and opportunities to �t into existing design processes and
practices, and evaluate its value in produced games. We encourage further de�nition of core tasks
from both input and output modality viewpoints. Similar abstract lists of core actions and operations
may be fruitful and we recommend taking UGO's list of mechanics as a starting point [40].

7 Conclusion

In this article, we established how to rigorously map gameplay to abstract tasks for game design
and scienti�c study. Our literature review examined how gameplay can be broken down into a task
hierarchy imported from the systemic-structural theory of activity [14], which we contextualized to
work within game ontology [24, 40, 122]. Our core task framework bridges task analysis theory into
game scholarship, to enable the dissection of what constitutes core gameplay. For game scholars,
we demonstrated the core task framework in four scienti�c application areas: design properties,
experiment manipulation, behavioral measures, and literature reviews. For game designers, we
demonstrated the framework as a design lens, using its tools to identify, sequence, decompose,
and examine gameplay. The framework can be used to analyze interactions in gameplay, invent
new unde�ned gameplay forms, and �nd novel combinations of core tasks. In three case studies,
core tasks proved to be a valuable focusing device to scope project work, but the case studies
highlighted classi�cation challenges, which arise when designing games which explore core task
boundaries. Going forward, we intend to study how practitioners and scholars �nd merit in the
core task framework as a lens for the game design process. Further studies are needed to validate
the application of the core task framework. We advise scholars interested in using core tasks as a
framing device for their work to consider our labelling guidelines in the discussion and hope our
contribution can inspire further e�orts to establish rigor in the design and analysis of gameplay.

8 Acknowledgements

The authors thank Susanne Bødker, Scott Bateman, and Mitchell McEwan for their invaluable
input. We also thank our colleagues and collaborators for early stage discussions and feedback, in
particular Niels C. Nilsson, Lars Evald, Iris Brunner and Mads Jochumsen. We thank all anonymous
reviewers past and present for their feedback, which has greatly shaped the framework. Finally, we
extend our gratitude to the Medialogy students at Aalborg University who collaborated with us,
especially our case studies' participating students: Christian Christiansen, Dávid Mockovský, Isaac
Makosa, Jason T. O. Mendes, Jacob H. L. Nielsen, Jesper T. Hansen, Johan L. Jensen, Kaulyaalalwa
N. N. T. Peter, Mads D. W. Pedersen, Mikkel S. M. Baunsgaard, and Oscar B. Zhou.

Proc. ACM Hum.-Comput. Interact., Vol. 8, No. CHI PLAY, Article 292. Publication date: October 2024.



292:26 Bastian Ilsø Hougaard and Hendrik Knoche

References
[1] Espen Aarseth and Sebastian Möring. 2020. The game itself? Towards a Hermeneutics of Computer Games. InProceedings

of the 15th International Conference on the Foundations of Digital Games (FDG '20). Association for Computing Machinery,
New York, NY, USA, 1�8. https://doi”org/10”1145/3402942”3402978

[2] Vero Vanden Abeele, Katta Spiel, Lennart Nacke, Daniel Johnson, and Kathrin Gerling. 2020. Development and validation
of the player experience inventory: A scale to measure player experiences at the level of functional and psychosocial
consequences.International Journal of Human-Computer Studies135 (Mar 2020), 102370. https://doi”org/10”1016/
j”ijhcs”2019”102370

[3] Johnny Accot and Shumin Zhai. 1997. Beyond Fitts' Law: Models for Trajectory-Based HCI Tasks. InCHI '97 Extended
Abstracts on Human Factors in Computing Systems(Atlanta, Georgia)(CHI EA '97). Association for Computing Machinery,
New York, NY, USA, 250. https://doi”org/10”1145/1120212”1120376

[4] Ernest Adams. 2013.Fundamentals of Game Design. New Riders, San Francisco.
[5] Iannis Albert, Nicole Burkard, Dirk Queck, and Marc Herrlich. 2022. The E�ect of Auditory-Motor Synchronization in

Exergames on the Example of the VR Rhythm Game BeatSaber.Proceedings of the ACM on Human-Computer Interaction
6, CHI PLAY (Oct. 2022), 253:1�253:26. https://doi”org/10”1145/3549516

[6] Sultan A. Alharthi, Olaa Alsaedi, Zachary O. Toups, Theresa Jean Tanenbaum, and Jessica Hammer. 2018. Playing to
Wait: A Taxonomy of Idle Games. InProceedings of the 2018 CHI Conference on Human Factors in Computing Systems
(CHI '18). Association for Computing Machinery, New York, NY, USA, 1�15. https://doi”org/10”1145/3173574”3174195

[7] Alaa Althubaiti. 2016. Information bias in health research: de�nition, pitfalls, and adjustment methods.Journal of
Multidisciplinary Healthcare9 (May 2016), 211�217. https://doi”org/10”2147/JMDH”S104807

[8] A.F. Anderson, D. Bavelier, and C.S. Green. 2010. Speed-accuracy tradeo�s in cognitive tasks in action game players.
Journal of Vision10, 7 (Aug. 2010), 748. https://doi”org/10”1167/10”7”748

[9] Dennis Ang and Alex Mitchell. 2017. Comparing E�ects of Dynamic Di�culty Adjustment Systems on Video Game
Experience. InProceedings of the Annual Symposium on Computer-Human Interaction in Play (CHI PLAY '17). Association
for Computing Machinery, Amsterdam, The Netherlands, 317�327. https://doi”org/10”1145/3116595”3116623

[10] APA. 2024. APA Dictionary of Psychology. https://dictionary”apa”org/
[11] Pauline L. Baniqued, Michael B. Kranz, Michelle W. Voss, Hyunkyu Lee, Joshua D. Cosman, Joan Severson, and Arthur F.

Kramer. 2014. Cognitive training with casual video games: points to consider.Frontiers in Psychology4 (Jan 2014), 1�19.
https://doi”org/10”3389/fpsyg”2013”01010

[12] Pauline L. Baniqued, Hyunkyu Lee, Michelle W. Voss, Chandramallika Basak, Joshua D. Cosman, Shanna DeSouza,
Joan Severson, Timothy A. Salthouse, and Arthur F. Kramer. 2013. Selling points: What cognitive abilities are tapped by
casual video games?Acta Psychologica142, 1 (Jan 2013), 74�86. https://doi”org/10”1016/j”actpsy”2012”11”009

[13] Scott Bateman. 2012.Social Feedback: Social Learning from Interaction History to Support Information Seeking on the
Web. PhD Thesis. University of Saskatchewan, Canada. http://hdl”handle”net/10388/ETD-2012-08-583

[14] Gregory Z. Bedny and Steven Robert Harris. 2005. The Systemic-Structural Theory of Activity: Applications to the Study
of Human Work.Mind, Culture, and Activity12, 2 (May 2005), 128�147. https://doi”org/10”1207/s15327884mca1202_4

[15] Sta�an Björk and Jussi Holopainen. 2003. Describing Games - An Interaction-Centric Structural Framework. InLevel
Up�CD-ROM Proceedings of Digital Games Research Conference 2003. DiGRA, Finland, 1�13.

