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Abstract
Self-measurement systems for sports, health and games help people in evaluating
progress towards goals by displaying progress feedback. Previous research shows that
mastery versus performance goals have different effects on motivation. Less research is
done about how the two types of mastery goals, self-based and task-based, affect
motivational experiences. The current research aims to validate the paradigm of these
two types of mastery goals by exploring the motivational experiences in a physically
active game, inspired by Dance Dance Revolution (DDR).

The study is a lab study with a between-subjects design. One group of participants
receives progress feedback with self-based goals, the other group with task-based goals
while playing the game. The interactive research tool in the form of a game was
designed and developed from scratch to be able to manipulate the progress feedback, to
avoid confounding factors and to be able to log motivational behaviour. In a post-game
questionnaire, the motivational experiences were administered by means of open
questions and by questions on a 7 point Likert scale.

The game is played in short rounds: one trial round, two fixed game rounds and two
potential game rounds within the free-choice period. In the free-choice period, after the
fixed game rounds, participants are prompted with the question whether they want to
play more. Since the active dance game was completely newly developed, a short pilot
study was first conducted to test the prototype and to improve it subsequently. After
the pilot study, the lab study was conducted in which 44 participants played the
improved, interactive dance game.

The self-report measure of motivational experiences derived from the post-game
questionnaire provided several findings. The results suggest that in order to support
motivational experiences (e.g. enjoyment), progress feedback should contain self-based
goals. Although the current study gives an indication of the effects, more research
should be conducted so that self-measurement systems/devices can be designed and
tailored to provide the most effective feedback, and ultimately have a great impact on
health and wellbeing.

Mastery Motivation in Measurement Feedback | ii

Acknowledgements
This Master thesis would not have been possible without the proactive support of
several people. Hereby I would like to thank them for their support throughout the
semester of the Final Master Project.

First of all, I would like to thank my first supervisor Peter Ruijten, for all his support
throughout the entire project. Peter kept having faith that I could successfully finish this
Master Thesis even in the most challenging times and against all odds. Throughout the
entire project, Peter not only showed that he knows what it means to be a supervisor,
but he also proactively carried this out with a lot of passion. Peter helped me with
defining and developing a unique research project. Moreover he supported me with the
paperwork for the project, even after quite some rejections. All in all, I am glad that you
were my supervisor because you gave me hope in challenging times.

Next, I would like to thank Elcin Hanci for all her support. Elcin, Peter and I worked
closely together throughout the entire project. Elcin helped me in times that extra
support was needed. Her expertise in psychology helped me with designing the
experiment. Moreover she helped me with writing the study proposal. It always felt that
we were in the project together, as a team. This team spirit was especially perceivable in
our productive brainstorm sessions. We often grasped a marker to visualize everything
while brainstorming to promote creative thinking. The latter has helped us very much
in giving direction to the project.

Next, I would like to thank Wijnand IJsselsteijn for supporting me during the mid-term
presentation and the final presentation. His feedback of the mid-term presentation
provided a basis for project improvements. The research project was based on
literature about the self-based and task-based goals. Since the project is unique in terms
of applying this paradigm to an active game, Wijnand’s feedback on how to apply the
paradigm was very helpful. His feedback is implemented and is still visible in the final
interactive research tool.
Moreover, I would like to thank all the participants of the pilot and lab study for
participating in the user evaluation. I appreciate their enthusiasm and elaborate
responses. Without them conducting the experiment would not have been possible.
Thank you for recommending participation in the experiment to other participants. Of
course, also thank you for patiently waiting on the debriefing. I know that most of you
were curious what the experiment was about.
Next, I would like to thank Andrew Elliot, who was one of the theorists that proposed
the 3x2 achievement goal model, for responding to my e-mail about the study and
indicating that such research is important to carry out. This motivated me to go for it.

Last but not least, I would like to thank my friends and family for all their support. They
kept on believing in me, also in the most challenging times. Especially, Robin van
Kampen, thank you for helping me with creating the most challenging parts of the
coding (USB input/output and the logging of data). My sisters and friends, thank you for
participating in the experiment and believing in me. I would also like to thank my
parents for their extra support when deadlines were close. Thank you all for your help,
you are great!

Mastery Motivation in Measurement Feedback | iii

Table of Contents
Abstract ..................................................................................................................................... ii
Acknowledgements ................................................................................................................. iii

Table of Contents..................................................................................................................... iv
Chapter 1: General Introduction ............................................................................................. 1
Chapter 2: Achievement Goal Models ..................................................................................... 3
Definition of Motivation and Achievement Goals .............................................................. 3
Dichotomous Achievement Goal Model.............................................................................. 4
Approach Versus Avoidance: Trichotomous Achievement Goal Model .......................... 5
Approach Versus Avoidance: 2x2 Achievement Goal Model ............................................ 5
Self-based versus task-based standards: 3x2 Achievement Goal Model ......................... 6

Chapter 3: Goal Orientations in Games .................................................................................. 7

Establishing of Goal Models ................................................................................................. 7
Immediate Feedback ............................................................................................................ 8

Chapter 4: Research Aims ........................................................................................................ 9

Chapter 5: Technical Implementation .................................................................................. 10
Prototype Exploration ....................................................................................................... 10
Prototype Description ........................................................................................................ 11
Prototype Development ..................................................................................................... 12
Gameplay for Types of Feedback ...................................................................................... 14
Controlling Performance ................................................................................................... 17

Chapter 6: Method .................................................................................................................. 19
Design & Participants......................................................................................................... 19
Setting and Stimulus Materials ......................................................................................... 19
Measurements .................................................................................................................... 19

Procedure ............................................................................................................................ 20
Analysis ............................................................................................................................... 21
Results ................................................................................................................................. 21
Conclusion ........................................................................................................................... 26

Chapter 7: Discussion............................................................................................................. 27
List of References ................................................................................................................... 28
Appendices............................................................................................................................... 31
Appendix A: Code................................................................................................................. 31
Appendix B: Pre-game Questionnaire ................................................................................. 45
Mastery Motivation in Measurement Feedback | iv

