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Fig. 1. Treasure diving in Pocket Odyssey.
Validation of serious games tends to focus on evaluating their design as a whole. While this helps to assess
whether a particular combination of game mechanics is successful, it provides little insight into how individual
mechanics contribute or detract from a serious game’s purpose or a player’s game experience. This study
analyses the effect of game mechanics commonly used in casual games for engagement, measured as a
combination of player behaviour and reported game experience. Secondly, it examines the role of a serious
game’s purpose on those same measures. An experimental study was conducted with 204 participants playing
several versions of a serious game to explore these points. The results show that adding additional game
mechanics to a core gameplay loop did not lead to participants playing more or longer, nor did it improve
their game experience. Players who were aware of the game’s purpose, however, perceived the game as more
beneficial, scored their game experience higher, and progressed further. The results show that game mechanics
on their own do not necessarily improve engagement, while the effect of perceived value deserves further
study.
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1

INTRODUCTION

Serious (digital) games (SG) are games with a purpose other than pure entertainment [34]. Designers
of SGs apply game mechanics, not only to drive engagement with the game itself (resulting in an
enjoyable experience), but also to achieve this purpose [24]. In academic literature, such games
tend to be validated and evaluated as a whole both on their entertainment value and whether they
fulfil their intended purpose [58]. So far, results have shown conflicting, but promising evidence for
SG’s effects across different applications [13, 14, 56]. While individual case studies help to assess
whether a particular combination and implementation of mechanics was successful in achieving its
goals, it provides little insight in how the individual mechanics contribute or detract from a game’s
purpose or a player’s experience [33]. Games are systems with many interacting elements that give
rise to complex emotional constructs [59] and that occupy a player’s attention in varying ways
from moment to moment [11]. While commercial game reviewers tend to make detailed distinctions
between various aspects of a game’s design and how they factor into the overall experience, such
distinctions are generally lacking in SG evaluation. This study is based on the perspective that it
is worthwhile to thoroughly test individual aspects of a serious game’s design and ensure their
effects are understood, especially if the goal is to reliably produce a measurable result rather than
only provide an entertaining experience.
In addition to game mechanics and their influence on behaviour and experience, there is the
question of how a game’s purpose influences these factors as well. Models have been developed to
guide SG design and evaluation in (theoretically) connecting general game aesthetics or feedback
mechanisms to particular outcomes [2, 3, 5, 31, 60]. Researchers have also suggested that a game’s
purpose and its perceived value [29] play a role in a SG’s success. It can be hypothesised that
players regard a serious game more positively if they consider it to be beneficial. In turn, this may
lead to increased enjoyment and engagement. To the authors’ knowledge, however, there is limited
work to validate such claims, and how this is meaningful for SG design.
This paper presents an empirical study using the web-game Pocket Odyssey. The game was
developed as part of a multi-year EU-funded project aimed at developing technology that supports
adult users in pursuing healthy habits and help them maintain their well-being. The game, in
particular, was created to provide cognitive training. It aims to do so by engaging users in a
cognitive game-based task (requiring memory and spatial navigation skills) on a regular basis. The
game was designed with input from domain experts in Psychology and developed by a professional
game designer. At present, the game has not been validated for its effects on cognition, nor is the
presented study focused on examining those effects. Instead, this study examines the design of
serious games using supplemental motivational game mechanics intended to make users more
likely to perform a core ‘serious’ task on a regular and continuous basis. Operating under the
assumption that the core task could be beneficial, its success is then measured in whether people
play it, how much they play it, and whether they would continue to play it. Pocket Odyssey is used
as a a representative example of a game with such a design philosophy. As such, this study tests the
employed game mechanics and their effects on engagement, measured through player behaviour
and game experience. Additionally, it examines how players perceive the game depending on the
purpose they are presented with, and how this perception affects those same measures.
Participants played one of four possible game versions. The base version of the game focuses
on the cognitive task alone, while each other version presents players with supplementary game
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mechanics, adding up to a more diverse (and in turn potentially more engaging) game experience.
The details of these versions are described in Section 3.5.
In having participants play different versions of the game, monitoring their behaviour, and
assessing their game experience, this study explores the following hypothesis:
H1: When playing a game version with supplemental game mechanics, participants will play
longer and rate their experience higher.
Participants who played the most elaborate version of the game were also presented with different
game purposes. These included playing the game for their own benefit, for the benefit of others, or
simply because they participated in a research experiment. With this additional data, the following
hypotheses were examined:
H2a: When the game is presented as beneficial to the player or others, participants will value the
game more and play longer, as opposed to those without an explicit purpose beyond contributing
to research.
H2b: Players with higher awareness of the game’s purpose will value the game more, play longer,
and rate their experience higher.
Data was gathered using a mixed-methods approach, using surveys and game metrics to assess
player behaviour and game experience. As such, comparative statistical tests were performed to
assess differences between condition groups, while qualitative data provided additional context to
interpret quantitative results.
Results indicate support for H2b, but not for H1 or H2a. The implications of these findings
are discussed in Section 6. Through its results and discussion, this study exemplifies the need for
in-depth analysis of individual aspects of a serious game’s design, as important details in understanding their functionality may otherwise go undetected. It also provides an empirical perspective
on the role of a serious game’s purpose (and a player’s awareness of said purpose) in the perceived
value and experience of serious games. Additionally, reflections on the presented methodology can
benefit others looking to evaluate their game designs more thoroughly, and the presented data can
inform future empirical studies examining similar topics. Finally, Pocket Odyssey is presented as an
artefact that can be used as a basis for further study. Support material and data of this study are
available through OSF1 .
2

BACKGROUND

For the purposes of this study, game mechanics are defined as “methods invoked by agents, designed
for interaction with the game state” [51]. In this definition, a method is understood as an action
or behaviour available to an agent (e.g., the player) to interact with the game world. Methods are
phrased as verbs, e.g., climb, take cover, shoot, or steer. They are invoked through input methods
(e.g., pressing a button) and have visible effects on game elements (e.g., objects or characters in
the game world), causing them to undergo designed changes and/or interact with one another. In
turn, interactions are defined by the rules that apply to the game world (e.g., which surfaces are
climbable). Individual game elements can be discerned from others via their unique properties,
which “are often either rules or determined by rules” [51]. Together, game elements and rules define
the game system and its sub-systems (e.g., a ‘crafting’ or ‘cover’ system).
Various models or frameworks exist connecting the inner workings of games to measurable
effects aimed for with serious games. Literature reviews [2, 22] provide an overview of how learning
outcomes and motivation have been connected to game elements in academic literature. Though
game elements have been connected to various educational theories (e.g., Bloom’s taxonomy), the
definition of these game elements is extremely broad, ranging from feedback methods (e.g., points)
1 Link

