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ABSTRACT
Much topical gamification research has focused on the application
of personality trait models and the development of player typologies.
These models are often applied under the assumption that person-
ality or gamification user type reside as a stable construct within
the individual. However, the preference for gamification strategies
as well as their motivational impact, may vary in different contexts
and situations. Therefore, our study aimed to disambiguate the
different levels of motivation (global, contextual and situational)
underlying preferences for gamification strategies, in the specific
domain of pro-environmental behaviour. To this end, we developed
a gamified mobile app to promote pro-environmental behaviour.
Next, 56 participants interacted with the app during on average 22
days, while logs with various game elements were collected. Addi-
tionally, participants filled out the Hexad questionnaire to establish
gamification user type, a survey polling for intrinsic versus extrin-
sic motivation towards the environment, and two questionnaires
to assess pro-environmental behaviour before and after app usage.
Our findings suggest that particularly intrinsic motivation towards
the environment predicts preferences for gamification strategies
whereas gamification user types fall short. In sum, our study lends
support to measuring at different levels of motivation to understand
and tailor gamification strategies for pro-environmental behaviour.
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• Human-centered computing → Empirical studies in HCI;
User models.
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1 INTRODUCTION
Over the past years, gamification, i.e., the use of game elements in
non-gaming contexts [11], has boomed and become an established
track in HCI research [48]. Whereas the first wave of gamification
research primarily addressed whether it works [39], most recent
works attempts to disentangle why. One particular strand in the
maturing of gamification research has focused on the application
of personality trait models [20, 23, 28, 54] and the development of
player typologies [7, 37, 38, 40, 52, 54, 61] to better understand and
predict user preferences for specific gamification strategies. This
knowledge can inform gamification designers [41] or algorithms
[53] to tailor gamified services to idiosyncratic personalities or
player styles. The aspiration is that when gamification strategies
align with the individual user, this will improve their motivation
and promote the overall effectiveness of the gamified app or service.
Thus far, studies that have investigated the associations between
personality trait and/or player type models and game preferences
have not been overly successful, showing modest correlations be-
tween user type and game elements, as well as somewhat contradict-
ing results across different domains [20, 23, 54]. It has been argued
that simply establishing “a dominant user type is not sufficient to
differentiate users according to their preferences for game elements”
[20]. Recent editorials of gamification research collections have
articulated a need to strengthen gamification studies [39, 44], and
in particular to "validate theories of how design elements function
and interact with individual dispositions, situational circumstances,
and the characteristics of particular target activities" [39].
Indeed, current research based on models to tailor gamification
[31, 35, 38, 54] often assumes personality and player type to reside
as stable constructs within the individual, irrespective of different
contexts (e.g., health, education, marketing) and specific usage sit-
uations (e.g., fleeting daily interactions with a smartphone versus
dedicated weekly sessions behind a PC). Yet, recent studies suggest
that the motivational impact of game elements may vary with the
user activity or the domain of the gamified systems [20, 54, 59].
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A second strand in the need for the maturing of gamification re-
search is "connecting theoretical with applied work" [48]. Many of
the aforementioned studies on the tailoring of gamification rely on
hypothetical scenarios of using gamification strategies. For exam-
ple, participants, recruited via a crowdsourcing platform, are asked
to imagine a certain usage scenario, are presented illustrations of
gamification strategies and next are asked to self-report on their
preferences for these strategies [e.g., 20, 40, 41, 59]. While these
studies are highly valuable, they are somewhat artificial in setup
and exposure to the gamification strategy. Therefore, the findings
may be limited in the extent to which they can be transferred to real-
world situations. Moreover, the strategies people claim to prefer,
may not necessarily correspond with the elements they actually in-
teract with in a gamified application [13]. This may be particularly
true in contexts with strong sociocultural norms and influences.

In this paper, we set out to address the aforementioned challenges.
Firstly, we aimed to disambiguate different levels of motivational
factors underlying preferences for gamification strategies, within
the context of pro-environmental behaviour. In recent years, sustain-
ability has become particularly topical, and several studies suggests
that gamification can positively influence pro-environmental be-
haviour [4, 24, 36, 46], both short and long term. However, several
studies also highlight the importance of initial attitudes to motivate
pro-environmental behaviour [6, 42]. In this study, we devised to
investigate associations between pro-environmental behaviour and
motivational orientations at three different levels: at the global level
(i.e., as stable factor within a person), at the contextual level (i.e.,
the specific application domain) and at situated level (the usage of
a specific gamification features).
Secondly, we aspired to rely on "real-world usage data". To this
end, we first designed and developed a smartphone application
which encompasses different gamification strategy to motivate and
support pro-environmental behaviours. During 22 days, 56 users
interacted with the gamified app. During their use, logs of interac-
tions with the different gamification strategies were captured. In
addition, users were asked to fill out questionnaires to establish
their gamification user type, to assess their contextual motivation
for acting pro-environmentally, and to measure their actual pro-
environmental behaviour itself. Next,we investigated associations
between motivational orientations at the global, contextual, and
situated level, and how these predict pro-environmental behaviour.

Our findings support the argument that a stable concept of some-
one’s personality or user type may not be sufficient to predict gami-
fication preferences in the context of pro-environmental behaviour.
Instead, our study foregrounds the importance of understanding
motivation at the contextual level, and in particular intrinsic mo-
tivation, when aiming to understand and predict preferences for
gamification strategies. Relating this to the person-situation debate,
gamified interventions may be designed more effectively when tai-
lored not only to personality but equally to pre-existing contextual
motivations.

2 BACKGROUND
In this section, we start with giving a brief overview of models to
tailor gamification and relate this to the person versus situation
debate. Next, we explain the hierarchical model of motivation and
how it may apply to pro-environmental behaviour. We conclude
with a summary of research questions and hypotheses.