Appendix C: Post-game Questionnaires .............................................................................. 51
Self-condition ................................................................................................................... 51
Task-condition.................................................................................................................. 59
Appendix D: Analysis ............................................................................................................ 67
Appendix E: Informed consent form.................................................................................... 78
Appendix F: PRF ................................................................................................................... 80
Appendix F: Game opportunities ......................................................................................... 82

Mastery Motivation in Measurement Feedback | v

Chapter 1: General Introduction
Self-tracking devices and apps (e.g. Fitbit and Moves) nowadays provide new
opportunities for supporting people with their health-related behavior change by
means of keeping track of progress towards health goals. This is also relevant in the
context of physically active games. Self-tracking is mainly focused on goal attainment
(e.g. achieving a certain performance). A distinction can be made between mastery and
performance goals (Dweck, 1986). Mastery goals focus on the development of
competence and task mastery, whereas a performance goal focuses on the
demonstration of competence and outperforming others (Elliot & Hulleman, 2017).
Mastery and performance goals, including their evaluative standards, are applicable to
various achievement-relevant domains such as school, sports, work, games and so on
(Dweck, 1986; Elliot & Hulleman, 2017; Quick & Atkinson, 2014).

Although literature shows that there is distinction between mastery and performance
goals (Dweck, 1986), less research is done about the two types of mastery-approach
goals, especially in relation to gaining feedback from self-measurement systems. Within
mastery and performance goals, the standard of competence can be defined (Elliot &
McGregor). This is a referent that can be used in evaluating one's competence. Within
mastery-approach goals two types of standards are used: self-based and task-based.

An example of a self-based goal is trying to do better than before. In this example the
previous self is the referent which is a self-based standard. An example of a task-based
goal is doing the task well relative to an absolute demand of the task. The absolute
demand of the task is the referent which is a task-based standard. Within the domains of
health, games and so on, self-tracking devices and apps display progress towards goals
as immediate and post-activity feedback to inform someone about the status of a
particular activity goal. In these domains, keeping track of the current status relative to
a standard (e.g. rankings) by means of self-measurement and immediate feedback are
common.
The studies that are conducted in the domain of achievement goals investigate the
effects of mastery versus performance goals on motivation (Harackiewicz & Elliot,
1993). In the study of Harackiewicz and Elliot (1993) participants receiving the
performance goal were told that the experimenters were interested in how well some
students play the pinball game compared to others. Participants receiving the mastery
goal were told that the experimenters were interested in how the student develop their
skills. The results of this study show that achievement goals enhance intrinsic
motivation as a function of achievement orientation.

Since previous research mainly investigates mastery-approach versus performanceapproach goals and evaluative standards are common in self-measurement feedback, a
logical next step is to investigate effects of the different types of mastery-approach goals
in measurement feedback. Therefore, the current master thesis dives into the effects of
the two types of mastery-approach goals (self-approach and task-approach goals) on
(motivational) experiences in a physically active game. Thereby, the achievement
feedback will be visually, immediately and subsequent to the activity administered
instead of verbally administered as different kinds of self-measurement systems and
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devices try to persuade people through visual feedback both immediately and
subsequent to the activity nowadays.

Research about the effects of the different types of mastery-approach goals on
(motivational) experiences is rather new and scarce, especially in terms of applying this
paradigm to health and/or game interventions. If more is known about how to
investigate the effects of different types of mastery-approach goals as well as the effects
themselves, self-measurements systems and devices in the health and/or game domains
can be designed and tailored in a way that it potentially has a great impact on health
and wellbeing.
The research question is defined as follows:

What are the effects of feedback using a task-based standard versus feedback using a selfbased standard on the (motivational) experience of people playing a physically active
game?
The remainder of this thesis is structured as follows. We will first describe achievement
goal models and goal orientation in games in order to fully understand the different
types of achievement goals and how they are related. We will next present the research
aims and the technical implication of these theories in the game that was developed for
the study. Next, we describe the study setup and its findings, after which we end with a
detailed discussion about the implications of the results and future perspectives on
progress feedback in the domains of health and games.
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Chapter 2: Achievement Goal Models
This chapter describes several theories about achievement goals and how they can be
applied to achievement feedback. Moreover, the historical development of the
achievement goal model is described in a chronological order.

Definition of Motivation and Achievement Goals

When someone begins with an activity, they often think about the goals they want to
achieve (e.g. outperforming friends, improving his/her skills etc.). People may differ in
their own generated achievement goals or may be triggered by the achievement goals
that are suggested by for example self-tracking devices. In achievement goal theory,
achievement goals are seen as a framework for studying achievement motivation
(Barron, Harackiewicz & Sansone, 2000). The emphasis of goal-based
conceptualizations of achievement motivation is on competence (Harackiewicz & Elliot,
1993). As mentioned earlier, mastery and performance goals represent different ways
of thinking about competence (Barron & Harackiewicz, 2001).

As achievement goals are suggested to reflect the purpose for achievement pursuits in
an activity and are seen as a framework for motivation, it is important to know what the
definition of motivation is (Barron, Harackiewicz& Sansone, 2000). Although the
definition of motivation and related concepts continue to evolve, different types of
motivation are listed on a range from high to low levels of self-determination:
amotivation, external regulation, identified regulation and intrinsic motivation (Guay,
Vallerand, Blanchard, 2000). Intrinsic motivation can be seen as the motivation that
someone has for doing a certain activity when it is rewarding in and of itself (Ryan &
Deci, 2000). Intrinsic motivation is thereby related to enjoyment, continued
engagement and subjective well-being (Etkin, 2016; Sansone & Harackiewicz, 2000).
Extrinsic motivation is the motivation that someone has for doing the activity as a
means to another end (e.g. for the sake of an external reward) (Ryan & Deci, 2000;
Fishbach & Choi, 2012). In other words, extrinsically motivated behaviors are
instrumental toward some other outcome whereas intrinsically motivated behaviors
are engaging for their own sake (e.g. task enjoyment) (Cerasoli, Nicklin & Ford, 2014).