to OSF repository: http://doi.org/10.17605/OSF.IO/27KUY
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to concepts like ‘uncertainty’. Specific models (e.g., [3, 31] suggest similar connections. However,
such broad interpretations of mechanics make it difficult to relate any models back to concrete game
design. This approach is not unique to serious games for learning either — more generic models for
evaluating serious games revolve around testing the game’s ‘design’ as a whole as well [15].
Studies into the (empirical) effects of specific game aspects do exist. However, what the concept
of game mechanics means varies here as well. For example, Parnandi and Gutierrez-Osuna [45]
assess the effect of manipulating properties in a racing game (speed, visibility, and steering jitter)
on player arousal. Hew et al. [25] examine the effect of displaying feedback (through points, badges,
and leader boards) on motivation and assignment quality in university students. Similarly, Cantador
and Marczewski [20] examine rewards (primarily badges) in an e-learning environment. Matin et
al. [37] examine the effect of a timer, top score, and leader board on performance and motivation in
human computing games.
While efforts in examining broader game experiences are useful, they provide limited insight into
how various aspects of the game influence a player’s experience. This reliance on many individual
case studies of ‘complete’ serious games means that frameworks are built upon incompatible and
conflicting data [56]. Although the interactive nature of games appears to have a clear benefit over
‘passive’ modes of presentation (see e.g., [53]), merely framing an activity as a game has shown to
be enough to increase interest and enjoyment [33] as well. As such, it is not clear how individual
game mechanics affect player experience.
Digital games are complex systems with rules and mechanics that can interact in unexpected
ways and induce a wide range of emotional states in players [59]. Players interacting with games
focus their attention on them, an act that can lead to affective and behavioural states such as
perceived ‘flow’, presence, and immersion [26]. However, attention is not simply focused on ‘the
game’. Instead, attention is a limited resource that is necessarily divided between different aspects
of the game, such as its controls, aesthetics, narrative, social features, and more, depending on
the game’s design [11]. As such, engagement is influenced by many factors and may vary and
be redirected during interaction with a game [42]. Entertainment game reviewers recognise this,
and tend to evaluate various aspects of a game’s design (e.g., individual mechanics, art, animation,
sound, writing, atmosphere), as well as its mechanics and sub-systems on how they add to or
detract from the overall game experience.
In academic evaluation of games, these distinctions are not always made. Measurement instruments, such as the Game User Experience Satisfaction Survey (GUESS) [46] and the Game
Engagement Questionnaire (GEQ) [8] (as well as the disputed Game Experience Questionnaire
(GEQ) [32]) tend to emphasise measuring the manifestation of emotional and behavioural states
(e.g., ‘losing track of time’ and ‘enjoyment’). Some also include items related to certain aspects of a
game — the GUESS, for example, includes a module on narrative. However, instruments such as
these are almost always used to evaluate a (serious) game as a whole. While the GUESS can give an
indication on how rewarding a game’s narrative was, details on sections of that narrative, as well
as what other aspects of a game players found more or less enjoyable is not recorded. This aligns
with the goal to provide a generalisable instrument that can be used to evaluate a wide range of
games — individual questions relating to specific mechanics can hardly be included in a universal
measuring tool. However, this means that details on the player experience inevitably get lost.
Which mechanics should then be investigated? Game design is not as simple as adding mechanics
until the point of saturation. Ideally, games are designed around a ‘core experience’ [50], with
every design decision working to enforce that core experience. In practice, however, this is not
always the case. Commercial game developers often repeat or copy designs that have proven
successful in the past and fulfil the expectations of audiences. As a result, recent years have resulted
in many instances of third-person open-world exploration games with similar combat and crafting
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mechanics, collectables, and a photo mode [6]. These trends are perhaps even more visible in the
casual or mobile games sector, where game designs tend to be far less complex and copying what
is successful is the norm rather than the exception. Searching for a ‘Match 3’ game in the iOS
App Store results in a multitude of games that combine the basic design of Bejeweled [17] with a
renovation- or decoration-simulation mechanic and narrative. Examples include Gardenscapes [47],
Match Town Makeover [1], RollerCoaster Tycoon®Story [4], and many others. Considering the time
and resources involved in developing such mechanics, these additions are likely used to add diversity to an otherwise simple base mechanic (adding to long-term engagement), expected by players,
and necessary in distinguishing similar games in a crowded market. What sets these games apart
from one another is how well the individual parts work on their own, how well they work together,
and how well a particular ‘flavor’ (e.g., samurai, fantasy warrior, gardener, fashionista, and so on)
resonates with audiences.
Serious games are, ideally, developed in a way that game designers suggest they should be —
holistically, with every decision enhancing the ‘core experience’, and with the purpose thoroughly
integrated into every aspect of that experience, all the while striking a balance between entertainment and ‘meaning’ [24]. Doing so, however, is no easy task. Given the complexity of game
design, it makes sense that methods like gamification (i.e., applying game elements such as points
and leaderboards to a non-gaming task) that are often not difficult to apply became popular some
years ago [40]. While many serious game creators do not take such an approach, limitations and
considerations unique to serious games still make that they are often smaller in scope than many
commercial games, and that designs consisting of a core mechanic (possibly with a selection of
supplemental mechanics and/or feedback mechanisms) are common (see [7, 9, 16, 38, 55] for some
examples from recent years). At times, this simplicity is even preferable [39], as serious games need
to be easily accessible to a broad (often non-gaming) audience, limiting their desired complexity.
This is a requirement they have in common with casual games. Together with casual games’ success
in eliciting engagement, the mechanics of these types of games are a natural fit for SGs [35]. It
is for this reason that this study attempts an empirical exploration of mechanics for SGs using
commonly used mechanics within this sector of the market, using Pocket Odyssey (described in the
next section) as a game that is considered comparable in complexity and design to others developed
for similar purposes.
The focus on measurable outcomes and entertainment value of serious games as a whole [5] is
valid for assessing individual games and their success. Yet, serious games, even relatively simple
ones, not only have the same complex structure of interacting sub-systems and other elements
as entertainment games — they also include a purpose that is ideally interwoven with a game’s
structure. Considering this is the case, understanding the inner workings of a serious game, how
attention is drawn to different aspects of the design, and how such aspects add to or detract from
player experience, becomes even more imperative. Therefore, this article poses, that it is desirable
to study game mechanics in a more systematic manner, not only to understand how game mechanics affect player experience, but also to understand how well they support a SG’s purpose as
well. One approach to serious games is to use game mechanics as a distraction from a (possibly
unpleasant) task (e.g., in health applications such as motivating physical exercise or distracting
patients from treatment [39]). Depending on the purpose, however, it has also been suggested that
reminding the player of the game’s purpose, either through its framing or through the game design
itself, may actually be beneficial as well. Through a review of literature, Hamari and Keronen [23]
established a correlation between perceived usefulness and enjoyment among people playing
games. In discussing long-term engagement in games for health, Kayali et al. [29] emphasise the
importance of using game mechanics to increase the game’s perceived value (e.g., by connecting
game mechanics to everyday habits). Steinemann et al. [53] established a link between interactivity,
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Fig. 2. Screenshots of submarine (left), ship (middle), and story (right) views.

appreciation (i.e., gratification not necessarily derived from media being ‘fun’, but rather thoughtprovoking or meaningful) and a player’s inclination to donate after playing a serious game for
change. In this vein, and to further explore the inner workings of game mechanics in emphasising
a serious game’s meaning, in-depth empirical studies dissecting game design implementations are
warranted.
3

THE GAME: POCKET ODYSSEY

The game used in this study is Pocket Odyssey, a 2D game in which players buy an old boat and fix
it up while hunting for treasure. It was developed to run in all modern browsers. For an offline
version of the game (Windows and macOS), as well as a video showing gameplay, please refer to
the supplementary files. The design of Pocket Odyssey is based on a popular type of mobile game
(Section 2) and it was created to provide cognitive training for older adults, following guidelines
regarding theme and complexity in line with this target audience [19, 30, 41].
3.1

Submarine

The submarine game (Figure 3) forms the core gameplay loop of Pocket Odyssey. The player goes
diving for treasure, and needs to direct a submarine through an underwater cave. The player
chooses the level they want to play from an overarching ‘map’ screen. They are then shown a
map of the selected level, which shows its layout and the position of ‘coin fragments’. A total of
fifteen coin fragments are scattered throughout a level. Five fragments combine into one coin, for a
maximum total of three complete coins per level. These coins act as a form of feedback (i.e., score)
and are shown in the level select menu. The player can set the submarine’s speed — a complete
stop, a slow ‘turtle’ speed, or a faster ‘rabbit’ speed — which causes the submarine to move from left
to right through the level. The player then navigates the level by directing the submarine up and
down, either by click-and-dragging the mouse or using the arrow keys. Players also need to avoid
obstacles, such as the boundaries of the maze and seaweed. If the submarine becomes too damaged,
the player loses and needs to retry the level. If the player reaches the end of the level successfully,
they unlock the next level and any complete coins they have collected will be added to their total.
A maximum of three coins can be collected per level. Coins can only be collected once (e.g., if a
player finishes the level with two coins first and replays it to get all three coins, they only get one
additional coin). Levels become progressively harder and their aesthetic becomes darker as well.
The cognitive aspects of the submarine game include the steering of the submarine with accuracy,
spatial navigation, and memorising and recalling the level layout. As stated before, these aspects
have not been tested for cognitive benefits. For the purposes of this study, it was primarily important
that players could believe playing the game might be beneficial.
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Fig. 3. Screenshots of level select (left), level map (middle), and submarine gameplay in a higher level (right).