[16] D. P. Bos, B. Reuderink, B. van de Laar, H. Gurkok, C. Muhl, M. Poel, D. Heylen, and A. Nijholt. 2010. Human-Computer
Interaction for BCI Games: Usability and User Experience. In2010 International Conference on Cyberworlds. IEEE,
Manhattan, New York City, 277�281. https://doi”org/10”1109/CW”2010”22

[17] Ben Boudaoud, Josef Spjut, and Joohwan Kim. 2022. FirstPersonScience: An Open Source Tool for Studying FPS Esports
Aiming. In ACM SIGGRAPH 2022 Talks (SIGGRAPH '22). Association for Computing Machinery, New York, NY, USA,
1�2. https://doi”org/10”1145/3532836”3536233

[18] Matthew Brehmer and Tamara Munzner. 2013. A Multi-Level Typology of Abstract Visualization Tasks.IEEE Transac-
tions on Visualization and Computer Graphics19, 12 (Dec. 2013), 2376�2385. https://doi”org/10”1109/TVCG”2013”124

[19] Matthias Budde. 2019.Distributed, Low-Cost, Non-Expert Fine Dust Sensing with Smartphones. PhD Thesis. Karlsruher
Institut für Technologie (KIT). https://doi”org/10”5445/IR/1000092736

[20] Matthias Budde, Rikard Öxler, Michael Beigl, and Jussi Holopainen. 2016. Sensi�ed Gaming: Design Patterns and Game
Design Elements for Gameful Environmental Sensing. InProceedings of the 13th International Conference on Advances
in Computer Entertainment Technology (ACE '16). Association for Computing Machinery, New York, NY, USA, 1�8.
https://doi”org/10”1145/3001773”3001832

[21] A. E. Burgess, R. F. Wagner, R. J. Jennings, and H. B. Barlow. 1981. E�ciency of Human Visual Signal Discrimination.
Science214, 4516 (1981), 93�94. http://www”jstor”org/stable/1687274

[22] Susanne Bødker. 1990.Through the Interface: A Human Activity Approach To User Interface Design. CRC Press, Boca
Raton. https://doi”org/10”1201/9781003063971

Proc. ACM Hum.-Comput. Interact., Vol. 8, No. CHI PLAY, Article 292. Publication date: October 2024.



A Core Task Analysis Framework for Gameplay 292:27

[23] Stuart K. Card, Thomas P. Moran, and Allen Newell. 1980. The Keystroke-Level Model for User Performance Time
with Interactive Systems.Commun. ACM23, 7 (July 1980), 396�410. https://doi”org/10”1145/358886”358895

[24] José P. Cardona-Rivera, Rogelio E. Zagal, and Michael S. Debus. 2020. A Typology of Imperative Game Goals.Game
Studies20, 3 (Sept. 2020), 1. http://gamestudies”org/2003/articles/debus_zagal_cardonarivera

[25] Jacques Carette and Sasha Soraine. 2019. Understanding the Player-Game Relationship through Challenges and
Cognitive & Motor Abilities. (2019). Preprint on webpage at http://www”cas”mcmaster”ca/~carette/publications/
MotorAbilities”pdf.

[26] John M. Carroll. 2003.HCI Models, Theories, and Frameworks: Toward a Multidisciplinary Science. Elsevier, San Francisco.
55�101 pages. https://doi”org/10”1016/B978-155860808-5/50004-6

[27] Jared Cechanowicz, Carl Gutwin, Briana Brownell, and Larry Goodfellow. 2013. E�ects of gami�cation on participation
and data quality in a real-world market research domain. InProceedings of the First International Conference on Gameful
Design, Research, and Applications (Gami�cation '13). Association for Computing Machinery, New York, NY, USA, 58�65.
https://doi”org/10”1145/2583008”2583016

[28] Yeonjoo Cha and Rohae Myung. 2013. Extended Fitts' law for 3D pointing tasks using 3D target arrangements.
International Journal of Industrial Ergonomics43, 4 (Jul 2013), 350�355. https://doi”org/10”1016/j”ergon”2013”05”005

[29] Valérian Chambon, Nura Sidarus, and Patrick Haggard. 2014. From action intentions to action e�ects: how does the
sense of agency come about?Frontiers in Human Neuroscience8 (2014), 1�9. https://doi”org/10”3389/fnhum”2014”00320

[30] Neil Charness and Jamie I. D. Campbell. 1988. Acquiring skill at mental calculation in adulthood: A task decomposition.
Journal of Experimental Psychology: General117 (1988), 115�129. https://doi”org/10”1037/0096-3445”117”2”115

[31] Jinghui Cheng, Dorian Anderson, Cynthia Putnam, and Jin Guo. 2017. Leveraging Design Patterns to Support Designer-
Therapist Collaboration When Ideating Brain Injury Therapy Games. InProceedings of the Annual Symposium on
Computer-Human Interaction in Play (CHI PLAY '17). Association for Computing Machinery, New York, NY, USA,
291�303. https://doi”org/10”1145/3116595”3116600

[32] Alexander Chernev, Ulf Böckenholt, and Joseph Goodman. 2015. Choice overload: A conceptual review and meta-
analysis.Journal of Consumer Psychology25, 2 (April 2015), 333�358. https://doi”org/10”1016/j”jcps”2014”08”002

[33] Alvin Chesham, Stephan Moreno Gerber, Narayan Schütz, Hugo Saner, Klemens Gutbrod, René Martin Müri, Tobias
Nef, and Prabitha Urwyler. 2019. Search and Match Task: Development of a Taski�ed Match-3 Puzzle Game to Assess
and Practice Visual Search.JMIR Serious Games7, 2 (May 2019), e13620. https://doi”org/10”2196/13620

[34] Benjamin Clyde. 2020.Young people's perceptions regarding motivations to play video games. Ph. D. Dissertation.
University of Birmingham. https://etheses”bham”ac”uk/id/eprint/10930/

[35] Linda F. Collins and Charles J. Long. 1996. Visual reaction time and its relationship to neuropsychological test perfor-
mance.Archives of Clinical Neuropsychology11, 7 (Jan. 1996), 613�623. https://doi”org/10”1016/0887-6177(97º81255-3

[36] Daniel Cook. 2007. The Chemistry Of Game Design. Gamasutra, 2007. https://lostgarden”home”blog/2021/03/13/the-
chemistry-of-game-design-2/

[37] Alan Cooper, Reimann Robert, and David Cronin. 2007.About Face 3: The Essentials of Interaction Design. Vol. 2007.
Wiley, New York City.

[38] Dena Crozier, Zhaoran Zhang, Se-Woong Park, and Dagmar Sternad. 2019. Gender Di�erences in Throwing Revisited:
Sensorimotor Coordination in a Virtual Ball Aiming Task.Frontiers in Human Neuroscience13 (2019), 1�15. https:
//www ”frontiersin”org/articles/10”3389/fnhum”2019”00231

[39] Junhua Dang, Kevin M. King, and Michael Inzlicht. 2020. Why Are Self-Report and Behavioral Measures Weakly
Correlated?Trends in Cognitive Sciences24, 4 (Apr 2020), 267�269. https://doi”org/10”1016/j”tics”2020”01”007

[40] Michael S. Debus. 2019.Unifying Game Ontology: A Faceted Classi�cation of Game Elements. IT-Universitetet i
København, Copenhagen.