Achievement goals play an important role in motivation. Goals serve a steering function
in motivation by guiding the individual in approaching or avoiding certain outcomes
(Delrue et al., 2016). Although achievement can be defined in different ways, according
to achievement goal theorists, the key factor of achievement is competence (Elliot &
Deck 2005, 2017). Competence, and thereby achievement, relate to the ability of doing a
task well (Elliot & Deck, 2017).
Although achievement goal theorists agree that ‘goal’ is related to the purpose of a
behavior, there are different opinions about the conceptualization of purpose (Elliot &
Deck, 2017). Purpose can be conceptualized as the end state that guides the behavior or
as the reason to engage in behavior or both. nevertheless, by combining the separate
definitions, ‘achievement goal’ can be conceptually defined as the purpose for engaging
in activities that require competence.
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Dichotomous Achievement Goal Model
Several achievement goal models are presented in literature and build upon each other
(Elliot & Deck, 2017). One of the first, initial, models is the dichotomous achievement
goal model, which represents a dichotomous distinction between mastery- and
performance-oriented goals (Maehr & Nicholls, 1980). Within these goals, a distinction
can be made between the standard of competence and the standpoint (a.k.a.
perspective) on competence.

One’s standpoint within mastery-oriented goals is the development of competence (e.g.
the reason is to develop one’s ability), whereas one’s standpoint within performance
oriented goals is the demonstration of competence (e.g. the reason is to demonstrate
one’s ability) (Korn & Elliot, 2017). Moreover, a mastery goal is considered to include a
task/self-based standard whereas a performance goal is considered to include an otherbased standard. Consistent with the aforementioned conceptualizations of purpose,
theorists and researchers vary in their emphasis on reason (standpoint of competence),
aim (standard of competence) or both in their achievement goal models and as
manipulations (Elliot & Deck, 2017; Elliot & McGregor, 2001).

Although there are situations in which standpoint and standard are not both present
(e.g. trying to demonstrate ability without outperforming others), perhaps standpoint
and standard can be intertwined easily. Someone who is focused on demonstrating
competence may focus on trying to outperform others. Someone who is focused on
developing competence may focus on trying to do better than before. Similarly it is
suggested that the two standards of mastery goals are easily intertwined as well.
However, we do need to take into account that the latter need not be the case when
designing achievement goal interventions (e.g. trying to have a lot of exam questions
correct without trying to do better than before).

Although the emphasis on standpoint and standard varies, research on the dichotomous
achievement goal model shows that mastery goals are likely to lead to a positive set of
behavioral processes and outcomes (Button, Mathieu & Zajac, 1996; Elliot & Dweck,
2017; Harackiewicz & Elliot, 1993). Performance goals, on the contrary, led to mixed
empirical results (Elliot & Deck, 2017). Some research even shows that the standard of
competence (e.g. normative comparison) fares worse than standpoint on competence
(e.g. demonstration of ability) within performance goals (Edwards, 2014; Elliot & Deck,
2017). In the upcoming section about the further developed achievement goal model, a
possible explanation for these mixed results is provided.
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Approach Versus Avoidance: Trichotomous Achievement Goal Model
According to Bandura’s Self-regulation theory (Bandura, 1991; Kersten-van Dijk,
Westerink, Beute & Ijsselsteijn 2017), deviations from the norm are likely to be
rectified. Thereby the achievement of the norm can serve as a reward whereas the
deviation can serve as a failure (Bandura, 1991). Experiments with goal manipulations
can focus on the achievement of a positive outcome (approach motivation) or the
avoidance of a negative outcome (avoidance motivation).

After the dichotomous achievement goal model, the trichotomous achievement goal
model was developed because the initial model lacked the distinction between
approach and avoidance motivation within the performance goals (Elliot & Deck, 2017).
Approach motivation within performance goals can be conceptually defined as striving
to demonstrate competence, also relative to others. Avoidance motivation within
performance goals can be defined as striving to avoid demonstrating incompetence
(failure), also relative to others. In relation to the dichotomous achievement goal model,
the mastery goals remained the same in the trichotomous achievement goal model.

Research shows that Performance-avoidance goals are linked to negative behavioral
processes and outcomes such as low intrinsic motivation and performance (Elliot &
Deck, 2017). On the contrary, performance-approach goals are linked to some positive
behavioral processes and outcomes (e.g. persistence and high performance) and a few
negative processes and outcomes (e.g. unwillingness to seek help). This difference in the
concepts of approach and avoidance could explain the earlier mentioned mixed results
related to performance oriented goals within the dichotomous achievement goal model
as this model did not make the distinction yet.
Since research about are mastery goals more consistently lead to positive processes, the
current thesis implements mastery(-approach) goals instead of performance goals, to
stimulate positive outcomes in terms of behavior (e.g. high performance and intrinsic
motivation) (Belanky & Nokes-Malach, 2013; Elliot & Harackiewicz, 1996; Michou,
Matos, Gargurevich, Gumus & Herrera, 2016).

Approach Versus Avoidance: 2x2 Achievement Goal Model
After the trichotomous achievement goal model, the 2x2 achievement goal model was
created (Elliot & McGregor, 2001). Instead of only including approach versus avoidance
motivations in performance-oriented goals, the 2x2 achievement goal model
implemented approach versus avoidance motivations in mastery-oriented goals as well.
Therefore, in addition to mastery-approach goals the model included the masteryavoidance goals. Although it was first difficult to define mastery-avoidance goals, it was
mainly defined as striving to avoid task/self-based incompetence.
Thereby, in the 2x2 achievement goal model, the competence was defined in terms of
standards of competence. For mastery goals this meant including a task-based
standard/reference or a person’s own intrapersonal trajectory (self-based
standard/reference). An example of a mastery-avoidance goals is trying not to miss a
soccer penalty kick. Like performance-approach goals, research about mastery
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avoidance goals varies in the results (Elliot & Deck, 2017). The focus on task/self-based
standards of competence is thought to stimulate positive behavioral processes and
outcomes, and the focus on incompetence is thought to promote negative processes and
outcomes (e.g. low performance) (Elliot & Nokes- Harackiewicz, 1996).