3.2

Ship

The coins that the player earns by playing the submarine game are used to renovate their ship.
Whenever the player completes a level, they return to the view of the ship. It is depicted from the
side in a cross section, showing the different floors and rooms inside the ship (Figure 4). At the
start, most of the ship is unfinished. The player can use the coins collected in the submarine game
to unlock new rooms on the ship and renovate them step-by-step. There is a total of ten rooms,
each of which has an adjustable wallpaper and three objects in it. In total, this means there are
forty steps of progression until the ship has been fully restored. For every step, players have the
choice of three decoration options. The steps unlock linearly, and always in the same order. The
player can see what the next step will be (e.g., “Let’s add a cupboard!”) and how many coins they
need. They can always change the decor of any previously unlocked step.
3.3

Narrative

As players progress and unlock new parts of the ship, they are presented with story scenes. Once
the player has confirmed their decoration choice, the view of the ship becomes obscured by the
story view (Figure 2). The story of Pocket Odyssey is presented over fourteen scenes, each of which
are told through text on the screen. Players can choose their responses through text-based buttons.
The story is largely linear, but has several ‘closed branches’ where the player’s choices lead to
different outcomes. The story is written from a second person point of view, i.e., “You see something
on the horizon that catches your interest”. The story posits the player as a person who decides
to quit their job, buy a boat, and travel the world. Joining the player is the ‘guide’ character, who
the player gets to know over the course of the story. The story incorporates themes of family and
thinking of home. Over the course of the journey, the player and guide encounter different places,
reminisce about the past, and experience the dangerous sides of the ocean. It ends with a newly
formed friendship between them and both characters returning home.
3.4

Information and Loading Screens

Players login on the opening screen by putting in a unique code. An account is made upon the first
login, and every consecutive login the player continues with their previously saved progress. The
game shows a frame rate counter on this screen to ensure the game is running at an acceptable rate
(at least 15 frames per second). Upon logging in, the player sees an information screen while the
game loads (for approximately five seconds). The information explains the purpose of the study and
has an additional tagline for the game. The exact information varies depending on the experiment
condition (Section 3.5). The player can bring up the same information screen from either the ship
screen or the submarine level select menu.
Whenever the player enters the submarine level select screen, a loading screen is visible until the
player clicks on it to continue (Figure 4). The screen is visible for approximately two seconds before
the player can click it. This screen shows instructions for the game and has a single encouraging
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line of text that relates to the purpose of the game. Similar to the information screen, the tagline
changes depending on the experiment condition (Section 3.5).

Fig. 4. Screenshots of loading screen in Cust (left), renovation option in the kitchen (middle), and nearly
renovated ship (right).

3.5

Versions

For the purposes of this study, players were exposed to different versions of the game. To reiterate
the goals of the study, they were (1) to examine the effects of supplemental game mechanics to
enhance engagement, and (2) to examine the effects of the serious game’s purpose and players’
awareness of it. As such, the versions of the game exposed players to different combinations of
mechanics, and adjusted the purpose of the game presented to players.
Participants played one of four possible versions of the game’s mechanics, herein referred to as
Base, Cust, Narlin, and Narcho:
Base: The version only includes the submarine mechanics, i.e., the core of Pocket Odyssey. In
essence, it is what the result could be of any serious game project when a core task (e.g., cognitive
training) is gamified. The activity itself is broken into manageable levels and the player is frequently
rewarded with some form of points. It could be further expanded with other forms of feedback, but
the minimum that can make the task be perceived as a game is incorporated (i.e., goal, win/lose
conditions, feedback, aesthetics). In this version of the game, players go to the level select screen
whenever they login or finish a level, instead of the ship. The loading screen shows instructions
only related to the submarine game and the purpose-relevant tagline.
Cust (customize): This version includes the ship renovation mechanic in addition to the submarine game. Players return to the ship view whenever they complete a level. They can use the
coins they have collected to renovate the ship. However, no story will trigger as they progress. The
loading screen explains both the submarine and the ship mechanics.
Narlin (narrative linear): This version includes all sub-systems (submarine, ship, and story).
In the story scenes, players are given a single option, making the story fully linear and reducing interactivity to letting players step through the narrative. The loading screen explains all
sub-systems.
Narcho (narrative choice): Similar to Narlin, but provides players with choices at several
points in the game’s narrative scenes. Players can have up to three options at any point, some of
which lead to differences in how details of the story unfold. The loading screen is the same as for
Narlin; the presentation of choices to continue the narrative is presumed to be understood without
explicit explanation.
Additionally, there are three possibilities for the game’s purpose as presented to players. In this
paper, they are referred to as None, Self, and Other.
None: Players are reminded they are participating in a study to examine digital games. The
tagline and loading screen convey game related information only (e.g., ‘Click to continue’).
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Self: Players are informed digital games can be used for cognitive training. The tagline and
loading screen reminder reinforce this message.
Other: Players are informed digital games can collect behavioural data used to study cognitive
decline. The tagline and loading screen reminder reinforce this message.
Each purpose changes the information that is shown on the menu and loading screens (Section 3.4).
All participants, due to the nature of the recruitment platform (see Section 4.1), were aware that
they were participating in a research study. Thus, the conditions contextualised their participation
in various ways, as described below.
For example, the information in the Self condition reads: “This game trains your cognitive skills.
Cognitive decline happens naturally with age, but may be delayed by some activities. Games can
be such an activity. The more you play, the more you exercise your brain to stay healthy!”. The
tagline on the loading screen read: “Every second you play trains your brain!”. For all included
texts, please refer to the supplementary files.
With these differences in messaging, the aim of the study is to see whether people behave
differently depending on the purpose of the game, assuming that they are aware of said purpose.
The Self condition best represents the intended use case for which Pocket Odyssey was designed,
i.e., to provide individual users with a way to train their cognition. In the context of the study, the
game’s purpose is most closely aligned with the None condition (although its description lacks
specific details). The study design was approved by the Delft University of Technology Human
Research Ethics Committee.
4

EXPERIMENT

The goal of the experiment is to examine the effects of game mechanics (H1) and game purpose
(H2a and H2b) on player perception and behaviour. The following section describes the experiment
design, the measurements, the pilot study, the procedure, and how data was processed.
4.1

Participants and Sampling

Participants were recruited using Prolific, an online platform focused on recruiting research participants. Participants were compensated for their time with ≈3.50 GBP. A total of 344 participants
were recruited to participate in the study (of which 204 ultimately completed the study and provided complete data sets). Requirements for participation were a minimum age of 40 and fluent
understanding of the English language, due to the amount of text present in the game. Although
Pocket Odyssey was developed for an older target audience (55+), the minimum age was set lower
to increase the potential sample size through the recruitment platform.
Formally, quantitative studies using frequentist statistics determine an appropriate sample size
through a prospective power analysis. However, such an analysis requires existing quantitative data
about the research topic [10]. In Bayesian statistics (used in this study, as described in Section 5)
the concept of statistical power does not exist in the same manner, but previous work informs
the priors used in analysis [43]. This study is an exploratory study on a topic that, to the authors’
best knowledge, has limited quantitative work on which to base expectations, and uses a game not
previously applied in experimental studies. As such, it is difficult to determine what sample size
to aim for, what effect size to expect, or what priors to use. Instead, a minimum sample size was
determined using local standards, i.e., sample sizes from comparable user studies published within
the CHI community [10], as a guideline. Based on this information and taking into account the
exploratory nature of this research, the choice was made to gather data from at least 30 participants
per group. In the absence of well informed (and sourced) prior beliefs, the default priors of JASP
are used for statistical tests. The limitations of this approach are discussed in Section 7.
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Condition Groups