[41] Alena Denisova and Eliott Cook. 2019. Power-Ups in Digital Games: The Rewarding E�ect of Phantom Game Elements
on Player Experience. InProceedings of the Annual Symposium on Computer-Human Interaction in Play (CHI PLAY '19).
Association for Computing Machinery, New York, NY, USA, 161�168. https://doi”org/10”1145/3311350”3347173

[42] J. E. Deutsch, M. F. Levin, J. L. Palmieri, and S. Bermúdez i Badia. 2021. Untangling Virtual Reality and Video Game
De�nitions: Discussion of Unifying Terminology. InVirtual Rehabilitation. ICVR, Victoria, British Columbia, 32.

[43] D.B. Devoe. 1967. Alternatives to Handprinting in the Manual Entry of Data.IEEE Transactions on Human Factors in
ElectronicsHFE-8, 1 (March 1967), 21�32. https://doi”org/10”1109/THFE”1967”233302

[44] Janet W. D. Dougherty and Charles M. Keller. 1982. Taskonomy: A Practical Approach to Knowledge Structures.
American Ethnologist9, 4 (1982), 763�774. https://doi”org/10”1525/ae”1982”9”4”02a00090

[45] Richard Eckersley, Richard Angstadt, Charles M. Ellertson, and Richard Hendel. 1995.Glossary of Typesetting Terms.
University of Chicago Press, Chicago, UNITED STATES.

[46] Passant El Agroudy, Pedram Khoshdani, Tilman Dingler, Geo�rey Ward, Paweª W. Wo¹niak, and Albrecht Schmidt.
2021. Prisoner of Words: Lessons Learnt from Mobile Gami�cation of Lab Memory Experiments. InExtended Abstracts
of the 2021 Annual Symposium on Computer-Human Interaction in Play (CHI PLAY '21). Association for Computing

Proc. ACM Hum.-Comput. Interact., Vol. 8, No. CHI PLAY, Article 292. Publication date: October 2024.



292:28 Bastian Ilsø Hougaard and Hendrik Knoche

Machinery, New York, NY, USA, 256�261. https://doi”org/10”1145/3450337”3483502
[47] Malte Elson and Thorsten Quandt. 2016. Digital games in laboratory experiments: Controlling a complex stimulus

through modding.Psychology of Popular Media Culture5, 1 (2016), 52�65. https://doi”org/10”1037/ppm0000033
[48] Ranmalee Eramudugolla, Ken I. McAnally, Russell L. Martin, Dexter R. F. Irvine, and Jason B. Mattingley. 2008. The

role of spatial location in auditory search.Hearing Research238, 1 (April 2008), 139�146. https://doi”org/10”1016/
j”heares”2007”10”004

[49] Carlo Fabricatore. 2007. Gameplay and Game Mechanics: A Key to Quality in Videogames. Presented at ENLACES
(MINEDUC Chile) - OECD Expert Meeting on Videogames and Education. http://eprints”hud”ac”uk/id/eprint/20927/

[50] Paul M Fitts and James R Peterson. 1964. Information capacity of discrete motor responses.Journal of Experimental
Psychology: General67, 2 (1964), 103�112.

[51] David R. Flatla, Carl Gutwin, Lennart E. Nacke, Scott Bateman, and Regan L. Mandryk. 2011. Calibration games: making
calibration tasks enjoyable by adding motivating game elements. InProceedings of the 24th annual ACM symposium on
User interface software and technology (UIST '11). Association for Computing Machinery, New York, NY, USA, 403�412.
https://doi”org/10”1145/2047196”2047248

[52] International Organization for Standardization. 2000. Ergonomic requirements for o�ce work with visual display
terminals (VDTs) � Part 9: Requirements for non-keyboard input devices (ISO 9241-9:2000). https://www”iso”org/
standard/30030”html

[53] D. R. J. Franklin and D. J. K. Mewhort. 2002.An Analysis of Immediate Memory: The Free-Recall Task. Springer US,
Boston, MA, 465�479. https://doi”org/10”1007/978-1-4615-0849-6_30

[54] Naomi P. Friedman and Daniel E. Gustavson. 2022. Do Rating and Task Measures of Control Abilities Assess the Same
Thing? Current Directions in Psychological Science31, 3 (Jun 2022), 262�271. https://doi”org/10”1177/09637214221091824

[55] Tracy Fullerton. 2018.Game Design Workshop: A Playcentric Approach to Creating Innovative Games, Fourth Edition.
CRC Press, Boca Raton, Florida.

[56] Markus Funk, Florian Müller, Marco Fendrich, Megan Shene, Moritz Kolvenbach, Niclas Dobbertin, Sebastian Günther,
and Max Mühlhäuser. 2019. Assessing the Accuracy of Point & Teleport Locomotion with Orientation Indication for Vir-
tual Reality using Curved Trajectories. InProceedings of the 2019 CHI Conference on Human Factors in Computing Systems
(CHI '19). Association for Computing Machinery, New York, NY, USA, 1�12. https://doi”org/10”1145/3290605”3300377

[57] Luca Galli. 2014. Matching Game Mechanics and Human Computation Tasks in Games with a Purpose. InProceedings
of the 2014 ACM International Workshop on Serious Games (SeriousGames '14). Association for Computing Machinery,
New York, NY, USA, 9�14. https://doi”org/10”1145/2656719”2656727

[58] Kathrin Gerling and Max V. Birk. 2022. Re�ections on Rigor and Reproducibility: Moving Toward a Community
Standard for the Description of Artifacts in Experimental Games Research. InExtended Abstracts of the 2022 Annual
Symposium on Computer-Human Interaction in Play (CHI PLAY '22). Association for Computing Machinery, New York,
NY, USA, 266�267. https://doi”org/10”1145/3505270”3558360

[59] Frank Bunker Gilbreth and Robert Thurston Kent. 1911.Motion study: A method for increasing the e�ciency of the
workman. D. Van Nostrand Company, Oxfordshire, England.

[60] Michel Gilly and Jean-Paul Roux. 1988. Social marking in ordering tasks: E�ects and action mechanisms.European
journal of social psychology18, 3 (1988), 251�266. https://doi”org/10”1002/EJSP”2420180304

[61] Ingeborg Goll Rossau, Rasmus Bugge Skammelsen, J¦drzej Jacek Czapla, Bastian Ilsø Hougaard, Hendrik Knoche, and
Mads Jochumsen. 2021.How can we help? Towards a design framework for performance-accommodation mechanisms for
users struggling with input. Association for Computing Machinery, New York, NY, USA, 10�16. https://doi”org/10”1145/
3450337”3483497

[62] Craig J. Gonsalvez, Robert J. Barry, Jacqueline A. Rushby, and John Polich. 2007. Target-to-target interval, intensity,
and P300 from an auditory single-stimulus task.Psychophysiology44, 2 (2007), 245�250. https://doi”org/10”1111/j”1469-
8986”2007”00495”x

[63] David Gundry and Sebastian Deterding. 2019. Validity Threats in Quantitative Data Collection With Games: A
Narrative Survey.Simulation & Gaming50, 3 (June 2019), 302�328. https://doi”org/10”1177/1046878118805515