2.1 Tailoring gamification strategies based on a
personality or player type

With the maturing of gamification research, one-size-fits-all ap-
proaches are increasingly critiqued. Instead, models to tailor gami-
fication to individual differences have gained interest. To this end,
various player typologies have been put forward (e.g., Bartle Player
types [2], Gamer Motivation Profile [61] or BrainHex [3, 7]). How-
ever, to date, only few typologies have been empirically validated.
One validated and widely used model is Hexad [32, 52]. With con-
ceptual roots in Self-Determination Theory (SDT) [9], Hexad dis-
tinguishes six different user types based on their mapping onto
intrinsic and extrinsic motivators, and the basic universal needs
(relatedness, autonomy, mastery and purpose). Each of the six gam-
ification user types is also associated with a preferred style of
interaction with gameful applications. Socialisers, motivated by re-
latedness, want to interact with others and create social connections.
Free Spirits, motivated by autonomy and self-expression, want to
create and explore. Achievers, motivated by mastery, are looking to
gain knowledge, learn new skills and improve themselves. Philan-
thropists, motivated by purpose, are altruistic and want to enrich
the lives of other people. Players, motivated by extrinsic rewards,
will do what is needed to collect rewards from a system. Finally, the
last type, Disruptors, motivated by change, is not derived from SDT,
but from empirical observations of online systems [32]. Disruptors
want to disrupt the system to force positive or negative change.
To measure the extent to which an individual user loads on each of
the six user types, Tondello et al. developed and validated a stan-
dard 24-item scale for Hexad [52, 54].

Several scholars have investigated the associations between the
different user types and game elements [e.g., 20, 41, 54]. Tondello
et al. [54], when validating the Hexad scale with undergraduate
and graduate students, investigated and confirmed several associa-
tions as predicted by Marczewski [32]. Orji et al. [41] specifically
investigated associations between the user types and gamification
strategies in a health context, with participants that were recruited
via Amazon Mechanical Turk. Reported associatons differ from
those reported by Tondello. Finally, Hallifax et al. [20] used a crowd-
sourcing platform as well, and found significant correlations when
examining the relationship between Hexad user types and prefer-
ences for game elements. Yet, the correlations found were relatively
small, and did not fully align with those originally proposed by
Tondello et al. [54]. In sum, the studies yielded heterogeneous and
somewhat modest outcomes, suggesting differences across appli-
cation domains, participants and the way in which gamification
strategies were operationalised. Noteworthy, the study by Hallifax
[20] did find Hexad to outperform other models, in particular the
five-factor model of personality (FFM) [35] and BrainHex [3], when
investigating preferences for gamification strategies.
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These inconclusive results have led researchers to question whether
it is sufficient to simply establish a dominant user type [20] to differ-
entiate users, and tailor gamification strategies. In the specific case
of the Hexad scale, the original authors have addressed this issue,
stating usersmight behave differently depending on context [14, 33],
and urging future research to compare the scale between differ-
ent contexts [14]. Yet, current interpretations and studies based on
Hexad suggest gamification user type to be a stable factor, carrying
over in different contexts and situations. When focusing on gamifi-
cation user type only, and by ignoring the importance of specific
contexts and usage situations, "gamification researchers seems bliss-
fully unaware of 40 years of person-situation debate in psychology"
as noted by Nacke and Deterding [39].

2.2 Tailoring gamification strategies based on
contextual and situational motivation

Interestingly, SDT, to date the most prevalent theory in gamifica-
tion research [48], comes with a "hierarchical model of intrinsic and
extrinsic motivation" [57], that highlights the complex interactions
between person and situation. In particular, it posits that intrinsic,
extrinsic and a-motivations co-exist and interact at three levels of
generality: the global level (i.e., personality) , the contextual level
(i.e., a specific life domain), and the situational level (i.e., performing
a specific activity at a specific time) [57, p.44]. At the global level,
motivational orientation (intrinsic or extrinsic) is considered most
stable. It is a general orientation, built over years, and carries over
contexts and situations. Hence, it can be understood as part of one’s
personality, similar to Hexad. At the contextual level, motivational
orientations differ for "distinct spheres of human activity". Hence,
motivation at the contextual level is strongly tied to attitudes and
affect associated with the specific life domain (for example attitudes
towards pro-environmental behaviour). It is also considered moder-
ately stable for that specific life domain. Finally, at the situational
level, motivational orientation drives why individuals engage in a
specific action at a specific time (e.g., interacting with a gamified
app). It is considered most unstable, because of "its responsiveness
to the environment".
The hierarchical model, as an integrative framework, also postu-
lates that motivation at a given level results from a combination
of 1) top-down motivation at the proximal level and 2) factors in
the social environment. In other words, to understand why indi-
viduals choose to interact with gamification strategies (the situ-
ational level), gamification researchers cannot limit themselves
to the global (i.e., personal) level, but should particularly address
motivational orientation at the contextual level (e.g., motivations
towards the environment). SDT also helps to understand that an
understanding of motivations at the different levels is needed to
explain behavioural outcomes. [9].
Following up on the hierarchical model, several questionnaires have
also been developed to measure and model motivation at the differ-
ent levels of motivation, such as the Global Motivation Scale [17],
or at the contextual level (tailored to specific domains) the Sports
Motivation Scale [43] or the Motivation Towards the Environment
Scale [6].

2.3 Tailoring gamification strategies based on
internal regulation

What these questionnaires have in common is that they assess
motivational orientation along a continuum, as detailed in SDT’s
Organismic Integration Theory (OIT) [8, 10]. OIT highlights that
motivation, rather than being binary (motivated or a-motivated),
is a continuum. People can be categorised into six different stages
along this continuum according to the extent external regulators
of motivation are internalised (i.e., intrinsic motivation, integrated
regulation, identified regulation, introjected regulation, external
regulation, and a-motivation). On one end, intrinsically motivated
people have fully internalised the regulations and are motivated to
execute specific tasks simply because they find them inherently en-
joyable and interesting. On the other end, a-motivated people have
no motivation at all to perform a specific task. External regulation
is the least autonomous form of motivation, controlled by external
regulators only such as obtaining rewards or avoiding punishment
[9].
Van Velsen et al. assessed motivation of older adults, according to
the level of internalisation and the contextual level (motivations
towards self-management of health) [59]. Interestingly, they found
intrinsic motivation was associated with a higher appreciation of
all persuasive elements, also those hypothesised to tailor to ex-
ternally regulated motivation only. This suggest that tailoring to
internalisation stage and contextual level complements tailoring at
the person-level.

