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Abstract

Motivation theory is indispensable when discussing processes of learning. Learn-
ers who are motivated can learn almost everything. Students’ motivation is probably
one of the most important factors for teacher effectiveness both for engagement in
the learning process and high academic performance. To have effective environmen-
tal education, it is not only necessary to inform the public about the ocean but also
to involve and engage them is essential. Motivation and engagement are some of the
most commonly mentioned concepts in gamification, thus, a gamified application
seems to have the necessary features to improve the motivation of students in the
learning context of Ocean Literacy topics. The main aims of this work were: i) to
understand through a systematic evaluation, how game elements affect the differ-
ent motivation layers; and ii) to compare them in terms of enhancing the motivation
to recycle among secondary school students (11-14 years). To measure students’
motivation, a pre-test and a post-test using a recycling situational motivation survey
were administered in a classroom environment in Portugal and the UK. Findings
show a trend regarding the effect of game elements mainly on the most autonomous
forms of motivation. The different game elements, each one with different degrees
of effects, were shown to have potential to increase motivation.

Keywords Educational tools - Motivation - Engagement - Gamification - Mobile
applications - Ocean literacy

1 Introduction

Commonly, gamification is employed as an approach which involves selecting ele-
ments of games to create a game-like environment in order to improve the user
experience and increase the user’s motivation and engagement (Dichev & Dicheva,
2017; Hense & Mandl, 2014; Przybylski et al., 2010; Sailer et al., 2017; Werbach,
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2014). Motivation means to be moved to do something, to perform an action, and in
the educational field it is considered one of the most essential factors for teaching
and learning effectiveness (Cakiroglu et al., 2017; Dichev & Dicheva, 2017; Lawlor
et al., 2016; Williams & Williams, 2011).

Gamified applications are commonly related to a cognitive process of intrinsic
motivation where users perform an activity without any kind of conditioning, just for
fun, as a culmination of an autotelic activity — one that is internally driven (Leitao
et al., 2019c; Liu et al., 2017; Przybylski et al., 2010; Rigby, 2015; Ryan et al.,
2006). Besides, previous research indicates that the design process should rely less
on extrinsic motivator stimuli, as their effects not only diminish over time (Thiebes
et al., 2014) but may also undermine intrinsic motivation (Hamari et al., 2014).

Associated to gamification, the literature shows several studies on motivation
among which the self-determination theory (SDT) is the most popular approach
(Deterding, 2015; Loughrey & O Broin, 2018; Seaborn & Fels, 2015). SDT is a
broad framework for the study of human motivation that defines intrinsic and var-
ied extrinsic layers of motivation (external regulation, introjected regulation, identi-
fied regulation and integrated regulation) (Deci & Ryan, 1985). Despite the grow-
ing popularity in the education field, “the theoretical underpinnings of gamification
remain poorly understood, which has led to numerous failures and criticisms of the
process” (Loughrey & O Broin, 2018). According to several authors (Dicheva et al.,
2019; Loughrey & O Broin, 2018; Rapp et al., 2019; Thiebes et al., 2014), evidence
on the motivation effects of gamification remains scarce, and there is limited empiri-
cal evidence on motivational influences driving students to participate in gamified
activities.

2 Environmental education

The protection of the Ocean has become one of the most urgent points in the world
environmental agenda (Panto, 2019). Despite the unquestionable importance of the
ocean to the environment and Earth’s sustainability, research has shown low levels
of understanding of ocean-related topics among the citizens from several different
countries (Ankamah-Yeboah et al., 2020; Costa & Caldeira, 2018; Guest et al., 2015;
Papathanassiou et al., 2017; Tran, 2009; Winks et al., 2020). Most of the people are
not aware of the impact of the ocean on their lives (Frick et al., 2004; Panto, 2019)
and there is little understanding of marine environmental issues and protection
(Fauville et al., 2019). The lack of these scientific concepts, prevents people from
making conscious personal and societal decisions about ocean issues (Goodale,
2020; Marrero & Mensah, 2010).