Self-based versus task-based standards: 3x2 Achievement Goal Model

The 2x2 achievement goal model resulted in the 3x2 achievement goal model (see
Figure 1), because of the dual nature of the mastery goals in relation to the standard of
competence (Elliot, Murayama & Pekrun, 2011). For mastery goals, the standard of
competence was either a task-based reference (e.g. absolute standard of competence) or
a person’s own trajectory (e.g. intrapersonal standard of competence). The
intrapersonal trajectory can be about how well one has performed in the past, whereas
a task-based reference is about the absolute demands of the task.
Literature within the domain of gamification also shows that individuals with mastery
orientations could either focus on a specific outcome as a measure of mastery (e.g.
beating a specific level in a game) or focus on the process of improving one’s
productivity relative to previous performance as a measure of how much they are
developing (Hamari, Hassan & Dias, 2018). Another example of an absolute standard in
a mastery-approach goal is trying to hit a ball well (a task-based goal), whereas an
example of an intrapersonal standard in a mastery-approach goal is trying to hit a ball
better than before (a self-based goal).

Figure 1. The 3x2 achievement goal model (Elliot, Murayama & Pekrun, 2011).

Although task- and self-based goals also exist in mastery-avoidance goals (e.g. trying to
avoid doing the task badly or worse than before), the focus of the current thesis is on
mastery-approach goals because research about these goals show that the results are
linked to a wide range of positive outcomes in relation to motivation (D'Astous, 2016;
Elliot & Deck, 2017; Michou, Matos, Gargurevich, Gumus & Herrera, 2016). As
mentioned earlier, other-approach and other-avoidance goals exist as well but are not
implemented in the current thesis as these can be linked to negative behavioral
processes and outcomes (Edwards, 2014; Elliot & Deck, 2017). Therefore, in the current
paper, task-based and self-based mastery-approach goals are the focus.
Mastery Motivation in Measurement Feedback | 6

Chapter 3: Goal Orientations in Games
Establishing of Goal Models
Although the 2x2 goal orientation model is applied in the field of games by Heeter et al.
(2011), the 3x2 achievement goal model has yet to be further investigated. Quick and
Atkinson (2014), formulated task- and self-approach goals on the basis of the 3x2
achievement goal model for the context of games which is part of the Gaming Goal
Orientations (GGO) model (see Figure 2 for item examples). Moreover Mascret, Elliot
and Cury (2015) have extended the 3x2 achievement goal model to the sport domain
and their results promise to allow extensive studies about the achievement goals
regarding sports with the Achievement Goal Questionnaire for Sport (AGQ-S) (see
Figure 3 for item examples). However as these are preliminary results, further research
should be conducted about what contributions the 3x2 achievement goal model may
hold for motivational experiences in the context of physically active games.

More specifically, research about applying the 3x2 achievement goal model (or a part of
it) to immediate feedback as goal manipulations in order to investigate the effects on
people’s motivational experiences still needs to be conducted. The study within this
thesis aims to achieve the latter and is inspired by the task-approach and self-approach
items of the GGO model.

Figure 2 Six example items of the GGO Model

Figure 3 Six examples of the AGQ-S
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Immediate Feedback
An important aspect of achievement goals is feedback. Similar to the differences in goal
orientations, the manner in which immediate feedback is presented to the user may
influence the motivation and subsequent behavior. The feedback can contain self-based
standards (e.g. score of your previous self), task-based standards (e.g. maximum score)
or other-based standards (e.g. score of others) to support the user in reflecting on their
current achievement relative to the standard. As the current paper focusses on masteryapproach goals, the feedback can be designed to represent a predefined endpoint
(target) as the task-based standard or past performances as the self-based standard that
is focused on the process of surpassing oneself. Therefore, the person can surpass the
self-based standard while striving to do better than before. In the task-based standard,
the person can come closer to the target, while striving to achieve absolute competence.

An example of the task-approach goal is beating the game and an example of the selfapproach goal is referred to as completing more levels in a game compared to a
previous play-session (Quick & Atkinson, 2014). According to Sailer, Hense, Mayr, and
Mandl (2017), by showing the player's performance including the past performance
over a fixed period, they focus on improvement. The question remains, whether people
with a self-based standard will try to surpass the self-based standard more often or
whether people with the task-based standard will try to achieve (or come closer to) the
absolute target more often.

Video games can include self-based and task-based standards as feedback. For example,
self-improvement feedback is implemented in the game ‘Team Fortress 2’, when the
player receives the following message after dying: “On the bright side… you stayed alive
as Scout longer that round than your previous best”. Moreover, an example of taskbased feedback could be about whether someone completed the game level or how
close someone is to completing the level. Next to the field of video games, in the field of
self-tracking, devices are also quantifying performance along the same dimensions to
motivate people (e.g. displaying feedback about the most steps one has taken in a day).
Although such feedback principles are applied, no research has been found about the
difference between task-based and self-based standards in terms of motivational
experiences or number of attempts (in active games).
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Chapter 4: Research Aims
Earlier work in the domain of achievement goal models and goal orientations in games
suggests that there are positive implications of mastery-approach goals. However, it is
yet unknown whether task-based or self-based standards in feedback promote more
motivational experiences.

The study in the current thesis is a first attempt to explore the effects of the two types of
mastery-oriented feedback (either with a self-based standard or task-based standard)
on the motivational experiences. The study is thus a practical implementation of taskapproach goals and self-approach goals, that have been identified in the 3x2
achievement goal model, as goal manipulations in a interactive game. It is validated
whether the mastery paradigm could be used for manipulating motivational
experiences. The literature review led to the following hypothesis:
It is expected that people who receive self-based feedback are more intrinsically motivated
in relation to improving the self than people who receive the task-based feedback.