Participants are divided into condition groups, each of which plays a different combination of game
and purpose (Section 3.5). The two variables (4 game versions and 3 purposes) make for a total of
12 possible combinations. However, the study focuses on a subset of these, leading to a total of 6
condition groups: Base_Self, Cust_Self, Narlin_Self, Narcho_Self, Narcho_Other, and Narcho_None.
By focusing on these groups in particular, it is possible to run statistical tests looking at each
variable in isolation while also maximising available resources (i.e., time and budget for participant
compensation). The study aims to examine differences in the game versions (with the same purpose)
and differences in purpose (with the same game version). Statistical tests (see Section 5) focus on
comparisons between these two separate data sets.
In deciding on which groups to focus resources, the versions of the game are chosen that have
the highest ecological validity. As such, Narcho is chosen as a basis to compare purposes, as it is
the most ‘complete’ version of the game and the version that its developers intend to be used as
a serious game to train cognition. Similarly, the ‘Self’ purpose is used to compare game versions
with, as this accurately reflects the intended purpose that the game was designed to fulfil.
As such, H1 is examined across the conditions Base_Self, Cust_Self, Narlin_Self, and Narcho_Self.
H2a and H2b are examined across Narcho_Self, Narcho_Other, and Narcho_None.
The limitations of deciding to focus on a subset of conditions to maximise available resources
are discussed in Section 7.
4.3

Pilot Study

A pilot study was conducted to test the experiment procedure (described below in Section 4.4). A
total of 21 participants were recruited with Prolific, 52% of which were female (n=11). Results from
the pilot showed that the game was well-received, with survey results well above the mid-point (see
Section 4.5.3) and participants playing for longer than requested by the experiment instructions.
This suggested that the game was of sufficient quality to be used in the larger study. Performing
the pilot helped to increase the clarity of instructions given to participants, as well as uncover
issues with the game that were fixed before the experiment took place (e.g., varying performance
depending on browser).
4.4

Procedure

Participants are asked to play Pocket Odyssey for 3 days for a duration of at least 5 minutes per day.
While it is necessary for them to play on three separate dates, completing the study is not hindered
by playing less than the requested time. This duration was chosen based on the time it takes to
complete the game content (i.e., getting perfect scores on each level), which is around 20 minutes
for an experienced player playing the Base version of the game.
First, participants fill out a demographics survey and informed about the study through step-bystep instructions for each day of participation. They are then directed to the game’s website and
instructed to bookmark this page for subsequent days. The experiment instructions are repeated
on the game page as well. Participants are invited randomly by Prolific according to the sampling
restrictions listed above, and the pre-game survey takes around a minute to complete.
Participants automatically create a new server entry when they login for the first time with
their Prolific ID. This ID is used to identify participants, and connect survey and gameplay data. At
this point, the server randomly assigns participant to a condition group. The game then reads the
condition from the server and changes which game mechanics are available and text is shown to
the player (Section 3.5). Participants proceed to play the game according to the instructions and
continue to do so independently for at least three days.
Proc. ACM Hum.-Comput. Interact., Vol. 5, No. CHIPLAY, Article 236. Publication date: September 2021.

Empirical Analysis of Game Mechanics and Perceived Value in Serious Games

236:11

Players are invited for a second post-game survey when their game data shows they have played
for three days. From day four, the game’s information screen shows a code. This code is required to
access the post-game survey and varies depending on experiment condition, therefore serving as
an additional check to ensure data integrity. The post-game survey takes around 10 minutes to
complete.
4.5

Measurements

Data is collected pre-, during, and post-game. Before playing the game, participants answer a
general demographics pre-game survey. During gameplay, the player’s in-game actions are logged
and stored on the server (game metrics). Participants answer a second survey, the post-game survey,
upon completing three days of gameplay. The post-game survey is made up of multiple parts. Each
of the measures is described below. The surveys use a combination of open questions and those
rated on a five-point Likert scale.
4.5.1 Pre-Game Survey. The pre-game survey covers basic demographic information. Participants
report their age in years and gender (‘female’, ‘male’, ‘not listed’, ‘prefer not to answer’). They also
rate their previous experience playing games and time spent playing games on average (both on a
5-point Likert scale, with experience ranging from ‘Novice’ to ‘Expert’, and play time from ‘Less
than an hour per week’ to ‘20+ hours per week’). Finally, they list the types of games they usually
play as free text. For the full survey, please refer to the supplementary files.
4.5.2 Metrics. Pocket Odyssey logs interactions the player has with the game. Each event is logged
with a timestamp, an event type, and a description line. This makes it possible to calculate the time
spent playing, as well as group interactions of a similar type (e.g., interactions in the ship view, or
during the submarine game). Examples of logged events include (but are not limited to): choices
taken in the game narrative, unlocking ship progress steps, ship decoration choices, instances of
redecorating, starting a submarine level, finishing a submarine level, changing speed during a
submarine level, picking up a coin fragment during a submarine level, failing or succeeding at a
submarine level, replaying a submarine level, time spent on loading screens, and opening/closing
the information screen. General player statistics are also logged, such as maximum level reached,
best score per level, and total number of coins collected. While these metrics partially allow to test
the hypotheses (e.g., in showing how much time players spent playing the game), the metrics can
further provide insight into a player’s experience [21] when combined with other measures.
Game metrics were processed through custom Python scripts using the Pandas library [44]. Any
data collected was only connected to an individual participant through their Prolific ID and, as
such, was completely anonymous.
4.5.3 Post-Game Survey. The post-game survey aims to assess the player’s experience with both
the experiment and the game itself. It is split into three parts: game impressions and motivations,
modules of the Game User Experience Satisfaction Scale (GUESS) [46], and (depending on condition)
a questionnaire on agency in digital narratives.
Participants are reminded of the purpose of their game version and rate (1) how aware they
were of this purpose while playing, as well as (2) how much this motivated them to play. Individual
game aspects (coin collecting, ship decorating, and narrative) are similarly rated when applicable.
Each of these questions is rated on a 5-point Likert scale with the descriptive options of ‘Not at all’,
‘Slightly’, ‘Moderately’, ‘Very’, and ‘Extremely’. Participants also rate how beneficial and useful
they considered the game using a similar 5-point scale. Finally, they rate how they experienced
playing over 3 days, and having to stop playing using a 5-point Likert scale ranging from ‘Extremely
negative’ to ‘Extremely positive’. Open questions ask participants to elaborate on their primary
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motivation for playing, why they did or did not play longer than the requested 5 minutes, and any
other comments they have about their experience. The supplementary files provide all details of
the survey.
The GUESS is a validated instrument to measure aspects of game user experience. The following
modules are used in the study: Usability / Playability, Play Engrossment, Enjoyment, Personal Gratification, and Visual Aesthetics. Although the GUESS has more modules (e.g., social connectivity),
these did not apply to the design of Pocket Odyssey. The chosen modules give an indication of the
overall quality of the game (e.g., Usability providing an indication that negative experiences are
not due to issues or difficulties with the game’s controls) and the players’ subjective experience.
Participants who are assigned either the Narlin or Narcho conditions also answered modules
of an existing survey assessing agency in interactive narratives [48]. The included modules were:
Effectance (i.e., sense of being able to influence the story), Presence (i.e., sense of ’being there’),
Character Believability, Identification (i.e., feeling like the main character), Aesthetic Pleasantness,
Curiosity, Suspense, and Enjoyment. Participants were informed these questions pertained to the
story of the game in particular.
5

RESULTS

All statistical tests are performed using Bayesian methods in JASP [27, 36]. The value of the Bayes
Factor (BF) indicates the likeliness that a given hypothesis (H1) is not equal to its null-hypothesis
(H0), i.e., the assumption that different testing conditions can be considered equal. The Bayes
Factor can be expressed as evidence for H1 relative to H0 (BF10 ), or as evidence for H0 relative
to H1 (BF01 ). All BF values in this study are expressed in BF10 notation. A BF value of 1 indicates
that there is an equal chance of the hypothesis being different from the null-hypothesis as there
is of them being similar. A value lower than 1 indicates that the null-hypothesis is more likely.
Unlike classical hypothesis testing, a Bayesian test can therefore be used to indicate likeliness of
the null-hypothesis, rather than only reject it [43]. Only results with ‘moderate’ (3<BF<10) or
‘strong’ (BF>10) evidence for H1, or H0 (‘moderate’: 0.1<BF<0.3; ‘strong’ BF<0.1) are reported
(evidence labelling used in JASP based on [28]). In the absence of well informed (and sourced) prior
beliefs, the default priors of JASP are used and are reported for each statistical test. All results are
calculated using a repeatability seed of 1 in JASP.
The following section presents results relevant to exploring the hypotheses. To reiterate, these
are:
H1: When playing game versions with supplemental game mechanics, participants will play
longer and rate their experience higher.
H2a: When the game is beneficial to participants themselves or others, they will value the game
more and play longer.
H2b: Participants more aware of the game’s purpose will value it more, play longer, and rate
their experience higher.
5.1

Descriptive Statistics

Overall, N=204 participants provided results for the study. A total of 344 participants started the
game, with 211 of them playing for 3 days and completing the post-game survey. Data from 7
participants was found to be missing data in the submitted game log and was thus discarded. Out
of the valid 204 participants, 51% identify as female (n=104), 48.5% as male (n=99), and 0.5% as
non-binary (n=1). The median age is 48.5 (mean=49.7, SD=7.7, range 40-71). Reporting game playing
frequency has a mean of 2.1, corresponding to “1 - 4 hours per week” (SD 1.2, range 1-5). Reported
player experience has a mean of 2.4, corresponding to “casual” (SD=1.1, range 1-5).
Proc. ACM Hum.-Comput. Interact., Vol. 5, No. CHIPLAY, Article 236. Publication date: September 2021.