The Ocean Literacy concept was developed to increase the understanding of peo-
ple’s influence on the ocean and vice versa (Cava et al., 2005). Thus, the literature
involving the evaluation of ocean literacy has focused not only on content knowl-
edge but also on environmental attitudes and dispositions (Goodale, 2020). A com-
mon denominator of all the issues that has a detrimental effect on the ocean and
on climate change is the waste we produce. Falasca-Zamponi starts from the pro-
vocative observation that the debate around climate change stands as a defence of
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consumption, and the waste is its consequence (Falasca-Zamponi, 2010). Accord-
ingly to the European Environment Agency, evidence shows that human-induced
change in marine ecosystems has greatly increased in the past 60 years, and some of
the main threats are water pollution and eutrophication (EEA, 2019).

Mercer et al. (2017) stress that in order to “deliver effective education for sus-
tainable development, suitable pedagogies are needed and this is seen as requiring
a shift away from more traditional learning and teaching approaches”. For this to
be possible, interactive and discursive teaching methods are needed. Daigle (2003)
has argued for the need for greater public involvement saying that “the only hope for
further progress on environmental protection and sustainable development lies with
a public that is not only informed but also engaged” (Daigle, 2003, p. 230).

3 Research tool - matching motivation to game elements

Academic research on gamification, in the motivation evaluation, has commonly
studied multiple game elements in combination, and not individually. This makes
it impossible to establish whether individual elements have different effects or not
(Denny et al., 2018; Hamari et al., 2014; Landers et al., 2017; Mekler et al., 2013);
and when they are used alone, studies merely add different elements to existing sys-
tems or products as a one-size-fits-all solution (Chou, 2016; Kornevs et al., 2019;
Liu et al., 2017).

For the same game element, it is possible to reach quite different conclusions.
For example, Nevin et al. (2014) concluded that leaderboards were the most impor-
tant motivator for participants, while Ibafez and Delgado-kloos (2014) stated that
leaderboards were not reported as appealing. Cakiroglu et al. (2017) reported that in
practical activities, competition came to the forefront as a negative element, whereas
Nevin et al. (2014), in a different perspective, stated that the ability to compete both
individually and in teams appealed to a great number of users. The reasons for these
differences need to be better understood and therefore, studies on motivation regard-
ing the use of single game elements should be further conducted. The perspective of
merely adding different game elements to an application without understanding the
meaning behind them has been raising some criticism (Chou, 2016; Esteves, 2017,
Kornevs et al., 2019; Liu et al., 2017; Park et al., 2019; Werbach & Hunter, 2012).
Likewise, Chee and Wong (2017) noted that most gamified systems neglect the
essence of games and what makes them powerful, such as the behavioural and psy-
chological processes that underlie them. “The mere inclusion of meaningless points,
badges, and bright colours, which serve as the catalysts to engagement without
full comprehension of their purpose or reason of attainment, fails to make a gam-
ing experience fun and engaging” (Chee & Wong, 2017). Furthermore, people do
not play a game because of the game elements, but because they “contain elements
of story, challenge and continual feedback as well as a high level of interactivity”
(Kapp, 2012).

The flow theory by Mihaly Csikszentmihalyi (1999) is widely accepted to be one
of the fundamental models to improve the game experience (Xu, 2011). The author
describes the concept as a process of optimal experience “that is so engrossing and
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enjoyable that it becomes autotelic” (Csikszentmihalyi, 1999). On a broader view-
point, flow theory seems very similar to the intrinsic motivation layer of the self-
determination theory by Deci et al. (1999). Csikszentmihalyi (2000) defined fun as
a positive emotional state of playful enjoyment and a component to a person engag-
ing the flow state. Furthermore, an intrinsically motivated person, values the experi-
ence by itself, rather than the experience as an instrument to achieve something else
(Deci et al., 1999). Since motivation is considered one of the most important factors
for teaching and learning effectiveness (Cakiroglu et al., 2017; Dichev & Dicheva,
2017; Lawlor et al., 2016; Williams & Williams, 2011), applying the flow theory in
application experience development can help to foster a more engaging and, conse-
quently, a more effective gamified learning experience.