The reasoning is that an external motivator tends to decrease intrinsic motivation
(Etkin, 2016). Moreover, self-based feedback might feel more internally driven (e.g. set
by oneself) as it is focuses on the self and improving the self, whereas task-based
feedback might feel more externally driven (e.g. set by the game) as it focuses more on
the task and performing the task well. Next to the above mentioned hypothesis, it is
explored whether the type of mastery-oriented feedback also plays a role in or
influences other types of motivation (e.g. identified regulation etc.).

To test the hypothesis, an active game was developed as a research tool to validate
whether the mastery paradigm could be used for manipulating motivational
experiences. This game was inspired by Dance Dance Revolution (DDR). DDR is an
active and skill-based dance game in which achievement feedback is displayed (e.g.
dance score).
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Chapter 5: Technical Implementation
Prototype Exploration
Various existing screen-based products and digital applications were analysed to
determine their suitability for the evaluation, mainly in the domain of video games and
health/exercise related applications. One of the core requirements for the device is the
adjustability of the feedback, either programmatically or by physically
covering/overlaying game feedback. Not only does the feedback need to differ between
self- and task-related evaluations, the feedback also needs to be experimentally
controlled in order to make sure each player reaches the same progression/goals and to
avoid confounding factors.

Many games and devices feature suitable physical interactions and goal progression,
either in terms of score or levels. However, for the majority of the explored solutions the
feedback is not suitable. In most cases the feedback is not limited to a single ‘level’ or
‘score’ field, but features a wide variety of feedback to inform the player about their
progression (e.g. ‘Just Dance’ & ‘Dancing Stage’). Additionally, most of the systems are
closed and cannot be altered programmatically. Physically altering on-screen feedback
is possible to a certain extent (e.g. by overlaying a ‘score’ field with a tablet device that
displays a different score), but when multiple feedback elements are present this
becomes more difficult (e.g. ‘River Rush’). Furthermore, physically overlaying feedback
elements might make the goal of the evaluation too apparent for players (e.g. ‘Space
Pop’ & ‘20.000 leaks’). See appendix F for a more detailed overview of the explored
solutions.
Some open-source games were found to be more suitable for the experiment as they
would allow feedback to be adjusted programmatically. Unfortunately, the availability
of open-source games that focus on physically active play is limited. Moreover, the
open-source solutions that featured suitable interactions (e.g. Stepmania) are often too
complex for the purpose of the experiment or feature little or outdated documentation.
Therefore, instead of relying on a pre-existing solution a new prototype was created
from scratch which allows for more precise control of input and output without the
suspicion of the players.
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Prototype Description
The prototype plays similarly to familiar dance games such as Dance Dance Revolution.
In this game the player stands on a dance pad and receives points for timing the steps
correctly (see figure 4). Within the prototype, a music track is started whilst arrows of
various orientations move from the bottom of the game screen to the top. In sync with
the music track, the arrows pass over an ‘input line’. The players can increase their
score when they step on the arrow on the dance pad with the corresponding orientation
at the right time. The goal of the game is to time your steps as this affects the achieved
dance score.

Figure 4: Testing the prototype in action
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Prototype Development
For the development of the prototype the Adobe Flash software platform and
ActionScript 3 programming language are used. This development environment was
selected based on the requirements that the environment provides options for
connectivity to uncommon peripherals and controllers such as a dance pad controller,
input/output options for the filesystem and utilities for rapid game prototyping &
animation. See the code of the game in Appendix A.

The game runs on a PC which is connected to a beamer to ensure visibility for the player
when the game played at a larger distance from the screen. Input is given via a dance
pad controller which is connected through an USB port. Raw data from the dance pad is
converted to simple on/off input for each button. The left, right, up and down arrows
are used throughout the game to provide input, the x and o buttons are used for UI
selection.
The music is a core component of any dance game. In order to limit distractions, a nonvocal and unfamiliar music track was used. The two main requirements for the music
track are its license (free to use for the purpose of this experiment) and the ability to
map an accessible (beginner-level) dance pattern to the beat of the track. The original
music track ‘Soul sister’ from Robbero is shortened to approximately two and a half
minutes to prevent exhaustion during play.
The dance pattern was manually mapped in an original pattern. The difficulty of the
mapping is determined by the time between inputs and the number of inputs which
need to be inserted at the same time. The mapped difficulty was inspired by the
difficulty scaling of existing dance games.

The graphics for the game were created in Adobe Illustrator and Adobe Photoshop. The
graphics are mostly vector-based, which allows for easy integration within the Adobe
Flash environment (see figure 5).
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Figure 5: Prototype development in Flash environment

The core challenges for the coding of the prototype are the input timing and score
manipulation. In order to make the dance game feel responsive the input timing needs
to be very precise and the framerate needs to be as high as possible. The framerate was
increased to over 44 frames per second from the default 24fps in order to create a
higher framerate whilst remaining close to the audio frequency of the music track.
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Gameplay for Types of Feedback

Figure 6 Immediate Feedback (Left)Self-based (Right)Task-based

In order to implement goal manipulations, the game features two modes: one displaying
self-based feedback, the other displaying task-based feedback. In terms of gameplay,
scoring and progression in the game is identical to avoid confounding factors. The only
difference is in the text-based feedback which is shown at the reference line of the score
progression bar chart during a game round (see Figure 6) and after a game round and in
the text message which is shown at the end of each round when the final score is shown.
During the game, for each round aside from the trial round, a message is shown
between the numerical score and the bar-chart score representation, along with an
indicator (reference line) overlaying the bar-chart. For the mode with self-based
feedback the message will read ‘Your past dance score’ and the indicator is set at the
score the player reached in the previous round. For the group with task-based goals the
message will read ‘35% of max. dance score’ (number differs per round) and the
indicator is set at the same percentage of the bar-chart. For both modes of feedback the
position of this indicator is the same for the corresponding round since the final scores
for each round are always fixed.