Empirical Analysis of Game Mechanics and Perceived Value in Serious Games

Mean

Median

SD

Min

Max

Day 1
Day 2
Day 3
Day 4

18.49
16.47
18.51
7.36

13.29
11.55
12.83
2.92

18.16
14.64
18.06
16.00

5.14
2.28
0.0
0.0

202.84
167.90
189.16
145.59

Total

63.33

48.66

55.77

15.28

514.36

(a) Playing times descriptive statistics (in minutes).
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(b) Box plots for playing times per day.

Table 1. Aggregate playing times over multiple days.

Total playing times and playing times for each day are shown in Table 1. Days are counted
relative for each participant, meaning that participants might have not played for a day between
‘Day 1’ and ‘Day 2’. One participant logged in on ‘Day 3’ without playing the game, having played
a total of 28.2 mins overall before. Data from this participant is kept due to providing play time of
at least 15 minutes, despite not having actively played for three days.
Splitting up the play time per game segment, the total playtime for the submarine game has a
mean of 36.4 mins (SD=36.6, range 5.42 - 335.71), playing time for the ship has a mean of 9.93 mins
(SD=7.35, range 0.0 - 56.61), and playing time for the story has a mean of 4.88 mins (SD=4.78, range
0.0 - 38.61).
GUESS items are scored on a 1-7 Likert scale. Results per category are as follows: Usability
— mean=5.7, SD=0.8; Play Engrossment — mean=4.7, SD=1.1; Enjoyment — mean=5.1, SD=1.3;
Personal Gratification — mean=5.4, SD=0.9; and Visual Aesthetics — mean=5.3, SD=1.1.
On average, players are “moderately” aware of the game’s purpose (mean=2.8, SD=1.1), and
they are “moderately” motivated by the purpose (mean=3.0, SD=1.0). When asked about the
game mechanics, players are “moderately” to “very” motivated by collecting all coins (mean=3.7,
SD=1.0), “moderately” motivated to fix and decorate the ship (mean=3.1, SD=1.3), and “slightly”
to “moderately” motivated to see the story (mean=2.7, SD=1.2). Participants consider the game
“slightly” to “moderately” beneficial to themselves or others (mean=2.7, SD=1.0), and “slightly” to
“moderately” useful (mean=2.7, SD=1.0). Each of these questions is scored on a 5-point Likert scale.
Asked whether they would play the game again if it had more content, 78.9% (n=161) answered
‘yes’.
5.2

Comparisons Between Condition Groups

Participants were sorted into condition groups with the following distribution: Base_Self (n=32),
Cust_Self (n=34), Narcho_Self (n=35), Narcho_Other (n=36), Narcho_None (n=33), and Narlin_Self
(n=34). As such, the amount of participants between condition groups was roughly equal and of
large enough size to perform statistical analysis between groups.
To compare data between game versions, Bayesian ANOVA tests (with default priors of 0.5 for
‘r scale fixed effects’ and 1 for ‘r scale random effects’ [49]) were performed between Base_Self,
Cust_Self, Narcho_Self, and Narlin_Self. Players in Base condition reached a higher maximum level
(mean=14.3, SD=1.7, BF=8.332) than those in other conditions. Except for this, all other measures
show either only anecdotal evidence, or evidence for condition groups having no meaningful impact.
For example, strong evidence is found that total playing time is not impacted by the game condition
(BF=0.141). Similarly, either moderate or strong evidence was found that GUESS categories are
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not impacted either (Usability — BF=0.139, Play Engrossment — BF=0.107, Enjoyment — BF=0.080,
Personal Gratification — BF=0.103, Visual Aesthetics — BF=0.193). A separate test was run between
all condition groups except for Base_Self to examine progress on fixing up the ship, but results
show no impact in this case either (BF=0.063).
The same tests were performed to compare data between purpose condition groups, i.e., Narcho_Self, Narcho_Other, and Narcho_None. No measures show moderate or strong evidence for H1.
In this comparison, submarine playing time, level progress, and game perception and motivation
are of particular interest. Strong evidence was found that submarine playing time (BF=0.091) and
maximum level (BF=0.089) are not impacted by the game condition. The same lack of impact was
found for purpose awareness (BF=0.222), GUESS Usability (BF=0.098), Play Engrossment (BF=0.130),
Enjoyment (BF=0.113), and Visual Aesthetics (BF=0.145).
A Bayesian Independent Samples Student T-Test (prior cauchy scale 0.707) was performed
between the condition groups Narcho_Self and Narlin_Self to examine differences between a linear
narrative and one with player choice in regards to player agency. Most results again provide
evidence that there is no impact. The only exception is Effectance, which shows strong evidence
for H1 (BF=6.042).
5.3

Correlations

With evidence indicating that measures between testing conditions are largely similar, pair-wise
Bayesian Pearson’s 𝜌 correlations were carried out across the entire study population. The investigation of correlations was motivated by the desire to explore potential impacts of player motivations
and purpose awareness, as well as to identify metrics that should be studied in detail in future
work.
Such an investigation of multiple comparisons typically involves adjustments to reduce the
risk of false positives (e.g. Bonferroni correction). In Bayesian statistics, such adjustments are not
necessary because evidence for (or against) a hypothesis is expressed directly as a probability of H1
versus H0, instead of the rejection of H0 with the probability of a type I error. As such, probabilities
of multiple comparisons do not accumulate to increase the likelihood of a type I error. However,
multiple Bayesian correlations require the adjustments of priors, as individual comparison pairs
are likely not fully independent from one another [52].
Methods for establishing such priors, even in the absence of informed strong prior beliefs, have
been described in literature [18], but have not yet found their way into JASP. Thus, the correlations
that were carried out do not involve informed priors and treat each comparison as independent. The
stretched beta prior width was kept at its default of 1 in JASP, indicating uninformed priors [57].
Correlations with ‘strong’ (BF>10), ‘very strong’ (BF>30), or ‘decisive’ (BF>100) support are
reported below. For detailed correlation results, refer to the JASP report in the supplementary
material.
• GUESS Usability correlates with maximum submarine level (r=0.225, BF>10), total collected
coins (r=0.258, BF>30), and purpose awareness (r=0.290, BF>500). It correlates negatively to
player age (r=-0.233, BF>10).
Play engrossment correlates to total time (BF>50), time on day 3 (BF>50), time on day 2
(BF>10), maximum submarine level reached (BF>10), and number of submarine level attempts
(BF>10).
Enjoyment correlates with total submarine play time, maximum level reached, number of
submarine level attempts (all BF>100), time on day 2 (BF>30), and total coins collected
(BF>30).
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Personal gratification correlates to total submarine play time, time on day 2, time on day 3,
maximum submarine level reached, coins collected, number of submarine level attempts, and
number of attempts failed (all BF>100).
All except Visual Aesthetics correlate with purpose motivation (BF>100). All GUESS measures correlate with considering the game beneficial and useful (BF>100, except beneficial—
Usability with BF>10). They also correlate with coin and ship motivation (all BF>100, except
Usability with BF>10). Story motivation only correlates with Play Engrossment, Enjoyment,
and Personal Gratification (all BF>100). Play Engrossment (r=-0.242, BF>30) and Personal
Gratification (r=-0.240, BF>30) both negatively correlate with playing experience.
Purpose awareness correlates with purpose motivation (r=0.315, BF>1000), motivation for
collecting all coins (r=0.217, BF>10), considering the game beneficial (r=0.302, BF>1000) and
useful (r=0.363, BF>100k).
Purpose motivation correlates with coin (r=0.342, BF>10k) and ship motivation (r=0.292,
BF>100), considering the game beneficial (r=0.509, BF≫100k) and useful (r=0.492, BF≫100k),
how players experienced playing for 3 days (r=0.313, BF>1000), and the maximum submarine
level reached (r=0.227, BF>10). It also negatively correlates with having to stop playing at
the end of the experiment (r=-0.339, BF>10k).
Considering the game beneficial and useful both correlate with each other (r=0.838,
BF≫100k), playing for 3 days (r=0.575, BF≫100k), and coin, ship, and story motivation
(BF>1000). Both also correlated negatively with having to stop playing the game (BF>100).
‘Beneficial’ correlated positively with the maximum submarine level reached (r=0.242, BF>30).
Game motivations: Coin motivation correlates with ship motivation (r=0.366, BF>10k), total
time (r=0.337, BF>10k), and total coins collected (r=0.324, BF>1000). It correlates negatively
with having to stop playing (r=-0.337, BF>10k). Ship motivation correlates with story
motivation (r=0.348, BF>100). All three (coin, ship, and story motivation) correlate positively
to playing over 3 days (BF>1000).
Age negatively correlates with playing experience (r=-0.328, BF>1000), playing frequency
(r=-0.245, BF>30), and purpose awareness (r=-0.217, BF>10). It also positively correlates with
total submarine playing time (r=0.227, BF>10).
Playing experience and playing frequency both negatively correlate with total times
failing at a submarine level (experience: r=-0.286, BF>100; frequency: r=-0.230, BF>10), and
correlate positively with each other (r=0.705, BF≫100k).
Qualitative Results