The Ocean Literacy application employed in this investigation consisted of a
game mechanic where the user had to throw a sequence of items into the right bin.
This game mechanic was previously tested with students, where they participated
and contributed in different roles to the design process in order to understand their
real needs (Leitdo et al., 2019b). Whenever the user fails in throwing an item into a
bin, or an item is introduced in a wrong bin, they lose one life. The life loss in this
application is represented by a dirtier water level. Therefore, each time the player
fails to recycle, the water becomes darker, the fish start to die on the water’s surface,
and the game ends (see Fig. 1).

Based on the Flow theory, for the optimal experience to happen a balance between
challenges and skills is necessary (Csikszentmihalyi, 2014). This balance was
sought, e.g. through the relationship between the different types of waste appearing
in the game, the time to throw them into the correct bin, and the necessary speed to
act. All these elements were grouped into three types of waves or game stages (see
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Fig. 1 Visual feedback mock up. Water levels associated with losing game lives scheme
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Fig. 2). Clear goals were added in the form of tutorials before each level started,
through a clear graphical user interface meant to show users how to accomplish the
tasks. The user received immediate feedback of all the actions performed in a visual
form through buttons, menus and other navigation items, and also through sounds.
The immediate feedback to the user’s actions also relates their actions with effects
on water. As users increase their skill level, they become bored unless the applica-
tion increases the challenge to match the increased abilities. Therefore, another bal-
ance between challenge and user skills was sought regarding the opportunities for
recycling while they progressed through the different levels.

The gamification concept in this study is connected to making learning experi-
ences more engaging by using game design elements and game design techniques.
The present study intended to understand how interacting with a mobile gamified
application about ocean literacy topics in learning activities can raise awareness
of the impact that our daily choices have on the marine ecosystem. Since previ-
ous gamified studies have yielded contradictory findings and one sharp criticism
is that multiple game elements were often studied in combination, (Denny et al.,
2018; Hamari et al., 2014; Landers et al., 2017; Mekler et al., 2013), the research
prototype Ocean Literacy was developed to help answer this concern. The selec-
tion of these game elements lied on the literature, which reported that the PBL triad
(points, badges and leaderboards) is one of the most commonly used gamification
elements (Dicheva et al., 2018; Kirillov et al., 2018; Werbach & Hunter, 2012;
Zichermann & Cunningham, 2011). One of the reasons for the widespread use of
these elements is the idea of easy implementation compared to other ones (Chou,
2016; Dicheva et al., 2018). Thus, to better understand their effects, four different

CHALLENGE
LEVEL

LEVEL 0f ]
PLAYER SKILL LEVEL #1

TINELINE (s5085) g9, 0, A X " W ey

START MOMENT{ NENT2 PN

WAVE 1 -RANDONLY  FALL ORGANIC ITENS, NILK BATLES AD BES
WAVE2-INTRADUCE NEW 1TEMS -BESIDES NEW ITEMS THE SPEED INCREASES
WAVES-THE SANE fROM ABOVE - NTRODUCE NEW ITEMS:

Fig.2 Timeline, speed, novelty and waves. Skills level flow mock up related with the drop of waste
throughout the levels
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versions of Ocean Literacy were developed and implemented as an application on
iOS and Android-based mobile devices, and their effectiveness regarding students’
motivation was compared. The four versions were exactly the same except for the
game element employed. The final application is available at Google Play and Apple
Store (Leitdo et al., 2019a). This study started from the research question: can differ-
ent game elements affect students’ motivation to recycle and, if so, how? Moreover,
it explores the use of the game elements points, badges, leaderboard individually,
and the PBL triad, to understand which of these affects the situational motivation
to act and recycle. The study specific objectives were: (a) understand which of the
game elements affects the different motivation layers; (b) compare the game ele-
ments for enhancing the motivation to recycle; (c) evaluate which game elements are
better at motivating and engaging learners.