Once the round is completed the game will progress to the final scoring screen where
the scores are tallied (see Figure 7). This final scoring screen is implemented because
some players might not focus that much on the immediate feedback while playing the
game as they need to pay their attention to and react on time for hitting the steps
correctly (the dynamic arrows follow quite rapidly after each other). The representation
is similar to the in-game score representation, but more emphasized: the bar chart is
zoomed in, vertical and fills up in a smooth motion. The final score is shown numerically
on the top of the screen and a bar-chart representation is shown on the same screen
along with the indicator and message. Both game aspects aside from the indicator
manipulation are common in DDR related games. After the final scoring screen of each
game round a User Interface button will appear (fades in) which will allow players to
advance to the next screen by pressing on a corresponding button on the dance pad.
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Figure 7: Example of a final scoring screen

In this final screen the feedback is the same for both groups of players, but differs
depending on the number of rounds that have been played. If the player reached the end
of the trial round or the round that follows the trial round the player is simply
instructed to step on the ‘O’ button to start the next round. This interaction was chosen
so that the player was in control of when to start a next rounds (some players might
need more time for this than others at it is a game that requires physical activity). Two
fixed game rounds after the trial (as the reference point is based on the previous score)
were created so that the player can see that he/she is developing their ability over time
(to promote the mastery goal).

In the game round beyond the fixed rounds the player is presented with an additional
option and message (free-choice to play more) in order to administer a behavioural
measure of motivation. The message will thank the players for playing, inform the
players the game rounds are completed and that their dance scores are saved.
Additionally the message will prompt the players with the question whether they want
to continue playing the game or not (e.g. ‘Play more?’). Two buttons will appear and the
players are able to continue playing by stepping on the O button for ‘Yes’ or stop playing
by stepping on the X button for ‘No’ (see Figure 8). If the player decides to continue
playing he/she will be prompted with the same message at the end of this round. If the
player will again decide to continue playing the message will not appear at the end of
this round, instead the player is thanked for participating and the game will be stopped.
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Figure 8: Screen of the Free-choice period
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Controlling Performance
Feedback for the score is provided in two ways: numerically and through a bar graph
which gradually fills when the score increases. The final score for each round is fixed
and is the same for each player. The player’s score gradually increases during the game.
The score is actually linked to the user input. When the player steps on the correct
arrow button at the right time the score will increase, the more accurate the input the
higher the score. If wrong, late or no input is given the score will not increase. A
number of manipulations are performed on the score to ensure the desired output is
given at the end, whilst preventing player of becoming suspicious of any manipulations
taking place:

1. For each correct arrow a score of 50.000 or less is awarded, depending on the
accuracy. A nearly perfect input might result in a score increase of 48.345. By using high
numbers deviations to the awarded scores can be made which will go unnoticed during
the fast-paced game. The game features almost 150 inputs per round and the final
scores will feature 7 or more digits.

2. The game features easy segments and more difficult segments. During the difficult
segments the required input rapidly changes, or multiple inputs need to be given at the
same time. During these segments the awarded scores will be manipulated depending
on the player’s progression so far. If a game round requires players to provide correct
input 35% of the time to reach the fixed score and the player actually performs better
up till that point, the awarded scores will be decreased. If the player is falling behind the
awarded scores will be increased. The increase and decrease in score is calculated
based on the player’s current score and expected score (to be on track for the final
score) at that point in the game.
3. The scores are not instantly awarded, but are awarded over 7 frames. This causes the
score feedback field to count up to the new score instead of instantly changing. Due to
this animation deviations in the score are hard to notice.
4. If the player is falling behind rapidly the margins for giving input will slightly
increase. By doing this the player will also be able to provide correct input more often
during segments where input is directly linked to the awarded score and cannot be
manipulated. Likewise, margins are decreased if the players is performing better than
required.
5. The fixed final scores are not nicely rounded numbers.

By applying these manipulations the players will always be more or less on track to
reach the fixed score. The final manipulation is done at the very last input. The game
ensures the player will not have reached the final score before the final input, but will
be relatively close. This final input is easy to perform correctly and has a high duration
which causes the score to incrementally increase over a longer period of time. During
this time the score will increase up till the fixed score threshold.
This variety of subtle manipulations should prevent the player from noticing any
manipulations are going on. Additional features are implemented taken to prevent the
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player from meddling, for example when they do not provide any input or only provide
a single input repeatedly.
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Chapter 6: Method
Design & Participants
A lab study is conducted that focusses on the two types of mastery-approach goals. The
study is a between-subjects design in which participants received feedback on progress
either towards self-approach goals or towards task-approach goals. Therefore one
condition is the Self condition in which participants received reference labels in terms of
their previous dance score (“Your past dance score”). The other condition is the Task
condition in which participants received reference labels in terms of a percentage of the
maximum possible dance score (e.g. “35% of max. dance score”). Participants' scores
were experimentally controlled to avoid confounding factors.
The participants were mainly students and some employees between the age of 18 and
34 years old (Mean=25.6, Std. Dev.=3.8), because the lab study took place at the TUE/e
campus. The participants were randomly assigned to either one of the experimental
conditions (self or task). In total 44 participants were part of the study (20 Female and
24 Male participants).

Setting and Stimulus Materials

The participants played the game which is a skill-based task on which achievement
scores can be assessed. The room in which the lab study was conducted was a room in
the MetaForum (a building at the TU/e campus) which contained a digiboard. The game
was displayed on this digiboard which was connected to a laptop and to the dance pad.
The two windows in the room were covered with paper to avoid dancing in public. One
experimenter conducted the experiment and gave instructions to the participants. Each
participant had a pre-game questionnaire and a post-game questionnaire. At first a Pilot
study was conducted with 10 participants to test the prototype and the procedure.
Based on feedback from the participants of the pilot, the prototype was improved in
terms of feedback text, reference labels, reference line, amount of progression and freechoice text. With the improved prototype the lab study was conducted.