[64] Carl Gutwin, Rodrigo Vicencio-Moreira, and Regan L. Mandryk. 2016. Does Helping Hurt? Aiming Assistance
and Skill Development in a First-Person Shooter Game. InProceedings of the 2016 Annual Symposium on Computer-
Human Interaction in Play (CHI PLAY '16). Association for Computing Machinery, New York, NY, USA, 338�349.
https://doi”org/10”1145/2967934”2968101

[65] Joshua V. Hall, Peta A. Wyeth, and Daniel Johnson. 2014. Instructional objectives to core-gameplay: a serious game
design technique. InProceedings of the �rst ACM SIGCHI annual symposium on Computer-human interaction in play (CHI
PLAY '14). Association for Computing Machinery, New York, NY, USA, 121�130. https://doi”org/10”1145/2658537”2658696

[66] John B. Haviland. 2000.Pointing, gesture spaces, and mental maps. Cambridge University Press, Cambridge, GB, 13�46.
[67] Kieran Hicks, Patrick Dickinson, Jussi Holopainen, and Kathrin Gerling. 2018. Good Game Feel: An Empirically

Grounded Framework for Juicy Design. InProceedings of DiGRA 2018 Conference: The Game is the Message. DiGRA,

Proc. ACM Hum.-Comput. Interact., Vol. 8, No. CHI PLAY, Article 292. Publication date: October 2024.



A Core Task Analysis Framework for Gameplay 292:29

Tampere, 1�17.
[68] Kieran Hicks, Kathrin Gerling, Patrick Dickinson, and Vero Vanden Abeele. 2019. Juicy Game Design: Understanding

the Impact of Visual Embellishments on Player Experience. InProceedings of the Annual Symposium on Computer-
Human Interaction in Play (CHI PLAY '19). Association for Computing Machinery, New York, NY, USA, 185�197.
https://doi”org/10”1145/3311350”3347171

[69] Jussi Holopainen and Sta�an Björk. 2003. Game design patterns - Lecture Notes for GDC.
[70] Britton Horn, Seth Cooper, and Sebastian Deterding. 2017. Adapting Cognitive Task Analysis to Elicit the Skill Chain

of a Game. InProceedings of the Annual Symposium on Computer-Human Interaction in Play (CHI PLAY '17). Association
for Computing Machinery, New York, NY, USA, 277�289. https://doi”org/10”1145/3116595”3116640

[71] Britton Horn, Seth Cooper, and Sebastian Deterding. 2017. Adapting Cognitive Task Analysis to Elicit the Skill Chain
of a Game. InProceedings of the Annual Symposium on Computer-Human Interaction in Play (CHI PLAY '17). Association
for Computing Machinery, New York, NY, USA, 277�289. https://doi”org/10”1145/3116595”3116640

[72] Todd S. Horowitz. 2017. Prevalence in Visual Search: From the Clinic to the Lab and Back Again.Japanese Psychological
Research59, 2 (2017), 65�108. https://doi”org/10”1111/jpr”12153

[73] Bastian Ilsø Hougaard, Hendrik Knoche, Iris Charlotte Brunner, and Lars Evald. 2022. Whack-A-Mole VR: Demonstration
of Accessible Virtual Reality Game Design for Stroke Rehabilitation. InAdjunct Proceedings of the 2022 Nordic Human-
Computer Interaction Conference(Aarhus, Denmark)(NordiCHI '22). Association for Computing Machinery, New York,
NY, USA, Article 27, 2 pages. https://doi”org/10”1145/3547522”3547723

[74] Bastian I. Hougaard, Hendrik Knoche, Jim Jensen, and Lars Evald. 2021. Spatial Neglect Midline Diagnostics From
Virtual Reality and Eye Tracking in a Free-Viewing Environment.Frontiers in Psychology12 (2021), 5226. https:
//doi”org/10”3389/fpsyg”2021”742445

[75] Bastian Ilsø Hougaard, Ingeborg Goll Rossau, Jedrzej Jacek Czapla, Mózes Adorján Mikó, 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

[76] Bastian Ilsø Hougaard, Milo Marsfeldt Skovfoged, Lars Evald, Iris Brunner, and Hendrik Knoche. 2022. Virtual Motor
Spaces: Exploring how to amplify movements in VR stroke rehabilitation to aid patients with upper limb hemiparesis.
In Proceedings of the podium and poster presentations at the International Conference for Virtual Reality 2022. ICVR 2022,
Rotterdam, Netherlands, 21�22. https://doi”org/10”17605/OSF”IO/B85X9

[77] Juan Pablo Hourcade, Christopher M. Nguyen, Keith B. Perry, and Natalie L. Denburg. 2010. Pointassist for older
adults: analyzing sub-movement characteristics to aid in pointing tasks. InProceedings of the SIGCHI Conference on
Human Factors in Computing Systems (CHI '10). Association for Computing Machinery, New York, NY, USA, 1115�1124.
https://doi”org/10”1145/1753326”1753494

[78] Bjorn Hubert Wallander, C. Shawn Green, and Daphne Bavelier. 2011. Stretching the limits of visual attention: the
case of action video games.WIREs Cognitive Science2, 2 (2011), 222�230. https://doi”org/10”1002/wcs”116

[79] Netha Hussain, Margit Alt Murphy, and Katharina S. Sunnerhagen. 2018. Upper Limb Kinematics in Stroke and Healthy
Controls Using Target-to-Target Task in Virtual Reality.Frontiers in Neurology9 (2018), 1�9. https://doi”org/10”3389/
fneur”2018”00300

[80] Hanne Huygelier, Céline R. Gillebert, Raymond van Ee, and Vero Vanden Abeele. 2017. The Design of a Virtual
Reality Game for Stroke-Induced Attention De�cits. InExtended Abstracts Publication of the Annual Symposium on
Computer-Human Interaction in Play (CHI PLAY '17 Extended Abstracts). Association for Computing Machinery, New
York, NY, USA, 223�230. https://doi”org/10”1145/3130859”3131308

[81] Susan Hwang, Adrian L. Jessup Schneider, Daniel Clarke, Alexander Macintosh, Lauren Switzer, Darcy Fehlings,
and T.C. Nicholas Graham. 2017. How Game Balancing A�ects Play: Player Adaptation in an Exergame for Children
with Cerebral Palsy. InProceedings of the 2017 Conference on Designing Interactive Systems (DIS '17). Association for
Computing Machinery, New York, NY, USA, 699�710. https://doi”org/10”1145/3064663”3064664

[82] Chunzhen Jiang, Aritra Kundu, and Mark Claypool. 2020. Game Player Response Times versus Task Dexterity and
Decision Complexity. InExtended Abstracts of the 2020 Annual Symposium on Computer-Human Interaction in Play.
Association for Computing Machinery, New York, NY, USA, 277�281. https://doi”org/10”1145/3383668”3419891

[83] Chester Chun Seng Kam and John P Meyer. 2015. How Careless Responding and Acquiescence Response Bias Can
In�uence Construct Dimensionality: The Case of Job Satisfaction.Organizational research methods18, 3 (2015), 512�541.

[84] Victor Kaptelinin and Bonnie A. Nardi. 2009.Acting with Technology: Activity Theory and Interaction Design. MIT
Press, Cambridge, Massachusetts, USA.