4 Method

Self-determination theory (SDT) is an essential theoretical perspective to under-
stand individuals’ motivation, and it was adopted in this study since it is widely
accepted in different fields (Liu et al., 2017; Standage et al., 2003). Based on this
theory, the Situational Motivation Scale (SIMS) (Guay et al., 2000) measures stu-
dents’ situational motivation when they are engaging in an activity. The SIMS was
used since it is a well-validated situational measure of motivation (Guay et al., 2000;
Lonsdale et al., 2011; @sterlie et al., 2019; Standage et al., 2003). The recycling
situational motivation (RecycleSIMS) survey used to collect data from the students
in this study was adapted from SIMS (Guay et al., 2000). The adjustment consisted
of changing the intention of the activity, e.g. SIMS item “I am doing this activity for
my own good” was changed for “I recycle for my own good”. Students were asked to
rate different reasons for recycling, on a Likert scale ranging from disagree strongly
(1), to agree strongly (5). The survey included four items for intrinsic motivation
(1-Because I think that recycling is interesting, S-Because I think that recycling is
pleasant, 9-Because recycling is fun, and 13-Because I feel good when I'm recy-
cling); four items for identified regulation (2-Because I recycle for my own good,
6-Because I think that recycling is good for me, 10-Because it is my personal deci-
sion to do it, 14-Because I believe that recycling is important for me); four items for
external regulation (3-Because I am supposed to do it, 7-Because it is something
that I have to do, 11-Because I don’t have any choice, 15-Because I feel that I have
to do it); and four items for amotivation (4-There may be good reasons to recycle,
but personally, I don’t see any, 8-1 will recycle, but I am not sure if it is worth it, 12-1
don’t know, I don’t see what recycle brings me, 16-1 recycle, but I am not sure it is a
good thing to pursue it).

The sample of this study consisted of school children in Portugal and the UK
within the age group 11-14 years, corresponding respectively to 7th to 9th grades
and KS3. Data were collected in July 2019 and a total of 98 students responded
to the motivation survey (PT =69, UK=29) in classroom sessions. The students
were randomly organised in five different groups/sessions per country. The class
sessions where the survey were administered consisted of the learning activity
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related to ocean topics (oral explanations with a slideshow presentation of some
key topics related to ocean health), and afterwards, the students interacted with
the ocean literacy application (Fig. 3). The data were collected anonymously in
both Portugal and the UK, through administration in each session of the survey in
paper format using a Pre-test and Post-test Design, i.e. before and after the learn-
ing activity, as described in Table 1. Four sessions were set to test the game ele-
ments and a session only with oral explanations was the control group.

All students had the opportunity to fill in the survey without being observed,
and to ask questions if anything was unclear. To minimise any pressure, they
were asked to answer as truthfully as they could, along with an assurance that
there were no wrong or right answers. To comply with research ethics require-
ments, a request for ethical approval was submitted in both countries before the
study started. Permission was obtained from students, parents, teachers, and
headteachers.

The collected data were analysed by paired-samples t-tests using IBM SPSS
version 24. The dependent t-test compares the means between two related groups
on the same continuous, dependent variable. This analysis was used to understand
whether there was a difference in children’s motivation before and after they
interacted with the application using different game elements and also following a
traditional class environment experience.

5 Results

The school children involved with all the ocean literacy versions of the applica-
tion found them accessible with variable degrees of effectiveness as motivation
tools. Although the different states of motivation analyses in the UK and in Portu-
gal are not statistically significant, the results show a similar trend concerning the
effect on students’ motivation to recycle in the two countries.