Measurements

Achievement orientation was a measure in the pre-game questionnaire as this might
moderate the motivational experiences. From the Personality Research Form (PRF;
Jackson, 1974), 8 items of the Achievement Orientation subscale were used (see
Appendix F). Harackiewicz and Elliot (1993) also used a form of this measure in their
study about goals manipulations and intrinsic motivation. Next to achievement
orientation, other personality measurements were administered such as the likability of
dancing, play and exhibition (not afraid of being in the spotlight) etc.

The Situational Motivation Scale (SIMS) (Cronbach’s alpha = 0.86) and five items on task
enjoyment (Cronbach’s alpha = 0.88) (the latter of which was used in the study of
Harackiewicz and Elliot (1993)) were used (on a 7 point Likert scale) as a self-report
measure of different types of motivation in the post-game questionnaire (Guay,
Vallerand & Blanchard, 2000; Harackiewicz & Elliot, 1993). The items of this
questionnaire were adapted to a past tense and to fit the context of the experiment.
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Task enjoyment related to the question to what extent the player enjoyed playing the
game. Moreover, open questions related to why participants played the DDR game and
how the feedback made them feel were also a self-report measure of motivational
experiences.

The dance pad logged the behavioral measure of intrinsic motivation by measuring the
time that the participants stands on the dance pad in the free-choice period (4 min).
Moreover the dance pad logged the amount of rounds played as extra measure (some
participants might stand on the dance pad for a long time but might not give input while
playing the game and then the game round restarts). Performance was also logged by
the developed research tool.

Procedure
First the participants were asked to read and sign the informed consent form (See
appendix E). Before the dance game was played by the participants they were asked
personality related questions about achievement, play, exhibition and endurance etc. in
a pre-game questionnaire. Next, the participants were asked to hand in the phone and
watch (the clock of the laptop and room were also covered). Afterwards, the participant
took place on the middle of the dance pad and received a brief introduction of the game.
In the introduction, it was stated that the participants were required to first do a trial
round and after this several game rounds. After this the trial round started in which the
participants could ask questions. In the subsequent game rounds (the 2 fixed rounds
and the 2 optional rounds) the participant could not ask questions and the
experimenter did not intervene. Only when the free-choice period started the
experimenter mentioned “I need to make a copy, I will be right back”. The experimenter
left the room with some papers.

After the music track is over a round is considered complete and the next round can be
started. The music, dance pattern and difficulty are the same for each round, only the
score feedback changes. The higher the round, the larger the final score for that round,
because the focus lays on approach goals (not on avoidance goals). During the freechoice the participant could choose to play more or to stop. After 4 minutes the
experimenter got back and the post-game questionnaire was opened on the laptop.
They were thanked for their participation and were told that they would receive a
debriefing per email as the experiment is currently still running. The experiment took
30 minutes for which the participants were paid 5 euros.
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Analysis
The data was coded to analyze the differences between the two between-subjects
conditions in order to test the hypothesis that participants in the self-based condition
are more intrinsically motivated in relation to improving the self than participants in
the task-based feedback. This analysis combined the data of the open questions from
the post-game questionnaire. In a sheet, all the responses to the open questions were
coded openly (without creating codes before looking at the data) (see Appendix D).

Next to analyzing the data of the open questions, a multiple choice question from the
post-game questionnaire about how the feedback made the participant feel was
analyzed (Motivated/Competitive/etc.). Moreover an independent samples t-test was
carried out as an attempt to confirm the results that derived from the analysis in which
the responses were coded.

Results

The analysis consisted of nine open questions of which the responses were coded. All
codes seemed to fall within one of the five main categories (see Figure 9). The colors of
the five main categories correspond with the highlighted responses of the participants
which are displayed in the response sheet (see appendix D). This color coding was used
in order to easily tally up the responses.

Figure 9: Five main categories

The code of Motivation/Satisfaction was mainly related to enjoying the game. Failing
was mainly related to making mistakes in terms of dance steps and having a low/bad
score. Performance/Competition was mainly about the score, also compared to others,
max dance score, achieving ##% and performing well. Improvement/Continuing was
mainly about improving upon the self, score higher than before and therefore referring
to the previous and upcoming attempts. Activity/Physical exercise was mainly related
to the task of getting in a certain rhythm, providing the dance steps and coordination.
While coding the responses, a difference between addressing some game aspects
became clear. Some descriptions were more self-involved (e.g. ‘My score’) than others
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(e.g. ‘The score’) across the categories. Therefore it was decided to also take Talk-AboutSelf into account while analyzing.
The number of appearances of each of the categories were counted per condition. In the
following figures, an overview of the most important open questions and the number of
participants who’s answers were categorized into each of the five categories are
presented.

Figure 10 Feelings when receiving dance score

Figure 10 shows the number of responses to the question how participants felt when
receiving a dance score. As can be seen in this figure 10, answers in relation to
motivation/satisfaction are common in both conditions. This is no surprise given that
the game was created in such a way that all participants improved over time
(approached goals). In both conditions 70% of the participants responded in relation to
motivation/satisfaction.

Furthermore, figure 10 suggests that the number of responses in relation to failing and
performance/competition is higher in the task-condition. As percentages (absolute
numbers) are given in the task-condition, some people might feel the urge to avoid
doing bad and strive for a high score. Moreover, some of the participants even indicated
at 35%, ‘65% more to go’. The same references in the self condition (with a different
label) might focus the attention towards doing better, which can explain why Failing is
lower the self condition.

As can be seen from figure 10, the number of responses related to
improvement/continuing is indeed higher in the self-condition. Additionally, talk-aboutself is higher in the self-condition. These findings indicate that the different types of
feedback yield the intended effects.
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Figure 11Interpret visualized feedback

Figure 122 Why did this kind of feedback make you feel this way?

Figure 11 and 12 both show that there are clear differences between the conditions in
terms of what people answer (Performance & Improvement) to how they interpreted
the feedback.