[85] Hendrik Knoche, Kasper Hald, Dorte Richter, and Helle Rovsing Møller Jørgensen. 2016. Playing to (self-)rehabilitate:
a month-long randomized control trial with brain lesion patients and a tablet game. InProceedings of the 10th EAI
International Conference on Pervasive Computing Technologies for Healthcare (PervasiveHealth '16). ICST (Institute for
Computer Sciences, Social-Informatics and Telecommunications Engineering), Brussels, BEL, 61�68.

Proc. ACM Hum.-Comput. Interact., Vol. 8, No. CHI PLAY, Article 292. Publication date: October 2024.



292:30 Bastian Ilsø Hougaard and Hendrik Knoche

[86] Raph Koster. 2005. A grammar of gameplay. Presentation Slideshow. https://www”raphkoster”com/games/
presentations/a-grammar-of-gameplay/ (Presentation).

[87] Matthew Lakier, Lennart E. Nacke, Takeo Igarashi, and Daniel Vogel. 2019. Cross-Car, Multiplayer Games for Semi-
Autonomous Driving. InProceedings of the Annual Symposium on Computer-Human Interaction in Play (CHI PLAY '19).
Association for Computing Machinery, New York, NY, USA, 467�480. https://doi”org/10”1145/3311350”3347166

[88] Heidi Lam, Melanie Tory, and Tamara Munzner. 2018. Bridging from Goals to Tasks with Design Study Analysis
Reports.IEEE Transactions on Visualization and Computer Graphics24, 1 (Jan. 2018), 435�445. https://doi”org/10”1109/
TVCG”2017”2744319

[89] Lazaros Lazaridis, Maria Papatsimouli, Konstantinos-Filippos Kollias, Panagiotis Sarigiannidis, and George F. Fragulis.
2021. Hitboxes: A Survey About Collision Detection in Video Games. InHCI in Games: Experience Design and Game
Mechanics (Lecture Notes in Computer Science), Xiaowen Fang (Ed.). Springer International Publishing, Cham, 314�326.
https://doi”org/10”1007/978-3-030-77277-2_24

[90] A. N. Leontyev. 1981.Problems of the development of the mind. Progress, Moscow.
[91] Yee Mei Lim, Aladdin Ayesh, and Martin Stacey. 2014. Detecting emotional stress during typing task with time

pressure. In2014 Science and Information Conference. IEEE, Manhattan, New York City, 329�338. https://doi”org/10”1109/
SAI”2014”6918207

[92] Chien-Heng Lin, Chien-Min Chen, and Yu-Chiung Lou. 2014. Developing Spatial Orientation and Spatial Memory
with a Treasure Hunting Game.Journal of Educational Technology & Society17, 3 (2014), 79�92. https://www”jstor”org/
stable/jeductechsoci”17”3”79

[93] Priscilla Lo, David Thue, and Elin Carstensdottir. 2021. What Is a Game Mechanic?. InEntertainment Computing � ICEC
2021 (Lecture Notes in Computer Science), Jannicke Baalsrud Hauge, Jorge C. S. Cardoso, Licínio Roque, and Pedro A.
Gonzalez-Calero (Eds.). Springer International Publishing, Cham, 336�347. https://doi”org/10”1007/978-3-030-89394-
1_25

[94] Andrea Lodi, Silvano Martello, and Michele Monaci. 2002. Two-dimensional packing problems: A survey.European
Journal of Operational Research141, 2 (Sept. 2002), 241�252. https://doi”org/10”1016/S0377-2217(02º00123-6

[95] Michael Long and Carl Gutwin. 2019. E�ects of Local Latency on Game Pointing Devices and Game Pointing Tasks. In
Proceedings of the 2019 CHI Conference on Human Factors in Computing Systems (CHI '19). Association for Computing
Machinery, New York, NY, USA, 1�12. https://doi”org/10”1145/3290605”3300438

[96] Phil Lopes and Ronan Boulic. 2020. Towards Designing Games for Experimental Protocols Investigating Human-Based
Phenomena. InProceedings of the 15th International Conference on the Foundations of Digital Games (FDG '20). Association
for Computing Machinery, New York, NY, USA, 1�11. https://doi”org/10”1145/3402942”3403012

[97] Regan L. Mandryk and Calvin Lough. 2011. The e�ects of intended use on target acquisition. InProceedings of the
SIGCHI Conference on Human Factors in Computing Systems (CHI '11). Association for Computing Machinery, New York,
NY, USA, 1649�1652. https://doi”org/10”1145/1978942”1979182

[98] Renze Marree, Luuc Verburgh, and Max V. Birk. 2019. DanSync: Playful Track Selection through Synchronized
Movements. InExtended Abstracts of the Annual Symposium on Computer-Human Interaction in Play Companion
Extended Abstracts (CHI PLAY '19 Extended Abstracts). Association for Computing Machinery, New York, NY, USA,
105�110. https://doi”org/10”1145/3341215”3356981

[99] Victoria McArthur, Steven J. Castellucci, and I. Scott MacKenzie. 2009. An empirical comparison of "wiimote" gun
attachments for pointing tasks. InProceedings of the 1st ACM SIGCHI symposium on Engineering interactive computing
systems (EICS '09). Association for Computing Machinery, New York, NY, USA, 203�208. https://doi”org/10”1145/
1570433”1570471

[100] Nicole McMahon, Peta Wyeth, and Daniel Johnson. 2015. From Challenges to Activities: Categories of Play in
Videogames. InProceedings of the 2015 Annual Symposium on Computer-Human Interaction in Play (CHI PLAY '15).
Association for Computing Machinery, New York, NY, USA, 637�642. https://doi”org/10”1145/2793107”2810333

[101] Merriam-Webster. 2023. Merriam-Webster.com dictionary. https://www”merriam-webster”com
[102] Florian 'Floyd' Mueller, Martin R. Gibbs, and Frank Vetere. 2008. Taxonomy of exertion games. InProceedings of the

20th Australasian Conference on Computer-Human Interaction: Designing for Habitus and Habitat (OZCHI '08). Association
for Computing Machinery, New York, NY, USA, 263�266. https://doi”org/10”1145/1517744”1517772

[103] Tamara Munzner. 2014.Visualization Analysis and Design. CRC Press, New York.
[104] Allen Newell. 1994.Uni�ed Theories of Cognition. Harvard University Press, Cambridge, Massachusetts, USA.
[105] Austin Lee Nichols and Jon K. Maner. 2008. The Good-Subject E�ect: Investigating Participant Demand Characteristics.

The Journal of General Psychology135, 2 (Apr 2008), 151�166. https://doi”org/10”3200/GENP”135”2”151-166
[106] Antti Oulasvirta, Sunjun Kim, and Byungjoo Lee. 2018. Neuromechanics of a Button Press. InProceedings of the 2018

CHI Conference on Human Factors in Computing Systems (CHI '18). Association for Computing Machinery, New York,
NY, USA, 1�13. https://doi”org/10”1145/3173574”3174082

Proc. ACM Hum.-Comput. Interact., Vol. 8, No. CHI PLAY, Article 292. Publication date: October 2024.