Fig.3 The Ocean Literacy application ( Leitdo et al., 2019a)
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5.1 Findings for the students in the UK

Table 2 presents the means for the RecycleSIMS scale estimated at both assess-
ments (before and after). The results regarding the game element points show
a positive effect on the different motivation layers except for external regulation,
which decreased. Intrinsic motivation scores increased by 6.3%, identified regula-
tion increased by over 1%, and external regulation showed the highest effect of all
the five-session conditions, decreasing 11%. Amotivation not only decreased but
also registered the highest effect of the element points (—15%); therefore, the overall
results show a positive effect of this element on the students’ motivation to recycle.

The results regarding the element badges also show an increase in intrinsic moti-
vation among UK students (3.5%). This game element did not appear to have an
effect on identified regulation, while external regulation decreased by 4.5%. This
session presented a high positive impact on students’ amotivation, which decreased
by 25%. Regarding the leaderboard element, results improved in all the three sets
of motivation processes: intrinsic, extrinsic and amotivational. Intrinsic motiva-
tion increased by 25.6%, identified regulation around 11%, and external regulation
showed the highest results among all the sessions, increasing over 20%. The element
leaderboard showed a negative effect on amotivation, which also increased around
13%.

When students interacted with the full application, which included the PBL triad,
the findings displayed the best impact over all the sessions. Intrinsic motivation and
identified regulation both showed the highest results among all the sessions, increas-
ing by 28% and 26% respectively. External regulation increased by 15% and amoti-
vation decreased by 7.5%. On the other hand, the oral explanation session showed
the lowest effect on all the motivation continuum, except on identified regulation
which increased by 9.72%. The oral explanation session did not have an effect over
intrinsic motivation and external regulation, and regarding amotivation, it obtained
the highest increase of all the conditions (over 16%).

Intrinsic motivation is commonly known as the most productive force behind
people’s behaviour. Overall results indicate that the game element leaderboard and

Table2 Overall paired samples statistics obtained with the recycleSIMS survey (UK students). PBL:
points, badges and leaderboard; Pre: Pre-test; Post: post-test; Oral E.: oral explanation

UK N =29 Points Mean Badges Mean Leaderboard PBL Oral E.
N=6 N=6 N=6 N=6 N=5
Intrinsic Pre 13.00 14.17 13.67 13.00 13.60
motivation Post  13.83 14.67 17.17 16.67 13.60
Identified Pre 14.00 17.00 15.17 1400 1440
regulation Post  14.17 17.00 16.83 17.67 15.80
External Pre 11.67 14.83 9.67 12.33 12.00
regulation Post 1033 14.17 11.67 14.17 12.00
Amotivation  Pre 11.17 7.83 10.00 3.83 8.60
Post  9.50 5.83 1133 8.17 10.00
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the PBL triad had the highest effect on this layer of motivation. Findings show that
intrinsic motivation increased in all the conditions except when the students did not
interact with the application.

Extrinsic motivation refers to participation in an activity because of external fac-
tors rather than due to the activity itself. All the sessions had a positive effect on
the students identified motivation except when they experienced the application with
the game element badges. In this latter case, the results did not show any variation.
Although external regulation decreased with the game elements points and badges,
this increased when the students interacted with the application with the game ele-
ment badge and with the PBL triad. Students’ external regulation did not present
any changes regarding the oral explanation session.

Amotivation scores decreased throughout all the sessions except in the case of the
leaderboard element and when the students experienced a traditional class environ-
ment. These overall results among the UK students seem to show that the Ocean Lit-
eracy application has had a more substantial positive effect on the students’ intrinsic
motivation to recycle.

5.2 Findings for the students in Portugal

Concerning the Portuguese students, RecycleSIMS scores showed some similarities
with the UK sample (see Table 3). Results for the 1st session, showed a positive
effect of the game element points on the different types of motivation continuum as
well as on amotivation, which decreased by 12,5%. The highest positive effect (4%)
was observed on identified regulation.