Participants could input text freely when asked (1) what their main motivation for playing was,
(2) why they played more or less than the requested 5 minutes, and (3) whether they had any
other comments about their experience. Although none of the fields were mandatory to complete
the survey, all 204 participants answered the first question, 196 answered the second question, and
156 answered the third question. One of the researchers performed an analysis of the collected
data, assessing comments in each of the three categories and coding them with recurring themes.
This classification was reviewed by another researcher.
The coding protocol consisted of labelling responses specifically mentioning different game
aspects (i.e., submarine navigation, coin collecting, ship decoration, story, or the game in general),
those related to categories of the GUESS survey (i.e., personal gratification, enjoyment, play engrossment, usability/playability, aesthetics), and those mentioning the purpose of the game (e.g.,
training memory).
For questions two and three, responses for each of these categories could be either positive or
negative (e.g., “I found the coin collecting quite fun” or “The coins were frustrating” were labelled
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‘coin (+)’ and ‘coin (-)’ respectively). To determine whether a comment related to a GUESS category, the questions of the category were used as a guideline (e.g., comments relating to a sense of
achievement from improving are closely aligned with the questions from the Personal Gratification
module). Additional themes were identified throughout the coding process and comments were
tagged accordingly. These themes include reflections on participation in an experiment or receiving
monetary compensation (e.g., a motivation of “taking part in the experiment and earning some
cash ;)”), and suggestions to improve the game (e.g., “I would like to use the WASD keys”).
Comments could be labelled with multiple themes. For example, “I just liked the challenge of
trying to navigate the submarine and collecting the pieces. I played because of enjoyment mainly”
was coded as ‘coin (+)/submarine (+)/personal gratification (+)/enjoyment (+)’, while “It wasn’t the
most interesting game, so I probably wouldn’t play it again, but I enjoyed it for the short time of
the study” was coded as ‘game (-)/enjoyment (+)/play engrossment (-)’.
The results are summarised in Table 2. For the complete list of coded responses, please refer to
the supplementary files. The primary goal in collecting qualitative data for this study was to help
contextualise and better understand the qualitative findings. Frequencies of theme occurrences
were not used for statistical testing, but to serve as an indication of how often a certain sentiment
occurred among the participants.
6

DISCUSSION

Overall, results suggest that the game was well received. GUESS measures were well above the
mid-point and most participants said they would play the game again if it had more content. The
weakest measure was that of Play Engrossment, relating to feeling ‘absorbed’ by an activity, which
makes sense for this type of ‘casual’ game. Even so, Play Engrossment was still above the mid-point
as well. Participants generally considered themselves casual game players and reported playing
games for a few hours each week. Negative correlations between GUESS measures and playing
experience, as well as comments made by participants, suggest the game was too simplistic for more
advanced players. However, for the majority of less experienced players (i.e., the target audience
for this type of design, should it be used for cognitive training) the game was enjoyable.
On average, participants played the game for ≈60 minutes, or ≈48 minutes when controlling for
outliers. In both cases, this is well over the 15 minutes requested in the experiment instructions.
Players were also generally aware of the game’s purpose and motivated by it. Motivation to collect
all coins, fixing up the ship, and seeing the story were all around the mid-point, with coin motivation
being the highest. Not surprisingly, participants who became more engrossed by the game also
enjoyed it more, experienced more gratification from playing, tended to play longer, progress
further, and perform better. Older participants tended to be less aware of the game’s purpose. They
also tended to have less experience in playing games and scored the game lower in Usability. It
is possible that, due to having to spend more time and energy understanding and mastering the
game, older users had less attention for the game’s purpose. However, despite difficulties, there is
no evidence to suggest they played less far into the game or enjoyed the experience less.
Interestingly, participants played more on Day 3 of the experiment than on the other days. Given
the comments of participants that they wanted to finish the game, get as far as they could, or collect
all coins, it could be they played more on this day as the experiment was about to end, (despite
having been informed that they could keep playing the game upon completing the final survey).
Therefore, it’s possible they put in more time to achieve their goals while they felt they still could.
6.1

H1: Effects of Game Mechanics

Statistical evidence suggests that the different game conditions did not meaningfully impact most
measures. The only exception is that participants in the Base condition progressed further in the
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Question
Motivation

More or Less

Other

Theme
Experiment
Reward
Coins

Count
38
23
59

Ship
Personal Gratification

36
95

Enjoyment
Purpose
Coins (+)
Submarine (+)
Ship (+)
Story (+)
Personal Gratification (+)

31
5
34
16
11
13
88

Enjoyment (+)

62

Play Engrossment (+)

20

Game (-)

18

Story (-)

16

Enjoyment (+)

48

Usability/Playability (-)

22

Purpose

9
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Example
“To give good results for the test.”
“Cash reward.”
“It was interesting and I wanted to earn the
maximum number of coins.”
“To deck the ship out as much as I could!”
“The challenge to collect coins and get to
the next stage.”
“For some reason I actually enjoyed it.”
“Knowing it was to train your memory.”
“To retry to get the 3 coins.”
“I wanted to see the evolution of the levels.”
“Because I wanted to finish the ship.”
“To find out how it ended.”
“I wanted to complete all the levels by the
end of the three days and replayed a number of stages to collect more coins.”
“It was nice to do this when taking a short
break.”
“Found it fun and lost track of time while
while playing.”
“It was pretty dull and basic and reminded
me of old games my kids played decades
ago.”
“The story didn’t really seem to go anywhere or have any relevance to the other
elements.”
“I never got into computer games when I
was younger and I’m usually bad at them.
This game was accessible and quite enjoyable.”
“All is good - apart from finding the submarine a little difficult to manoeuvre and
not very responsive when negotiating tight
places!”
“Found it really fun and did make me really
think about strategy and help memory.”

Table 2. A selected overview of identified themes per question.

game. This is not surprising, as the game had no other mechanics to potentially take up time. As
such, participants spent the same amount of time playing, but with their attention focused on a
single aspect of the gameplay. These findings go against expectations that a more elaborate game
experience leads to desired player behaviour (e.g., playing longer) or enjoying the game experience
more. As such, H1 is rejected based on these results.
Even though the submarine game is fairly simple in terms of design, it received similar scores
across GUESS categories on its own as it did with additional mechanics. One explanation for this,
Proc. ACM Hum.-Comput. Interact., Vol. 5, No. CHIPLAY, Article 236. Publication date: September 2021.