A Core Task Analysis Framework for Gameplay 292:31

[107] Linda M Pentland, Vicki A Anderson, Sherelle Dye, and Stephen J Wood. 2003. The Nine Box Maze Test: A measure of
spatial memory development in children.Brain and Cognition52, 2 (July 2003), 144�154. https://doi”org/10”1016/S0278-
2626(03º00079-4

[108] Jay Pratt. 1995. Inhibition of return in a discrimination task.Psychonomic Bulletin & Review2, 1 (March 1995), 117�120.
https://doi”org/10”3758/BF03214416

[109] Cynthia Putnam, Amanda Lin, Vansanth Subramanian, Dorian C. Anderson, Erica Christian, Bharathi Swaminathan,
Sai Yalla, William Cotter, Danielle Ciccone, and Jinghui Cheng. 2017. E�ects of Commercial Exergames on Motivation
in Brian Injury Therapy. InExtended Abstracts Publication of the Annual Symposium on Computer-Human Interaction in
Play (CHI PLAY '17 Extended Abstracts). Association for Computing Machinery, New York, NY, USA, 47�59. https:
//doi”org/10”1145/3130859”3131431

[110] Adrian Ramcharitar and Robert J. Teather. 2017. A Fitts' Law Evaluation of Video Game Controllers: Thumbstick,
Touchpad and Gyrosensor. InProceedings of the 2017 CHI Conference Extended Abstracts on Human Factors in Computing
Systems (CHI EA '17). Association for Computing Machinery, New York, NY, USA, 2860�2866. https://doi”org/10”1145/
3027063”3053213

[111] George E. Raptis and Christina Katsini. 2021. Analyzing Scanpaths From A Field Dependence-Independence Perspec-
tive When Playing A Visual Search Game. InACM Symposium on Eye Tracking Research and Applications (ETRA '21 Short
Papers). Association for Computing Machinery, New York, NY, USA, 1�7. https://doi”org/10”1145/3448018”3459655

[112] Roger Ratcli�, Anjali Thapar, and Gail McKoon. 2001. The e�ects of aging on reaction time in a signal detection task.
Psychology and Aging16 (2001), 323�341. https://doi”org/10”1037/0882-7974”16”2”323

[113] Lisa Rebenitsch and Delaina Engle. 2019. The E�ects of Steering Locomotion on User Preference and Accuracy in
Virtual Environments.Presence: Teleoperators and Virtual Environments28 (Jan. 2019), 153�168. https://doi”org/10”1162/
pres_a_00345

[114] Jawad Jandali Refai, Scott Bateman, and Michael W. Fleming. 2020. External Assistance Techniques That Target Core
Game Tasks for Balancing Game Di�culty.Frontiers in Computer Science2 (2020), 1�16. https://www”frontiersin”org/
articles/10”3389/fcomp”2020”00017

[115] Bruno H Repp. 2005. Sensorimotor synchronization: A review of the tapping literature.Psychonomic Bulletin &
Review12 (2005), 969�992.

[116] Alexander Rind, Wolfgang Aigner, Markus Wagner, Silvia Miksch, and Tim Lammarsch. 2016. Task Cube: A three-
dimensional conceptual space of user tasks in visualization design and evaluation.Information Visualization15, 4 (Oct.
2016), 288�300. https://doi”org/10”1177/1473871615621602

[117] Fernando Rocha, Pedro Machado Santa, Jorge C. S. Cardoso, Luís Lucas Pereira, and Licínio Roque. 2019. Mapping
Controls on a 2D User Drawn Racetracks Driving Game - An Usability Assessment. InExtended Abstracts of the Annual
Symposium on Computer-Human Interaction in Play Companion Extended Abstracts (CHI PLAY '19 Extended Abstracts).
Association for Computing Machinery, New York, NY, USA, 653�660. https://doi”org/10”1145/3341215”3356302

[118] Katja Rogers and Katie Seaborn. 2023. The Systematic Review-lution: A Manifesto to Promote Rigour and Inclusivity
in Research Synthesis. InExtended Abstracts of the 2023 CHI Conference on Human Factors in Computing Systems (CHI
EA '23). Association for Computing Machinery, New York, NY, USA, 1�11. https://doi”org/10”1145/3544549”3582733

[119] Jaime Ruiz and Edward Lank. 2014. Analyzing intended use e�ects in target acquisition. InProceedings of the 2014
International Working Conference on Advanced Visual Interfaces (AVI '14). Association for Computing Machinery, New
York, NY, USA, 145�152. https://doi”org/10”1145/2598153”2598158

[120] Timothy A. Salthouse. 1996. Constraints on theories of cognitive aging.Psychonomic Bulletin & Review3, 3 (Sept.
1996), 287�299. https://doi”org/10”3758/BF03210753

[121] Jesse Schell. 2019.The Art of Game Design: A Book of Lenses, Third Edition. CRC Press, Boca Raton, Florida.
[122] Miguel Sicart. 2008. De�ning Game Mechanics.Game Studies8, 2 (Dec. 2008), 1. http://gamestudies”org/0802/

articles/sicart
[123] Miguel Angel Sicart. 2015. Loops and Metagames: Understanding Game Design Structures. InProceedings of the 10th

International Conference on the Foundations of Digital Games (FDG 2015). Society for the Advancement of the Science of
Digital Games, Paci�c Grove, CA, USA, 1�9.

[124] Ludwig Sidenmark and Hans Gellersen. 2019. Eye, Head and Torso Coordination During Gaze Shifts in Virtual Reality.
ACM Transactions on Computer-Human Interaction27, 1 (Dec 2019), 4:1�4:40. https://doi”org/10”1145/3361218

[125] R. William Soukore� and I. Scott MacKenzie. 2004. Towards a standard for pointing device evaluation, perspectives
on 27 years of Fitts' law research in HCI.International Journal of Human-Computer Studies61, 6 (Dec. 2004), 751�789.
https://doi”org/10”1016/j”ijhcs”2004”09”001

[126] Dan Sperber, Francesco Cara, and Vittorio Girotto. 1995. Relevance theory explains the selection task.Cognition57, 1
(Oct. 1995), 31�95. https://doi”org/10”1016/0010-0277(95º00666-M

[127] Neville A. Stanton. 2006. Hierarchical task analysis: Developments, applications, and extensions.Applied Ergonomics
37, 1 (Jan. 2006), 55�79. https://doi”org/10”1016/j”apergo”2005”06”003

Proc. ACM Hum.-Comput. Interact., Vol. 8, No. CHI PLAY, Article 292. Publication date: October 2024.



292:32 Bastian Ilsø Hougaard and Hendrik Knoche

[128] Fabius Steinberger. 2018.Risky gadgets to the rescue: Reframing in-car technology use as task engagement. Ph. D.
Dissertation. Queensland University of Technology. https://doi”org/10”5204/thesis”eprints”115992

[129] Penelope Sweetser and Peta Wyeth. 2005. GameFlow: A Model for Evaluating Player Enjoyment in Games.Comput.
Entertain.3, 3 (jul 2005), 3. https://doi”org/10”1145/1077246”1077253

[130] Jian Tang and Nathan R. Prestopnik. 2017. E�ects of framing on user contribution: Story, gameplay and science.
https://aisel”aisnet”org/amcis2017/HumanCI/Presentations/4

[131] Steven J. Taylor, Robert Bogdan, and Marjorie DeVault. 2015.Introduction to Qualitative Research Methods: A Guidebook
and Resource(4th edition ed.). Wiley, Hoboken, New Jersey.