2.3.1 Contextual motivations towards the environment. One of the
application domains where motivational orientations, both intrinsic
and extrinsic, have been researched at length, is pro-environmental
behaviour [42], informed by the field of environmental psychol-
ogy [51]. Well-known strategies, associated with intrinsic motiva-
tion, focus particularly on educating people. Knowing more about
the environment (“system knowledge”) or the consequences of
one’s own behaviour (“impact knowledge”) promotes long-term
pro-environmental behaviour [6, 42]. Moreover, it is found critical
to empower people and provide them with a sense of ownership
[22], people should feel capable of making a difference and should
be able to set and achieve goals [49]. Strategies associated with
extrinsic motivation rely on providing incentives or reinforcements
[42], increasing the cost of engaging in harmful behaviour (e.g.,
a generating waste or the price of gasoline), while at the same
time rewarding and increasing the attraction of environmentally
responsible behaviour (e.g., cash for tin cans). These are known to
lead to short-term effects in pro-environmental behaviour, but are
inadequate to instill long-term change [42].

2.3.2 Motivating pro-environmental behaviour through gamifica-
tion. The aforementioned strategies lend themselves well to trans-
lating to a gamified service or app. Not surprisingly, a growing
number of gamification studies have targeted pro-environmental
behaviour [24] and/or are concerned with the effect of gamification
on sustainable behaviour [29]. Research in the context of energy
consumption [18, 24, 27, 36, 46, 50], sustainable nutrition [4], and
green transportation habits [12, 15, 16, 21] suggests that gamifi-
cation and persuasive technology can have a positive effect on
pro-environmental behaviour. Some of these works explicitly refer
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to the importance of participants’ pre-existing attitudes towards the
environment. Berger and Schrader [4] for example, have suggested
that gamified interventions should be tailored to "the prior motiva-
tion, intentions, and level of self-efficacy of individual users", as these
factors influence the effectiveness of gamification strategies. This
focus on pre-existing contextual motivations when designing inter-
ventions aimed at installing pro-environmental behaviour is also
emphasised by Steg and Vlek [51], who argue for factoring in moral
beliefs and values, as well as affect, for successful interventions in
pro-environmental behaviour.

2.4 Summarising research objectives and
hypotheses

In sum, to inform the tailoring of gamification strategies towards
pro-environmental behaviour, there is a need for a better under-
standing of the associations between motivational orientations at
the global, contextual, and situated level, and how these predict pro-
environmental behaviour. In this study, we investigate the following
research questions and hypotheses.

2.4.1 Predicting associations with gamified strategies. As a first
line of investigations, based on SDT’s hierarchical model [57], we
hypothesise that a higher motivation at the contextual level is as-
sociated with a higher preference for gamification strategies (i.e.,
the situational level). More particularly, based on [6, 42], we hy-
pothesise that higher intrinsic motivation towards the environment
(IMTE) is associated with a higher preference for intrinsically ori-
ented gamification strategies (goals, knowledge, progress). Based on
[42, 59], we also predict associations between extrinsic motivation
towards the environment (EMTE) and those gamification strategies
related to incentivization and reducing the cost for engaging in the
targeted behaviour [42, p.210].

H1a: IMTE is positively associated with intrinsically oriented
gamification strategies.
H1b: EMTE is positively associated with extrinsically oriented
gamification strategies.

Moreover, based on earlier work by Hallifax et al. [20] and Tondello
et al. [54], we hypothesise a number of associations between Hexad
user type (i.e., the global level) and gamification preference. All
hypothesised correlations are specified in Table 2.

H1c: Specific gamification user types are associated with spe-
cific gamification strategies.

Finally, in line with SDT, which postulates that motivation at a
given level results from a combination of 1) top-down motivation
at the proximal level and 2) factors in the social environment, we
predict associations between gamification preferences and the con-
textual level (IMTE/EMTE) to be stronger than associations between
gamification preferences and the global level (HEXAD).

H1d: Associations between gamification preferences and moti-
vation at the contextual level (IMTE/EMTE) are stronger than
associations between gamification preferences and motivation
at the global level (HEXAD).

2.4.2 Predicting pro-environmental behaviour.
As a second line of investigations, we also wish to understand the
relationships between the different levels of motivation and the

desired behavioural outcome: pro-environmental behaviour.
At the global level.While we do not have empirical studies to suggest
specific hypotheses, on theoretical grounds, i.e., given the roots
of Hexad in SDT and the existence of intrinsic versus extrinsic
gamification user types, we are interested in exploring associations
between gamification user types and pro-environmental behaviour,
before and after the gamified app is used.

RQ2:Which associations can be found between gamification
user types and pro-environmental behaviour before and after
the gamified app is used?

At the contextual level. Based on [4, 42, 51] we hypothesise that moti-
vation towards the environment, as a moderately stable construct, is
related to actual pro-environmental behaviour, before and after the
gamified app is used. More specifically, based on [42], it is hypothe-
sised that particularly IMTE positively predicts pro-environmental
behaviour, whereas EMTE does not.

H2a: IMTE predicts pro-environmental behaviour before and
after the gamified app is used.
H2b: EMTE does not predict pro-environmental behaviour be-
fore or after the gamified app is used.

At the situated level. Finally, we expect the preferences for gamifica-
tion strategies [57, p.44] that are associated with intrinsic motiva-
tion [42, 49], such as providing knowledge and supporting goals, to
predict pro-environmental behaviour, after the use of the gamified
app. This is not the case for those gamification strategies that map
onto extrinsic motivation, i.e., incentives and rewards.

H2c: Interaction with intrinsically oriented gamification strate-
gies predicts pro-environmental behaviour, after the gamified
app is used.
H2d: Interactionwith extrinsically oriented gamification strate-
gies does not predict pro-environmental behaviour, after the
gamified app is used.