236:18

Isabelle Kniestedt et al.

is that the submarine game formed the core of the game in every version – additional mechanics
were used to enrich this experience. As evidenced by the widespread use of these mechanics, both
in commercial and serious games, collecting items or reaching a perfect score are strong motivators
with widespread appeal. The questionnaire results corroborate this interpretation. This mechanic
therefore likely takes precedence over the others, and only those with an interest in the other
mechanics specifically appreciated these.
Why then, do commercial games layer mechanics? It may be because they aid in long-term
engagement, because they add variety and instil wonder on what will happen next. Although the
length of this experiment was not enough to test for this, comments by participants do suggest
some were motivated by this (e.g., wanting to see the story unfold). Another reason could be that
it allows them to stand apart from the crowd, and appeal to different demographics. As stated in
Section 2, at their core, many commercial games function the same. Extra mechanics are largely
thematic, used to appeal to different groups of players. Players will search for the type of gameplay
they want (e.g., a puzzle-type game), then choose one from the vast amount on offer based on
graphics and theme (e.g., home make-over, garden renovation, haunted house, farming, animals).
While different players may prefer certain mechanics (coin, ship, and story motivation correlated
with different aspects of the GUESS in this experiment), they are not the main reason that players
engage with the game. This appears to be supported by correlations between coin motivation, the
amount of coins collected, and the total playing time — players collected coins primarily for the
want to ‘collect them all’, rather than for what they could do with them.
Another reason that the submarine game did well on its own could be that, as the core mechanic,
it was considered the most beneficial aspect of the game (i.e., training/testing the players’ memory).
Coin motivation was the only game-related motivation that correlated with purpose awareness.
This could mean that participants perceived the submarine game to be the most important aspect,
and the ship and story only additional.
Interestingly, additional interactivity to the story in the form of choices had very little impact,
only showing a difference in one category of the agency questionnaire (Effectance). This difference
is understandable, as Effectance measures the amount of impact users feel they have on the activity.
However, this difference did not translate in different behaviour or appreciation of the game. Very
few people commented on wanting more interaction in the narrative, and negative comments
related more to the narrative itself than the lack of choice. This may have been different if choices
had had larger effects or were more tied into other aspects of the game. However, it is also possible
that interactive narratives are primarily something expected by those who play a lot of game, and
not by the more ‘casual’ players that most of our participants considered themselves to be.
6.2

H2a: Effects of Different Purposes

Similar to the different game versions, no statistical differences were established between different
purpose conditions. Based on previous research, it was anticipated that a more specific purpose
would enhance participants’ perception and appreciation of the serious game, potentially translating into measurable behaviour. However, the data does not suggest this to be the case. As it stands,
H2a is rejected.
There are a number of possible reasons why no differences were found. First of all, all participants
knew they were participating in a research study and were recruited from a platform with which
they were acquainted. It can be presumed that people who voluntarily participate in such research
studies do so because they see a certain value in them, either to assist research or because of
monetary compensation. This, in itself, most likely already establishes a certain perception of value.
Merely adding additional messages to the game to contextualise that base value was perhaps not
impactful enough to change it. Second of all, it could be that the different purposes were simply too
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similar, indicating a limitation of the study design. The Other purpose could be perceived as similar
to the None purpose, as it only provides a clearer motivation for why data was being gathered. Data
gathering is, however, quite standard in a remote research study, and it is possible this small amount
of purpose integration did not affect participants’ behaviour. The Self condition differed most from
the other two, but also did not lead to measurable changes in behaviour. This could be related to
the final reason why no effects were witnessed, namely that Pocket Odyssey was not tested for
actual cognitive effects. Moreover, even if cognitive effects had been established, participants only
played the game for 3 days. This is not long enough to truly experience cognitive improvement,
even in the most successful serious game aimed at training it. Therefore, even though participants
were generally aware of the game’s purpose, their perception of it was likely not altered as they
did not experience the benefits for themselves.
6.3

H2b: Effects of Purpose Awareness and Perceived Value

Although no differences were established between different purposes, participants who were aware
of and motivated by the game’s purpose, did consider the game more beneficial and useful. They
also scored higher in GUESS categories. It can be argued that participants aware of the purpose
were more forgiving of issues with usability, were more engrossed in the game, enjoyed it more,
and experienced more gratification. Similarly, players who considered the game beneficial and
useful had a more positive experience of the game. Participants who were motivated by the purpose
or considered the game beneficial also progressed further in it, reaching a higher maximum level,
and experienced the experiment ending more negatively. Generally, those players that were more
aware of the purpose also felt more motivated by it. These findings are in line with work presented
in Section 2 and, based on this data, H2b is accepted.
7

LIMITATIONS

The presented findings should be evaluated within the scope and limitations of the study. One
aspect of the research design is that Pocket Odyssey was not validated for its intended use case
of providing cognitive training. Although the game was considered useful and entertaining by
the participants, having actual (confirmed) benefits could have impacted the findings. However,
it is unlikely that the study time frame of 3 days was enough for players to notice any actual
benefits, even if the game had been proven to provide them. Some users commented they had the
feeling that playing the game was beneficial to them, while a few others questioned this. However,
the participants that did, seemed to be questioning the supplemental mechanics more than the
submarine. It is possible that the memory aspect was considered beneficial by users without further
explanation. It is less likely that they would consider the submarine navigation to be beneficial
without being told about it, as it is probably less directly associated with cognitive skills than
memory. Although participants were generally aware of the purpose, if the game emphasised how
its various aspects were designed to aid in training cognition (rather than only stating it could) it
may affect the results. A follow-up study should examine the game’s effects, but additional content
to the game would be required (e.g., by making levels procedurally generated) so that it can be
tested over a period of time long enough to measure cognitive effects.
In addition to the game’s cognitive effects, the mechanics of the game were also not evaluated
in terms of their relative quality to one another. Although participants were generally favourable
towards the game, some comments suggest that primarily the story was lacking in quality. Some
others mentioned that the integration between the story and the submarine gameplay was not
meaningful. This is offset by comments from other users who found the story compelling and
considered it a motivation. Results could have been impacted by the simplistic presentation of
the story (text only, versus more ‘animated’ presentation modes common in casual games) and
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the quality of the story itself. Performing the presented study helped to identify these issues, and
thus shows the usefulness of assessing aspects of serious games over evaluating them as a whole.
Regarding the presented results, however, and what they mean for future research, it is possible a
‘better’ story would have impacted the findings on different game purposes.
Purpose awareness, perceived value, and motivation were self-reported post-experiment using
questions on a Likert scale. Considering the correlations found in this data, purpose awareness,
and perceived value would ideally be explored further using additional methods (e.g., by examining
where the game draws the player’s attention and how they respond to it through biometric measures). In addition to this, game preferences were collected through a single question with a free-text
response option. The data gathered in this way was difficult to meaningfully process, as participants
had widely different ways of answering the question. Some answered with specific titles, others
with game genres, or with even broader descriptions (e.g., ‘basic games on the internet’). There is
no single, unified understanding of game genres [12] and it was decided that attempting to code
the gathered data with genres (in order to examine player’s game preferences) was at risk of too
much misinterpretation. Instead, the data gathered through Likert scale questions (i.e., amount
of time spent playing and self-assessment of player experience) were deemed more reliable. The
decision to condense previously played games to a single question was done to lessen the load on
participants, who were already asked to invest time over the course of multiple days. However,
future studies should consider including additional questions with the goal of establishing player
preferences (e.g., following Tondello et al.’s work on player traits [54]).
This study investigated two variables: game version and game purpose. As such, it would have
been possible to run a 4 × 3 between-subjects study with 12 condition groups. Given the exploratory
nature of the study, and based on a cost/return on investment analysis, it was decided to first collect
data from the 6 selected groups previously described. Results were assessed by treating the variables
as separate, only running tests between groups that had a single variable change between them.
Then, when results indicated groups were largely different, correlations were run to explore possible
points of interest and worthwhile relationships to explore in further research. It was decided to
halt data collection at this point, rather than spend resources in running the additional groups,
and evaluate what could be learned from the gathered data. Although the results do not seem to
indicate this, it is possible that the purpose of the game would have been perceived differently in,
for example, the Base condition with less compounding variables. A future study could include
the remaining groups to test for interaction effects and other possible findings not explored in the
current approach, or to further contextualise the presented findings.
Ideally, sample sizes are derived from the statistical tests one plans to perform and based on
previous work to calculate the required numbers. The sample size of this study was based on local
standards in previously published CHI papers. Compared to similar study designs, the sample
size in this study is adequate and the reported results indicate that they would not fundamentally
change with additional testing. However, future studies should ideally use previous work (this
article included) to make more precise calculations of appropriate sample sizes. Similarly, the
Bayesian priors used in this study are uninformed and based on default settings. To compensate for
this, a conservative approach was taken in interpreting the results, presenting them as interesting
directions for further research rather than solid truths. Informed priors would have improved the
study, and this study will be able to provide a basis for others to follow.
Finally, the experiment lasted for 3 days. As such, it is not possible to say how the tested mechanics (which, in a commercial setting, generally would be used to foster long-term engagement)
would have impacted player behaviour if participants had played the game over a longer time. It is
possible that, in a longer study, participants in the Base condition would stop playing earlier for a
lack of variety, while those with supplemental mechanics would continue. However, the data does
Proc. ACM Hum.-Comput. Interact., Vol. 5, No. CHIPLAY, Article 236. Publication date: September 2021.