In figure 11 it can be seen that 70% of the people in the task-condition mentioned that
they interpreted the feedback in terms of their performance. Whereas 15% of the
people in the self-condition responded in terms of performance. Moreover in figure 11,
75% of the people in the self-condition responded in terms of improvement whereas
only 20% of the people in the task-condition responded as such.

These results are in line with our expectations, because in the in the task-condition the
feedback is more interpreted related to performance/competition due to the assigned
percentage. The latter gives people the opportunity to perform well relatively to the
task at hand. In the self-condition the feedback is more interpreted as
improvement/continuing due to surpassing the self.

In the responses of the participants more is mentioned about the self in the self
condition than in the task condition (see talk-about-self in figure 11). Often the score is
referred to as ’my score’ in the self condition and as ‘the score’ in the task condition (see
quotes of P16 and P27). This can explain the difference in the last bar and tells us
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something about how people perceived the feedback, which somewhat also shows that
the manipulation had its intended effects. The latter was the research aim, to validate
the mastery paradigm.
Why did this kind of feedback make you
feel this way?
P16 (self-condition)

How did you interpret this visualized
feedback?

P27 (task-condition)

P15 (task-condition)

“Because I wanted to beat my score”

“I wanted to beat the score”

P5 (self-condition)

“Highly motivational, because of
course you want to improve your
personal score”
“You need to reach the line to
achieve 35% of the highest possible
score ”

Figure 13 Main goals

In figure 13 the responses related to the goals of the participants are especially in the
self condition related to motivation/satisfaction and improvement/continuing. The
latter makes it more likely that self-based goals are more related to
motivation/satisfaction than task-based foals, however an additional test is needed to
confirm whether this is the case.

Responses in terms of performance/competition are somewhat equally common in both
conditions. However, improvement is more common as a goal in the self condition
which is as expected when you compare yourself with your previous self. Unexpectedly
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activity/exercise is more common in the self. This is unexpected as this is more related
to doing a task. This could be attributed to the fact that some people might enjoy the
physical activity.

Figure 14 Feedback feelings

Next to color-coding the responses, a multiple choice question from the post-game
questionnaire was analyzed (see figure 14). The results of figure 14 shows again (just
like in figure 10) that the participants in both conditions responded similar in terms of
motivation to the question about how the feedback made them feel. Exactly an equal
number of participants mentioned this in the conditions. Distracted and bored were
almost not selected. However, engaged was selected, more in the self-condition than in
the task-condition.

An additional independent samples t-test was performed. The SIMS scale as
motivational experience measure did not provide any results, most probably due to the
small sample size. However the item on task enjoyment (e.g. I enjoyed the DDR game)
which could also be seen as a motivational measure, did confirm that the participants
who received different types of (mastery) feedback scored differently on enjoyment.
Participants in the self-condition (Mean=6.29, Std. Dev.=0.72) scored higher on
enjoyment than those in the task-condition (Mean=5.65, Std. Dev.=0.98), t=2.46, p=0.02,
Cohen’s d=0.73.
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Conclusion
All in all, the findings seem to point in the same direction, and follow the line of our
expectations. The largest effects that are found relate to the responses about
performance/competition and improvement/continuation which are responses to the
questions about feedback interpretations and feelings.

In general the people in both groups seem to show either an equal amount of responses
in relation to motivation/satisfaction (see figure 10) or a higher amount of responses in
the self-condition. For example, in figure 13 the responses in terms of
motivation/satisfaction that are related to the question of ‘what were your goals?’ show
a higher response rate for the self-condition.

The categories improvement/continuing and talk-about-self had a higher amount of
responses in the self-condition compared to the task-condition. Whereas more people
responded in terms of performance/competition in the task-condition compared to the
self-condition. These differences were clearly visible in all the graphs and show that
different types of feedback (self and task) yield different types of (motivational)
experiences, which was later also confirmed in an additional t-test. This indicates that
the mastery paradigm could be used to trigger/manipulate (motivational) experiences.
As such the study suggests that the application of the mastery paradigm in the
achievement feedback of a physically active game can be validated.
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Chapter 7: Discussion
Overall, the effects of different types of mastery goals have received little attention in
research about the achievement goal model. The current study was a first attempt to
explore whether different types of mastery goals (the self-based and task-based goals)
in feedback yield different affective outcomes. As such a physically active game was
developed to validate whether the mastery paradigm could be used for manipulating
motivational experiences.

The results show a clear pattern and point towards the same direction. Specifically,
responses related to concepts of performance/competition were more prominent in the
task-condition. Responses related to concepts of improvement/continuation were more
prominent in the self-condition. Moreover participants in the self-condition scored
higher on enjoyment than those in the task conditions and talked more about the self.

Although the sample size was rather small for running statistical analyses, numerous
insights were gained by means of the open questions and the results pointed in the
same direction. Since the study was a lab study, it lacked ecological validity. However,
the lab study provided the opportunity to control for confounding factors. The findings
of this study were preliminary results that can be extended upon in (longitudinal) field
studies that subsequently investigate the long-term effects as well. Moreover, a next
step would also be to explore whether there are differences in behavioral measures of
motivation and performance.

In short, the study was successful as the results are in line with the expectations. Selfbased and task-based goals in feedback yield different motivational experiences.
Therefore, software developers and designers within the domains of health, sports and
games should take into account that the type of mastery oriented feedback matters, as
performance related feedback is common for products in these domains.

All in all, the current study is a first attempt to apply different types of mastery goals in
feedback. More research should be conducted in this field. However, the results suggest
that that the application of the mastery paradigm in achievement feedback can be
validated. It is envisioned that other devices that make use of progress feedback in the
health/game domain could apply the mastery paradigm in order to have an impact on
health and wellbeing.
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Appendix A: Code
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Appendix B: Pre-game Questionnaire
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Appendix C: Post-game Questionnaires
Self-condition
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Task-condition
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Appendix D: Analysis
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