3 METHODS
To address our research questions and test our hypotheses, we con-
ducted an in-the-wild study in which participants were asked to
install and use a gamified application promoting pro-environmental
behaviour for several weeks (22.06 days on average, SD 11.47, rang-
ing from 1 to 47 days). During this usage period, the interaction
of users with the application was logged and in addition to these
logs, participants completed several questionnaires. The entire pro-
cedure was approved by the university’s Ethics Committee (dossier
no. G- 2019 02 1522).

3.1 Gamified application
The application, developed for this study, can be seen in Figure 1.
The design contains four distinct gamification strategies and asso-
ciated game elements (as described in Table 1): goals via providing
actions and daily challenges; knowledge by sharing information,
through giving facts on the impact of actions, progress via the imple-
mentation of levels, and finally incentivisation by providing points,
and by allowing to buy and set new avatars. These strategies and el-
ements are divided over three pages: a homepage with an overview
of pro-environmental actions, a profile page with information about
the user and avatar, and a page which contains a daily challenge.
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Figure 1: Final application with game elements (left to right,
top to bottom): (1 & 2) levels/progression, (3) daily challenge,
(4) customisation, (5) points, and (6) skipping actions.

The homepage shows an overview of pro-environmental actions
(e.g., “drink tapwater instead of bottled water”, “bring a reusable bag
to the store”), divided into five categories of behaviour (reducing
waste, eating more sustainable food, lowering energy use, decreas-
ing consumption and using green mobility), based on [55, 56, 60].
Each category contains five levels and each level contains two ac-
tions. Users can progress within a certain category by completing,
hence ticking off actions which will make them gain points, or
skipping them, which will make them lose points. When ticking off
actions, the application will show a confirmation screen with a fact
that emphasises the impact and importance of the action. On the
profile page, users can view information about themselves, such as
their name and avatar, as well as how many points they currently
have, and in which level they find themselves for each category.
Through the profile page, users can also customise their avatar, but
this will cost them points. Each day, the user is given a new daily
challenge which they can complete to earn points. In total there are
five challenges, which correspond to the five different categories
of behaviour. These challenges are somewhat more difficult than
the actions on the homepage, containing prompts such as “avoid
single-use plastic for the entire day”. Similar to the actions on the
homepage, a fact is shown to the user to indicate the impact and
importance of the challenge.

Table 1 presents the mapping of logs, game elements and game
strategies. Table 2 presents the hypothesised associations between
gamification strategies present in the application, and their map-
ping onto intrinsic or extrinsic motivational orientation, as well as
Hexad user type. The rationales for these mappings are the follow-
ing. The completion of actions, challenges, and levels is considered
intrinsically oriented, since these user interactions reflect invest-
ment in the knowledge and the setting of pro-environmental goals
[42, 49]. Buying new avatars, the obtainment of points and skip-
ping actions are mapped on an extrinsically oriented gamification
strategy.
As regards the six Hexad player types, several correlations with the
gamification interactions are hypothesised based on correlation co-
efficients found in previous work by Hallifax et al. [20] and Tondello
et al. [54], who both investigated correlations between the Hexad
and gamification preferences at the global level. These previously
found correlations coefficients, along with our hypotheses, can also
be seen in Table 2.

3.2 Measures
3.2.1 Preferences for gamification strategies - Measurement at the
situational level. To assess preferences for the different gamification
strategies, participants’ interactionswith the game elements present
in the application were logged for the duration of the time they
used the application. More specifically, we logged how many times
a particular user completed a new sustainable action, skipped an
action, completed a daily challenge, levelled up, bought a new avatar,
and howmany points they gathered. For an overview of the specific
numbers, see Table 1.

3.2.2 Gamification user types - Measurement at the global level.
The standard 24-item scale for Hexad, developed and validated by
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Table 1: Interaction logs of the 56 participants and themapping on game elements, gamification strategies and intrinsic versus
extrinsic motivation on the basis of [6, 42, 49]

Mot. Gamification strategies Game elements Interaction logs Mean (SD) Total

IM Goals/knowledge Adding and completing ac-
tions/Facts on impact ac-
tions

Adding an action 21.18 (11.91) 1186

IM Goals/knowledge Daily challenges/Facts on
impact actions

Completing a daily challenge 2.43 (3.71) 136

IM Progress Levels Levelling up 10.93 (7.88) 612

EM Incentivisation Collecting points Total points 1381.70 (1038.74) 77 375
Incentivisation Buying a new avatar New avatar 0.75 (0.74) 42

EM Reducing barriers Skip action Skipping an action 4.20 (7.75) 235

Table 2: Hypothesised correlations between Hexad user type, and motivation towards the environment
(intrincic (IM) or extrinsic motivation (EM)) and gamification element preference, based on [42, 49, 59]
and correlation coefficients found in previous research [20, 54]

Add action Complete challenge Level up Points Buy avatar Skip action

IM + + +
[42, 49, 59] [42, 49, 59] [42, 49, 59]

EM + + +
[42, 49, 59] [42, 49, 59] [42, 49, 59]

Achiever + + -
.463**[54] .239**[54] -.16*[20]

Philanthropist +
.212**[54]

Free Spirit + + +
.412**[54] .204**[54] .198**[54]

Socializer - +
-.30***[20] -.16*[20]; .170*[54]

Player + + + +
.317**[54] .302**[54] .259**[54] .162**[54]

Disruptor + + +
.207**[54] .17*[20] .136**[54]

* 𝑝 < .05, ** 𝑝 < .01, *** 𝑝 < .001 All correlation coefficients in this table are cited from [20, 54]

Tondello et al. [54], was used to determine participants’ scores on
each of the six Hexad gamification user types.

3.2.3 Motivation towards the environment - Measurement at the
contextual level. To assess participants’ intrinsic/extrinsic motiva-
tion towards the environment, we developed a questionnaire based
on the revised Sports Motivation Scale (SMS-II) [43], adopting the
method by [59] to assess health motivation. Similar to their ap-
proach, we adapted and translated the SMS-II to measure motiva-
tion towards the environment. This questionnaire aims to assess
motivational orientation along a continuum of six stages, according
to the extent external regulators of motivation are internalised, as
detailed in SDT’s OIT [8, 10]. Each stage of motivation was assessed

using four statements, which had to be evaluated by participants on
a 7-point Likert scale (ranging from “strongly disagree” to “strongly
agree”).