Empirical Analysis of Game Mechanics and Perceived Value in Serious Games

236:21

not seem to indicate this at present, as the most common motivator commented on by participants
was collecting coins and finishing levels.
8

IMPLICATIONS

Surprisingly, the addition of noticeable game mechanics made very little difference to the participants’ measured behaviour, game experience and perception. Does it make sense then, for
developers of serious games, to add mechanics to supplement a core gameplay loop that engages
players in the intended behaviour? Nothing in the data suggests that adding mechanics improves
players’ game experience or alters their behaviour. If anything, it seems that additional mechanics
can, in fact, detract players from progressing in the aspect of the game that is supposed to be
beneficial when they play for the same amount of time. Considering mechanics are time-consuming
to develop and create, there is little reason to include them based on the results of this study. While
there are many other possible mechanics that were not tested here, the data suggests that creating
a well-rounded game experience around a single core mechanic could be the preferred approach.
However, examining the data also gives an indication of how additional mechanics might meaningfully contribute to a serious game’s design. Instead of being used to increase the entertainment
value of the serious game, additional mechanics can instead enforce its purpose. If additional
mechanics are added to the game’s core design with this intent, informing the player of the game’s
benefits or purpose, this in turn can influence their behaviour and game experience. In the case
of Pocket Odyssey, for example, an aesthetic theme and narrative relating to people experiencing
memory issues (rather than a sea-faring theme) could prove more effective in enforcing the purpose of the game. There are, however, many ways such mechanics could be implemented. This
experiment does not form enough of a basis to formulate guidelines to this effect, nor is the data
gathered conclusive in supporting this theory. Connecting the findings of this study (and, ideally,
the ones that will follow it), to existing design methods would be a worthwhile endeavour.
Pocket Odyssey was created with intentions of providing a beneficial task (related to memory and
navigation) in the form of a game that would motivate users to engage in this task. As discussed
before, it is not yet proven that it can actually provide this effect but, assuming that it can, its
measure of success is in whether people played it, how much they played it, and whether they would
continue to play it. In this way, at least for the duration of the study, the game is a success, and
an evaluation of the game as it was meant to be used (i.e., the Narcho_Self condition) would have
shown it to be so. Some participants could have commented on the supplemental mechanics not
being particularly meaningful to them or the quality of the narrative but, overall, the game design
would have been presented successful. Based on this, the developers might suggest that including
the tested mechanics is recommended for other, similar projects. While it is not necessarily wrong
to do so, the findings in this paper would have gone undetected had that been the only test carried
out and such suggestions would not present the full picture.
Adding choices to a narrative, something quite expected with the interactive nature of games, is
a time-consuming process. Writing engaging narratives is a difficult task. Creating artwork for collectables (e.g., decorating choices) requires resources. While all these aspects were created with the
best intentions, they did little to (1) improve engagement and (2) to emphasise the game’s purpose.
Many aspects of Pocket Odyssey can be critiqued — and the presented study shows clear directions
in which it can be improved — but the rationale behind its design is not unique. Though most
clearly exemplified in the trend of gamification, where game elements are ‘added’ to a non-gaming
task or context, many serious games are designed around the notion of ‘fun’ parts to make the
‘serious’ aspects more engaging. When evaluating serious games as a whole, even if they may
individually be successful in meeting their targets, how such ‘fun’ parts add to or detract from the
experience and the game’s purpose may go unnoticed.
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The main contribution from this paper does not necessarily lie in its individual findings, although
the authors argue for continued empirical studies into game mechanics and other elements of
a game’s design, both to further investigate what was found here and what is yet to be discovered. The primary takeaway, however, should be for readers to reconsider how serious games are
evaluated and, possibly, designed. Games are complex systems with many interacting elements
— creating and evaluating them is no simple task. During gameplay, a player’s attention shifts
between various aspects of the game’s design. This process is difficult enough to capture and
understand in entertainment games, but serious games add another layer of complexity — namely,
whether those aspects actually help the game achieve its purpose. While some aspects can simply
be for ‘fun’ or to add to the game’s aesthetics, elements that take up significant portions of time
(and attention) should ideally be designed to contribute to the serious game’s overarching goals.
Where possible, such elements should be evaluated for their contribution, or at least for how they
interact with the rest of the game. Developers and researchers should consider on a per project
basis which aspects of a game are in need of closer examination, as the presented methodology
spreads participants over multiple conditions, increasing time and resources required for attaining
usable results. However, what this article shows, is that the effort may be worthwhile.
9

CONCLUSION

This study investigated the effects of game mechanics found in commercial casual games when
implemented in a serious game for cognitive training. Additionally, it examined the effects of different serious game purposes and awareness of said purpose on perceived value, player behaviour,
and game experience.
While it may intuitively seem that games require a certain diversity and complexity to their
mechanics to be engaging, statistical evidence suggests that adding supplemental game mechanics
does not necessarily impact player behaviour or game experience. This, in turn, suggests that
serious game designers have some leeway in their decision of how much different content to create,
as players are not immediately reacting positively or negatively to this aspect of game development.
On the other hand, awareness of the game’s purpose improved players’ perception of the game.
Improved perception, in turn, led to increased game experience and players progressing further in
the game. Based on the results of this study, simply providing supplemental game mechanics on
their own do not improve engagement with the serious game. However, if additional mechanics
are used to enforce the game’s purpose, they might.
This study examined a limited number of mechanics and others may provide different results.
Similarly, the type of serious game used in this study is one in which players are encouraged to
engage with a specific task. The results should therefore not be generalised to all kinds of serious
games. In educational games that aim to explain complex subjects, for example, a completely different design approach may be needed. However, the game tested here provides a solid approximation
of existing serious games that revolve around encouraging a specific task, for example in healthcare
and for training purposes. Future work should focus on repeating this experiment with other game
mechanics, and examine how these related to serious game with another purpose.
The primary contribution of this paper is to show that, contrary to serious game validation
approaches, it is beneficial to examine specific game mechanics for how they affect player behaviour
and the game experience. The effects of mechanics that are evaluated as part of a serious game’s
entire design, may in fact not add any measurable effect to its success. At worst, they may even
detract from it. Secondly, the findings on purpose awareness and perceived value suggest these
factors are more important than so far has been discussed. It may be beneficial to control for
this effect in validation studies, in which participants are aware they are part of a research study.
Additionally, it opens up possibilities for game mechanics to be specifically used to enforce the
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game’s purpose and context. This, in turn, may actually lead to increased engagement. In addition
to these conclusions, this study’s results may form the basis for future work due to the presented
statistical findings, its data, and methodology. Finally, the game Pocket Odyssey may be used in
future studies as well.
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