[132] Anne M. Treisman and Garry Gelade. 1980. A feature-integration theory of attention.Cognitive Psychology12, 1 (Jan
1980), 97�136. https://doi”org/10”1016/0010-0285(80º90005-5

[133] Sylvester Tynan. 2013. The Design Landscape. https://www”gamedeveloper”com/design/the-design-landscape
[134] Eva Van de Weijer-Bergsma, Evelyn H. Kroesbergen, Shahab Jolani, and Johannes E. H. Van Luit. 2016. The Monkey

game: A computerized verbal working memory task for self-reliant administration in primary school children.Behavior
Research Methods48, 2 (June 2016), 756�771. https://doi”org/10”3758/s13428-015-0607-y

[135] Bert Vandenberghe, Jef Meijvis, Thomas Sodermans, Kathrin Gerling, Vero Vanden Abeele, and Luc Geurts. 2019.
Sailing Skweezee: An Exploration of Squeeze Interaction in VR. InExtended Abstracts of the Annual Symposium on
Computer-Human Interaction in Play Companion Extended Abstracts (CHI PLAY '19 Extended Abstracts). Association for
Computing Machinery, New York, NY, USA, 131�138. https://doi”org/10”1145/3341215”3356983

[136] Maria Vayanou, Angeliki Chrysanthi, Akrivi Katifori, and Yannis Ioannidis. 2022. Designing Mobile-Based Jigsaw
Puzzles for Collocated Groups. InExtended Abstracts of the 2022 Annual Symposium on Computer-Human Interaction
in Play (Bremen, Germany)(CHI PLAY '22). Association for Computing Machinery, New York, NY, USA, 228�232.
https://doi”org/10”1145/3505270”3558330

[137] Jo Vermeulen, Kris Luyten, Elise van den Hoven, and Karin Coninx. 2013. Crossing the bridge over Norman's
Gulf of Execution: revealing feedforward's true identity. InProceedings of the SIGCHI Conference on Human Factors
in Computing Systems (CHI '13). Association for Computing Machinery, New York, NY, USA, 1931�1940. https:
//doi”org/10”1145/2470654”2466255

[138] Jan B. Vornhagen, April Tyack, and Elisa D. Mekler. 2020.Statistical Signi�cance Testing at CHI PLAY: Challenges
and Opportunities for More Transparency. Association for Computing Machinery, New York, NY, USA, 4�18. https:
//doi”org/10”1145/3410404”3414229

[139] Guenter Wallner. 2015. Sequential Analysis of Player Behavior. InProceedings of the 2015 Annual Symposium on
Computer-Human Interaction in Play (CHI PLAY '15). Association for Computing Machinery, New York, NY, USA,
349�358. https://doi”org/10”1145/2793107”2793112

[140] Geo� Ward, Lydia Tan, and Rachel Grenfell-Essam. 2010. Examining the relationship between free recall and
immediate serial recall: The e�ects of list length and output order.Journal of Experimental Psychology: Learning, Memory,
and Cognition36, 5 (2010), 1207�1241. https://doi”org/10”1037/a0020122

[141] P. C. Wason. 1968. Reasoning about a Rule.Quarterly Journal of Experimental Psychology20, 3 (Aug. 1968), 273�281.
https://doi”org/10”1080/14640746808400161

[142] Rina R. Wehbe and Lennart E. Nacke. 2015. Towards Understanding the Importance of Co-Located Gameplay. In
Proceedings of the 2015 Annual Symposium on Computer-Human Interaction in Play (CHI PLAY '15). Association for
Computing Machinery, New York, NY, USA, 733�738. https://doi”org/10”1145/2793107”2810312

[143] Lasse Wennerhold and Malte Friese. 2020. Why Self-Report Measures of Self-Control and Inhibition Tasks Do Not
Substantially Correlate.Collabra: Psychology6, 1 (Jan 2020), 9. https://doi”org/10”1525/collabra”276

[144] S. A. G. Wensveen, J. P. Djajadiningrat, and C. J. Overbeeke. 2004. Interaction frogger: a design framework to couple
action and function through feedback and feedforward. InProceedings of the 5th conference on Designing interactive
systems: processes, practices, methods, and techniques (DIS '04). Association for Computing Machinery, New York, NY,
USA, 177�184. https://doi”org/10”1145/1013115”1013140

[145] Blake Williford, Matthew Runyon, Josh Cherian, Wayne Li, Julie Linsey, and Tracy Hammond. 2019. A Framework
for Motivating Sketching Practice with Sketch-based Gameplay. InProceedings of the Annual Symposium on Computer-
Human Interaction in Play (CHI PLAY '19). Association for Computing Machinery, New York, NY, USA, 533�544.
https://doi”org/10”1145/3311350”3347175

[146] Stanislaw Zabramski. 2011. Careless touch: a comparative evaluation of mouse, pen, and touch input in shape
tracing task. InProceedings of the 23rd Australian Computer-Human Interaction Conference (OzCHI '11). Association for
Computing Machinery, New York, NY, USA, 329�332. https://doi”org/10”1145/2071536”2071588

[147] Stanislaw Zabramski and Wolfgang Stuerzlinger. 2013. Activity or product? drawing and HCI. InProceedings of
the International Conference on Multimedia, Interaction, Design and Innovation (MIDI '13). Association for Computing
Machinery, New York, NY, USA, 1�9. https://doi”org/10”1145/2500342”2500346

Proc. ACM Hum.-Comput. Interact., Vol. 8, No. CHI PLAY, Article 292. Publication date: October 2024.



A Core Task Analysis Framework for Gameplay 292:33

[148] José Pablo Zagal, Sta�an Björk, and Chris Lewis. 2013. Dark patterns in the design of games. InInternational Conference
on Foundations of Digital Games (FDG 2013). Society for the Advancement of the Science of Digital Games, Finland, 1�8.

[149] Eric Zimmerman. 2003. Play as research: The iterative design process.Design research: Methods and perspectives2003
(2003), 176�184.

Ludography
[G1] Nicolas Adenis-Lamarre. 2005.X-Moto. Game [macOS, Windows, Linux]. https://xmoto”tuxfamily”org/
[G2] Alexey Pajitnov. 1985.Tetris. Game [PC].
[G3] Kahoot! ASA. 2013.Kahoot!Game [Web Browser]. https://kahoot”com/
[G4] Ralph Baer. 1978.Simon. Game [Web Browser]. https://www”memozor”com/simon-games/simon-game Online

Adaption by Memozor.
[G5] James Barrett. 1999.Phonics Pop. Game [Web Browser]. https://ictgames”com/phonicsPop/index”html
[G6] Juan Carlos. 2021.Color React. Game [Android, Windows, Web Browser]. https://1juancarlos”itch”io/color-react
[G7] LLC Cinematronics. 1995.Full Tilt! Pinball. Game [Windows].
[G8] Pablo Ruiz Ciudad. 2020.Rope Skipper. Game [Windows]. https://serbjy”itch”io/rope-skipper
[G9] ZH Computer. 1991.Klotski. Game [Windows 3.x].