In line with [59], to model the participants based on motivational
stage, we first performed an exploratory factor analysis (EFA) on
the adapted SMS-II questionnaire. Performing the EFA was done
using Principal Axis Factoring (PAF) with Oblimin rotation. With a
Kaiser-Meyer-Olkin (KMO) index of .81 and a significant Bartlett’s
test of sphericity 𝜒2 = 1018, 23;𝑝 < .001, sampling adequacy was
considered good. Initially, eigenvalues suggested the presence of 5
factors, but further inspection showed these factors unfit, and not
inline with OIT. Factor analysis for 4 and 3 factors also resulted in
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Table 3: Results of the Exploratory Factor Analysis, 2 factor loadings (N=56)

Item Factor Communality
1 2

Intrinsic motivation
It gives me pleasure when I can act sustainably. 0.56 - 0.67
I always find it interesting to learn how I can improve my way of living to be more sustainable. 0.72 - 0.43
I enjoy discovering new ways of acting sustainably. 0.64 - 0.75
I find it deeply satisfying to act sustainably. 0.73 - 0.36
Integrated regulation
Acting sustainably reflects the essence of who I am. 0.80 - 0.43
Through acting sustainably, I am living according to my own principles. 0.63 - 0.90
I find acting sustainably to be one of my core values. 0.82 - 0.77
Identified regulation
Acting sustainably has become important to me. 0.87 - 0.52
I have come to realize that acting sustainably is necessary. 0.60 - 0.52
I have come to recognize that acting sustainably is important. 0.68 - 0.64
Introjected regulation
I would feel bad about myself if I did not take the time to act sustainably. 0.65 - 0.37
External regulation
I mainly act sustainably, because people I care about would be upset if I did not. - 0.87 0.68
The main reason why I act sustainably is because people around me find it important that I do. - 0.94 0.58
I act sustainably because I fear others would disapprove of me if I did not. - 0.75 0.46
My circle of friends sort of enforces me to act sustainably. - 0.63 0.47
A-motivation
Acting sustainably is not that important to me. -0.8 - 0.58
I do not really care about acting sustainably. -0.76 - 0.54

PAF with Direct Oblimin rotation, fixed to 2 factors, KMO .81, Bartlett’s test of sphericity 𝜒2 = 1018, 23;𝑝 < .001

either uninterpretable results or unacceptably low communilities
and factor loadings. Finally, similar to [59], factor analysis with 2
factors resulted in satisfactory results, with a total explained vari-
ance of 56.40%. Items that did not have a factor loading higher than
0.5 for any factor and items with communalities below 0.3 were
pruned from the list.
Table 3 shows the factor loadings and communalities for the dif-
ferent items. The first factor, which we will refer to as intrinsic
motivation, is a compound of items that initially assessed intrinsic
motivation, integrated regulation, identified regulation and intro-
jected regulation. Extrinsic motivation, the second factor, maps very
clearly to the questionnaire, consisting of the 4 SMS-II items that
assessed external regulation. No separate factor could be found for
a-motivation, as these items loaded are highly on the first factor.
Cronbach alpha equals 0.91 for the intrinsic motivation factor and
0.85 for the extrinsic motivation factor. Each item shows a item-to-
total correlation of at least 0.6.
In general, participants scored high on intrinsic motivation, with a
mean of 5.40 (SD .80), and low on extrinsic motivation with a mean
of 2.76 (SD 1.17).

3.2.4 Pro-environmental behaviour. Finally, in order to assess pro-
environmental behaviour of participants before and after using
the application, we composed a questionnaire following the same
structure as the validated General Ecological behaviour (GEB) Scale
[25, 26] and the Pro-Environmental Behaviour Scale (PEBS) [34].
Similar to these two scales, our questionnaire presented participants

with a list of sustainable actions of which they had to indicate how
often they executed them on a 3-point scale (“never”, “sometimes”
or “always”). This list consisted of the same 50 sustainable actions
that were recommended to the user in the mobile application.

3.3 Data analysis
To investigate the research questions and hypotheses, the relation-
ship between motivational stage and Hexad profiles on one hand,
and pro-environmental behaviour and interaction logs on the other
hand, were investigated relying onGeneral LinearModel (i.e., bivari-
ate Pearson correlations and simple linear regression). All analyses
were carried out with IBM SPSS v26. First, the distribution of this
data was examined for normality and outliers. Upon inspection,
several of our usage logs of gamification strategies did not follow
a normal distribution. Therefore, the decision was made to use a
bootstrapping method to assess confidence intervals and estimate
significance. Bootstrappingwas done on 1000 samples andwith Bias
Corrected accelerated (BCa). Although we are performing multiple
tests, we decided not to correct for a family wise error rate (FWER).
While such a correction lowers the chance of a Type I error, given
that the aforementioned studies [20, 54] report weak correlations,
and given our comparatively smaller sample size, this would also
increase the chance of a Type II error. Instead, we decided to report
effect size (𝑅2) and confidence intervals, additional to reporting
Pearson correlation coefficients, to improve the interpretability of
findings, as suggested by Bishara et al. [5].
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Table 4: Results of bivariate correlation analysis between intrinsic motivation (IM), extrinsic motivation (EM),
and Hexad user types and gamification interaction logs. Values in gray are not significant (p>.05).

Add action Complete challenge Level up Points Buy avatar Skip action

IM .472**(H1a✓) .224* (H1a✓) .290* (H1a✓) .543** -.047 .003
90%𝐶𝐼 [.227,.599] 90%𝐶𝐼 [.033,.356] 90%𝐶𝐼 [.054,.519] 90%𝐶𝐼 [.406,.671]

EM -.004 -.016 .064 -.069 (H2b) .112 (H2b) .153 (H2b)

Achiever -.086 .168 (H1c) -.053 (H1c) -.004 (H1c) .003 -.036
Philanthropist .002 -.070 (H1c) -.081 .105 -.032 -.140
Free Spirit -.039 -.008 (H1c) -.035 (H1c) -.063 -.144 (H1c) -.018
Socializer -.129 (H1c) -.040 -.163 (H1c) .016 -.051 -.223
Player -.194 -.048 (H1c) -.172 -.182 (H1c) .024 (H1c) -.044
Disruptor .285* -.048 (H1c) .310* (H1c✓) .082 .133 (H1c) .268*

90%𝐶𝐼 [.090,.466] 90%𝐶𝐼 [.110,.493] 90%𝐶𝐼 [.031,.472]

* 𝑝 < .05 (1-tailed), ** 𝑝 < .01 (1-tailed)

3.4 Participants
Participants were recruited through the personal network of the
authors of this work. The first questionnaire, that assessed pro- envi-
ronmental behaviour before usage, was filled out by 85 participants.
The post-usage questionnaire, which assessed pro-environmental
behaviour for a second time, was filled out by 72 participants. The
motivation scale was completed by 60 participants. When assessing
the survey data, there were 57 participants who completed all parts
of the survey. Due to a technical error, we needed to exclude one
additional participant. This resulted in a final set of 56 participants
(32 female, 24 male) with an average age of 26.61 (SD 10.34), ranging
from 17 to 58. These 56 participants interacted with the application
for 22.06 days on average (SD 11.47, range 1-47).

4 RESULTS
4.1 Predicting associations for gamification

strategies
4.1.1 H1a &H1b: Associations between motivation towards the en-
vironment and gamification strategies. To investigate assocations,
we performed bivariate correlations between IMTE/ EMTE and the
interaction logs.
Hypothesis 1a states IMTE to be associated with intrinsically ori-
ented gamification strategies, as specified in Table 2. The results
of the correlation analysis lend partial support to this hypothe-
sis. IMTE is positively associated with "Add action", "Complete
challenge" and "Level up". However, IMTE is, surprisingly, also asso-
ciated with "Points", which we mapped onto the externally oriented
gamification strategy of incentivasation.
Hypothesis 1b states that EMTE is associated with extrinsically ori-
ented gamification strategies. The results of the correlation analysis
do not support this hypothesis. EMTE is not associated with any
of the extrinsically mapped interaction logs ("Points", "Buy new
avatar" or "Skip action"). The results are displayed in Table 4.

4.1.2 H1c: Associations between Hexad and preferences for gami-
fication strategies. Hypothesis 1c states that Hexad is associated
with specific gamification strategies, as specified in Table 2 based
on [20, 54]. Of the 15 hypothesised relationships, only one could

be found: between the Hexad user type Disruptor and the "Level
up" interaction log. Additionally, two correlations were found that
were not hypothesised, also with the Disruptor gamification type:
"Add action" and "Skip action". The results are displayed in Table 4.

4.1.3 H1d: Hexad versus Contextual motivation. Finally, hypothesis
1d states that associations between gamification preferences and
motivation at the contextual level (IMTE/EMTE) are stronger than
associations between gamification preferences and the global level
(Hexad). For motivation towards the environment, we hypothesised
6 significant correlations and found 4, with an average of .382.
For Hexad, we hypothesised 15 significant correlations and found
3, with an average correlation of .287. Hence, both in the ratio
of hypothesised versus found number of correlations, and in the
average strength of the correlations, our results lend support to
this hypothesis.

4.2 Predicting pro-environmental behaviour
4.2.1 RQ2 (global level): Associations between gamification user
types and pro-environmental behaviour. Additionally, we aimed to
explore associations between gamification user types (assessed
at the global level) and pro-environmental behaviour, before and
after use of the gamified app. While we did not hypothesise any
significant associations, Table 6 shows that two user types do. The
Philantropist user type is significantly positively correlated with
pro-environmental behaviour, both before usage and after usage.
The Player type is significantly negatively correlated with pro-
environmental behaviour, again both before usage and after usage.
While correlations are modest, they remain consistent before and
after usage of the gamified application.

4.2.2 H2a & H2b (contextual level): Motivation towards the envi-
ronment predicts pro-environmental behaviour. Next, we aimed to
verify associations between motivation towards the environment
and pro-environmental behaviour, before and after use of the gami-
fied app. In particular, hypothesis 2a states that IMTE predicts pro-
environmental behaviour, whereas hypothesis 2b states that EMTE
does not. The results of the simple linear regression, displayed in
Table 6, suggest support for both hypotheses. Intrinsic motivation
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Table 5: Results of bivariate correlation analysis betweenHexad user types and pro-environmental behaviour, before and after
using the application. Values in gray are not significant (p>.05).

Pro-environmental behaviour before usage Pro-environmental behaviour after usage

95% Confidence interval 95% Confidence interval
𝑟 𝑝 Lower Upper 𝑟 𝑝 Lower Upper

Achiever .036 .792 -.257 .290 .035 .796 -.217 .263
Philanthropist .359 .007 .100 .573 .307 .021 .031 .516
Free Spirit .041 .764 -.307 .387 .065 .634 -.270 .385
Socializer -.021 .878 -.219 .186 .036 .791 -.154 .210
Player -.367 .005 -.560 -.132 -.375 .004 -.582 -.151
Disruptor .005 .971 -.302 .328 -.005 .972 -.249 .268

Table 6: Results of simple linear regression with intrinsic motivation (IM) and extrinsic motivation (EM) as predictors for
pro-environmental behaviour, before and after using the application. Values in gray are not significant (p>.05).

Pro-environmental behaviour before usage Pro-environmental behaviour after usage

BCa 90% CI BCa 90% CI
𝑟 𝑅2 F 𝑝 B SE Lower Upper 𝑟 𝑅2 F 𝑝 B SE Lower Upper

IM .580 .337 27.422 <.001 7.361 1.219 5.073 9.819 .661 .436 41.821 <.001 7.817 1.375 5.418 10.530
EM -.115 .013 .730 .397 -1.000 1.284 -3.092 .761 -.087 .008 .410 .525 -.710 1.236 -2.577 1.243

Table 7: Results of simple linear regression with user interaction with game elements as predictors for pro-environmental
behaviour, after using the application. Values in gray are not significant (p>.05).