[G10] Eclipium. 2020.Hieroctive. Game [Windows, Linux, Android, Web Browser]. https://web”eclipium”xyz/hieroctive
[G11] Scott Ferguson. 1991.Tetravex. Game [Windows 3.x].
[G12] Google. 2016.Quick, Draw!Game [Web browser]. https://quickdraw”withgoogle”com/
[G13] Halfbrick. 2010.Fruit Ninja. Game [iOS, Android, PlayStation 4, PlayStation Vita, Web Browser, Xbox One].
[G14] Dean Herbert. 2007.Osu!Game [macOS, Windows, Linux, Android, iOS]. https://osu”ppy”sh
[G15] Heroic815. 2019.POP. Game [Web Browser]. https://heroic815”itch”io/pop Accessed January 2024.
[G16] Bastian Hougaard. 2019.Whack-A-Mole VR. Game [Windows, macOS, Linux]. https://github”com/med-material/

Whack_A_Mole_VR
[G17] Bastian Hougaard. 2020.Infection Detective. Game [Web Browser]. https://infektionsviden”net
[G18] Jaakko Iisalo. 2009.Angry Birds. Game [iOS, Android, macOS, Windows, PlayStation 3, PlayStation Vita, Nintendo

3DS, Web Browser]. https://www”angrybirds”com/
[G19] PigeoNation Inc. 2011.Hatoful Boyfriend. Game [macOS, Windows, Linux, PlayStation 4, PlayStation Vita].
[G20] Inc. Jackbox Games. 2016.Drawful 2. Game [macOS, Windows, Linux, PlayStation 4, Nintendo Switch, Xbox One].
[G21] Josh Wardle. 2021.Wordle. Game [Web Browser]. Josh Wardle, The New York Times Company.
[G22] Julien Thiennot. 2013.Cookie Clicker. Game [Android, Windows, Web Browser]. DashNet, Playsaurus.
[G23] Konami. 2010.Dance! Dance! Revolution. Game [Wii, PlayStation 3, PlayStation Vita, Xbox 360].
[G24] Novel Games Limited. 2008.Blind Spot. Game [Web Browser]. https://www”novelgames”com/en/blindspot/
[G25] Novel Games Limited. 2008.Memory. Game [Web Browser]. https://www”novelgames”com/en/memory/
[G26] Novel Games Limited. 2008.Sequence Memory. Game [Web Browser]. https://www”novelgames”com/en/sequence/
[G27] Novel Games Limited. 2008.The New One. Game [Web Browser]. https://www”novelgames”com/en/newone/
[G28] MaplePoki. 2017.Quickdraw. Game [Web Browser]. https://maplepoki”itch”io/quickdraw
[G29] NanaOn-Sha. 1996.Parappa The Rapper. Game [Playstation].
[G30] Keyikedalube Ndang. 2019.Type O�. Game [macOS, Windows, Linux]. https://keyikedalube-ndang”itch”io/type-o�
[G31] PEKA. 2023.Find the Di�erence. Game [Web Browser]. https://www”crazygames”com/game/�nd-the-di�erence
[G32] Carsten Pfe�er. 2022.2080. Game [Web Browser]. https://alpaca-engine”de/demo/
[G33] Cody Sandahl. 2020.All My Dice. Game [Web Browser]. https://dice”codysandahl”com/
[G34] Artem Senichev. 2007.PipeWalker. Game [Windows, Linux]. https://pipewalker”sourceforge”net/
[G35] Personal Software. 1977.Zork. Game [PC].
[G36] Sound Not There. 2017.Sound Horn. Game [Windows]. https://esbenlg”itch”io/sound-horn
[G37] Lion Studios. 2020.Happy Glass. Game [iOS, Andriod, Web Browser].
[G38] SuperMegaDav. 2021.The Skyscraper Minigolf. Game [Web Browser]. https://vidvadgames”itch”io/the-skyscraper-

minigolf
[G39] The Speed Dreams Team. 2010.Speed Dreams. Game [Windows, Linux]. https://www”speed-dreams”net/
[G40] Valve Corporation. 2000.Counter-Strike. Game [Windows, macOS, Linux, PlayStation 3, Xbox]. Valve Corporation.
[G41] Valve Corporation. 2007.Portal. Game [Windows, macOS, Linux, PlayStation 3, Xbox 360, Android, Nintendo

Switch]. Valve Corporation.
[G42] Watabou. 2012.Pixel Dungeon. Game [Android, iOS, macOS, Windows, Linux]. https://pixeldungeon”watabou”ru/
[G43] Bo²tjan ƒadeº. 2006. Line Rider. Game [Web browser, Windows, iOS, Android, Nintendo DS]. https:

//www ”linerider”com/

Proc. ACM Hum.-Comput. Interact., Vol. 8, No. CHI PLAY, Article 292. Publication date: October 2024.



292:34 Bastian Ilsø Hougaard and Hendrik Knoche

A Appendix of Extended Task Descriptions

This appendix aims to elaborate each core task from the core task list (Table 1 in the main material).
This includes the rationale behind each task image, the task criteria used to identify a task, input
and output modality task descriptions, and further elaboration of application and de�nition. The
material is designed to be useful as a starting point to further discuss or produce exhaustive reviews
of individual core tasks.

(1) Task Image: A proposed iconographic image representing the task's main characteristics.
(2) Task type: Tasks can be either motor or mental tasks. Mental tasks imply only cognitive

work. Motor tasks imply motor control work in addition to cognitive work.
(3) Proposed De�nition: For each task, the proposed �nal de�nition is shown along with other

de�nitions related to the pointing concept. When there are multiple de�nitions for a term,
we show only the most relevant de�nitions of the concept.

(4) Sub-concepts:An explanation of each conceptual element used in the iconographic image
of the task and terms related to it.

(5) Task criteria: A set of proposed abstract criteria which can be used to identify a given task.
The criteria are based on our own evaluations. Lists soft criteria ("May include..") and hard
criteria ("Must include..").

(6) Output/Input Modality Viewpoint: Tasks can be de�ned from either an input-device
or output-device viewpoint. For example, when de�ning pointing from an input-device
viewpoint, pointing refers to a user's real-world interactions, but not necessarily how the
system augments these interactions (for example, pointing using a Nintendo Wii controller).
When de�ning pointing from the output modality viewpoint, it refers to user interactions as
they are portrayed on the screen or game. For example, users may point at 2D elements using
a virtual cursor controlled by arrow keys instead of a pointing device. The same task may
therefore change its de�nition in input modality viewpoint and output modality viewpoint.

(7) Application Areas: Exempli�es how the task concept's has been reviewed, de�ned and used
in HCI and game scholarship.

(8) Related De�nitions/Concepts: Relevant or closely aligned concepts dictionaries and from
the exempli�ed work (if any).

(9) Author Notes: Miscellaneous notes that may elaborate di�erences to other tasks or what
goes beyond scope of the de�nition.

(10) Game Examples: We collected screenshots of games showcasing each core task to contrast
di�erent ways the tasks take shape in practice. Where possible, we primarily included games
available from web browsers or as free download, to allow readers to test the interactions.
The screenshots are shown for education and research purposes only and any depicted visual
asset belong to the respective cited copyright holder.
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