Pro-environmental behaviour after usage

BCa 90% CI
Predictor 𝑟 𝑅2 F 𝑝 B SE Lower Upper

Add action .541 .292 22.302 <.001 .429 .092 .261 .576
Complete challenge -.020 <.001 .022 .882 -.052 .354 -.705 .547
Level up .358 .129 7.962 .007 .430 .189 .162 .776
Points .641 .410 37.577 <.001 .006 .001 .004 .007
Buy new avatar -.129 .017 .918 .342 -1.639 1.459 -4.068 .260
Skip action -.024 .001 .032 .858 -.030 .192 -.292 .352

predicts pro-environmental behaviour, both before and after app
usage. Extrinsic motivation does not predict pro-environmental
behaviour, neither before nor after app usage.

4.2.3 H2c & H2d (situational level): Preferences for gamification
strategies predict pro-environmental behaviour. Hypothesis 2c states
user interaction with intrinsically oriented gamification strategies
predicts pro-environmental behaviour, after the gamified app is
used, while hypothesis 2d states user interaction with extrinsically
oriented gamification strategies does not. To test these hypotheses,
again simple linear regression analyses were performed, see Table
7. "Add action", "Level up" and "Points" predict pro-environmental
behaviour. Contrary to our expectations, "Completing challenge"
does not predict pro-environmental behaviours. Hence, hypothesis
1c can not be confirmed.
As predicted by H1d, the extrinsically oriented gamification strate-
gies ("Buy new avatar", "Skip action") do not predict pro-environmental

behaviour. Contrary to our expectations, "Points", considered an
extrinsically oriented element, is the strongest predictor of pro-
environmental behaviour of all. Hence, hypothesis 1d can also not
be confirmed.

5 DISCUSSION
This paper set out to investigate the influence of different levels
of motivations on pro-environmental behaviour, by capturing real-
world usage data during long-term user interaction with a gamified
app. More specifically, we examined associations between moti-
vation at the global level (Hexad user type), the contextual level
(motivation towards the environment) and the situated level (user
interactions with specific game elements present in our app).
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5.1 Does motivation at the contextual level
matter?

The study showed that users with a higher level of intrinsic motiva-
tion towards the environment (IMTE) interacted more frequently
with intrinsically oriented game elements in the app, but not with
the extrinsically oriented game elements, with the exception of
"Points". Mapped as extrinsically oriented, this game element showed
the strongest correlation of all game elements (this particular find-
ing will be scrutinised further below). Contrary to our expectations,
no significant association was found between extrinsic motivation
towards the environment (EMTE) and any of the three gamification
strategies that theoretically mapped on to extrinsic motivation. In
all, from our findings we can conclude that intrinsic but not ex-
trinsic motivation at the contextual level matters, when aiming to
predict preferences for gamification strategies. Similar results have
been found in the field of education, with a recent study by Lavoué
et al. [30] showing that tailored gamification only affects learners
who are initially more motivated.

The findings of this study also confirm that IMTE positively in-
fluences pro-environmental behaviour, both before and after app
usage. In contrast, EMTE does not. In fact, we found that intrinsic
motivation at this level explained approximately 40% of the variance
in pro-environmental behaviour. For one variable only, and in a
context with many confounding variables, this is high number. Yet,
it is in line with other prior studies that highlight the importance of
prior attitudes for engaging in pro-environmental behaviour [4, 51].
Hence, our study suggest that particularly intrinsic motivation at
the contextual level matters when aiming to understand and predict
preferences for gamification strategies and behavioural outcomes.

5.2 Does motivation at the global level matter?
Only one out of 15 hypothesised correlations was found between
the Hexad gamification user types and user interactions with game
elements. Additionally, we stumbled on two correlations that did
not align with those found in previous work. Hence, this suggest
that the use of gamification user types, when considered stable
across multiple domains, may not help predict preferences for gam-
ification strategies in the context of pro-environmental behaviour.
This finding is in line with Hallifax [20], who concluded that "the
dominant user type is not sufficient to differentiate users according
to their preferences for game elements". It is important to note that
both Tondello and Marczweski, the original authors of Hexad, have
stated that user types may differ based on context [14, 33]. Yet,
current studies often consider gamification user type to be a stable
construct across different domains. Future research should assess
whether a more contextual interpretation of the Hexad user types
could lead to better predictions regarding gamification preferences.
Nevertheless, while no associations were hypothesised, we did
find significant correlations between two Hexad user types and
pro-environmental behaviour, consistent before and after usage
of the app. We found the Philanthropist user type to be positively
correlated with pro-environmental behaviour, and the Player user
type negatively correlated. Upon further inspection, this may be ex-
plained by the fact that the Philanthropist, more than any other user
type, is motivated by engaging in actions that have meaning and

purpose. As aforementioned, the importance of morals and value
for engaging in pro-environmental beliefs is well documented in
environmental psychology [51]. Hence, in the life domain of pro-
environmental behaviour, meaning and purpose at at global level
may carry over with respect to the behaviour itself. The Player
user type on the other hand is somewhat of a mirror of the Phi-
lanthropist type, as it is a type that only engages in action when
external motivators are present, hence the negative association.
In this way, despite its exploratory nature, this part of our study
offers some insight on the association between Hexad user type
and pro-environmental behaviour.

5.3 Person versus situation
Overall, our study lends support to the hierarchical model of SDT
and in particular the postulate that specifically motivation at the
proximal level matters, i.e., motivation at the situational level is
mainly influenced by motivational orientation at the contextual
level. These finding bring us back to the person versus situation de-
bate. Our findings support the argument that someone’s personality
or user type, as for example defined by the Hexad, when interpreted
as a stable concept that transcends several domains, may not be suf-
ficient to predict gamification preferences. However, paradoxically,
when looking not at game interactions but at behavioural outcomes,
Hexad’s user types of Philanthropist and Player did show up as sig-
nificant. In conclusion, this lends support to measuring at different
levels of motivation: the global, contextual, and situational.
A recent study in the education field by Hallifax et al. [19] supports
this conclusion, showing that tailoring gamification to both initial
academic motivation (contextual level) and Hexad user type (global
level) can significantly increase intrinsic motivation and decrease
a-motivation, compared to tailoring based on one level alone. Simi-
larly, a study by Altmeyer et al. [1] in the physical activity domain
found that perceived persuasiveness of gameful design elements
is influenced by users’ motivation towards physical activity, char-
acterised as stage of behavioural change intention. Altmeyer et al.
suggest that both Hexad user type and motivation towards physi-
cal activity should be considered when personalising gamification
elements for persuasive fitness systems.

5.4 Can gamification make a difference in the
context of pro-environmental behaviour?

However, our findings also suggest that regardless of whether gam-
ification strategies are intrinsically or extrinsically oriented, users
with a high level of intrinsic motivation are more likely to appre-
ciate them. Indeed, when calculating correlations with the total
number of user interactions, the results show a trend of users
with high IMTE using the system more overall (𝑟 = .258, 𝑝 =

.055, 95%𝐶𝐼 [−.060, .525]), in contradiction to users with high EMTE
(𝑟 = .108, 𝑝 = .426, 95%𝐶𝐼 [−.154, .371]), although these results do
not reach statistical significance.
This is in line with Van Velsen’s findings [59], yet challenges gam-
ification efforts to motivate pro-environmental behaviour. It sug-
gests that gamified apps work for those who are already motivated
towards pro-environmental behaviour, yet fails to engage and in-
centivise those users who are mainly extrinsically motivated. The
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challenges of motivating "the unmotivated" towards acting pro-
environmentally has already been highlighted by environmental
researchers [47]. Moreover, this finding may not be limited to pro-
environmental behaviour, and reminds of the well known Matthew
effect [45]. The question then remains how we can design gamifi-
cation interventions as instruments to motivate people who do not
yet show this level of intrinsic motivation, as this is where most
gains are to be reaped. Future studies to investigate this challenge
are therefore recommended.

6 LIMITATIONS AND FUTUREWORK
6.1 The functional significance of points
In our study, we categorised points as a game strategy that caters
to extrinsic motivation. However, we found this game element had
the strongest associations with intrinsic motivation of all game ele-
ments, as well as with pro-environmental behaviour post app usage.
In hindsight, it seems that our categorisation was faulty, and that
points were interpreted by users as contingent on their actions, and
perhaps as a token of their achievements. Indeed, in the app, total
points earned was closely tied to the actions and challenges com-
pleted. This finding underscores the importance of better grasping
the functional significance (i.e., psychological meaning) of a given
game element. This is also highlighted by Van Roy in [58], and put
forward in yet another mini-theory that comes with SDT, Cognitive
Evaluation Theory [8, p.10]. This theory explains that the ultimate
meaning of a game element as controlling (i.e., extrinsic) versus
supporting autonomy (i.e., intrinsic) depends on the meaning that
the individual user attributes to it.
More generally, the attribution of one specific game element to one
motivational strategy for all users may be overly simplistic. Again
this finding cautions a one-size-fits-all approach. Moreover, in our
study we also equated actual interactions with game elements to
preferences. In this manner we hoped to avoid bias and social de-
sirability that is common with self-reporting. At the same time,
our approach has its limitations as well. In particular, it is hard
to tease out the functional significance through such interactions.
Additionally, preferences for game elements cannot simply be re-
duced to number of interactions. This suggests a need for mixed
methods, where the quantitative approach, based on user metrics,
is complemented with qualitative data, for example interviews, to
give meaning to behaviours.

6.2 Modelling users based on internalisation
In our study, we set out to measure users’ motivation according
to the extent to which they had internalised external regulators of
motivation, as put forward by OIT [10]. However, in our study, no
six factors could reliably be found that correspond to the six stages
of internalisation. Instead, our data showed two factors only: one for
what we refer to as intrinsic motivation, which combines intrinsic
motivation, integrated, identified and introjected regulation, and
one for what we have called extrinsic motivation in this paper.
Moreover, no separate factor was found for a-motivation, since
two items assessing a-motivation loaded highly (negatively) on the
intrinsic motivation factor. This is in line with results found by Van
Velsen et al. [59]. Yet, in order to develop a better understanding
of contextual motivation according to internalisation stage, there

may also be an opportunity for the use of improved measuring
instruments. Such a measurement may exist, i.e., the Motivation
Towards the Environment Scale (MTES) [6] is designed to measure
motivation towards the environment, but was unknown to us at the
time of the study. It is our suggestion that further studies concerning
motivation in the context of pro-environmental behaviour use this
scale.

6.3 Sample size and statistical significance
Finally, our in-the-wild study was conducted with a relatively small
sample size (N = 56). Therefore, we cannot rule out that the lack of
significant correlations may also be attributed to a lack of statisti-
cal power. Future research is needed to strengthen our results by
conducting the study with a larger number of participants.

7 CONCLUSION
This paper investigated the influence of different levels of moti-
vations on pro-environmental behaviour, by capturing real-world
usage data during long-term user interaction with a gamified app.
This has provided insights on themotivational associations between
Hexad user type (global level), motivation towards the environment
(contextual level), and user interaction with gamification strategies
in the specific context of pro-environmental behaviour (situational
level). Our results show that the Hexad model fell short of predict-
ing preferences for gamification strategies. In line with previous
findings, dominant Hexad user types only showed limited and mod-
est correlations with gamification user interaction logs. In contrast,
intrinsic motivation to act pro-environmentally did predict prefer-
ences. Surprisingly, users with a higher level of extrinsic motivation
did not show a higher appreciation for extrinsically oriented ele-
ments. These results highlight the importance of understanding
users’ appreciation of gamification strategies within the specific
context to which they are applied. Future gamification research
on pro-environmental behaviour should therefore measure motiva-
tions at different levels, and focus on how to engage particularly
these users who are extrinsically motivated more effectively.
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