Students’ intrinsic motivation and identified regulation increased after the experi-
ence of the application with the game element badges (9,4% and 1,7%, respectively).
The effect on external regulation was negative, as it decreased by 11%. On the other
hand, badges element presented the greatest effect on amotivation among all the ses-
sions, with a decrease of 18,5%.

Regarding the interaction with the leaderboard game element, overall results
showed this to have a positive effect on the students’ motivation. The scores for all

Table 3 Overall paired samples statistics obtained with the RecycleSIMS survey (PT students). Legend
as in Table 2

PT N =69 Points Mean Badges Mean Leader- PBL Mean Oral E. Mean
board Mean

Intrinsic Pre 14.07 16.62 13.71 15.21 16.86
motivation Post  14.29 17.31 15.00 17.43 15.86
Identified Pre 17.50 18.23 16.71 18.36 18.14
regulation Post 18.21 18.92 17.00 18.43 17.93
External Pre 13.64 12.46 11.36 14.29 10.93
regulation Post  14.14 11.08 11.93 14.64 10.64
Amotivation Pre 5.71 5.00 5.79 6.21 4.36

Post  5.00 4.08 6.07 5.57 4.50
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the motivation layers increased (IM= 9,5%, IR = 1,8% and ER =5%). Similar to the
UK sample, the students’ amotivation levels after interacting with the application
also increased (4.8%). The PBL triad results also showed a positive effect on all the
motivation layers, similar to the previous game element. In this session, intrinsic
motivation scores increased by around 15%, the PBL triad having the greatest effect
of all the sessions on this kind of motivation, as was also the case with the UK
students. Identified regulation increased by 0,4% and external regulation by 2.5%.
Students’ amotivation decreased by 10%. Similar to the UK students, the control
session was shown to harm intrinsic motivation, which decreased by around 6%.
Identified regulation and external regulation also decreased by 1% and 3%, respec-
tively. Moreover, amotivation results also increased by over 3%.

In summary, intrinsic motivation scores indicate that the game element leader-
board and the PBL triad had the greatest positive effect on this layer of motiva-
tion. Furthermore, overall results among Portuguese students indicate that intrinsic
motivation and identified regulation increased in all the conditions, except when
the students did not interact with the application. In the last session, all the moti-
vations layers decreased, and amotivation among them increased. External regula-
tion decreased in two sessions: badges and oral explanation, with a higher effect in
the first one. Finally, amotivation decreased with the game elements points, badges
and PBL triad, and increased when the leaderboard was the main game element
employed in the application.

5.3 Comparison

The session results obtained in both samples revealed an overall balance between the
UK and the Portuguese experiences. Although the samples sizes were not large, it
can be argued that there is a trend related to autonomy or self-determination theory,
which is similar in both countries, showing that the application had a positive effect
mainly on intrinsic motivation and on identified regulation (Figs. 4 and 5). Globally,
the PBL triad appeared as the most effective in improving the motivation layers,
especially among the UK students, with highest effects found on intrinsic motiva-
tion. The leaderboard was the second best game element in performance, well above
the effects elicited by points and badges.

The game elements points and badges were only more effective than the PBL
triad and the leaderboard to increase the identified regulation among the Portuguese
students (Fig. 4). Identified regulation refers to participating in an activity because
its outcomes are valued. Thus, the UK students valued more the ocean literacy top-
ics related to eutrophication, sea-level rise and plastic ocean while interacting with
the game elements leaderboard and PBL triad, while Portuguese students valued
more the topics while using points and badges as game elements. However, the Por-
tuguese students already started with very high identified regulation values, com-
pared to the UK students (Tables 2 and 3). These findings support a previous study
(Leitdo et al., 2018), where significantly higher importance and more responsibility
was attributed to the ocean by the Portuguese students compared to the UK students.
Furthermore, identified regulation overall results suggest that in both countries a
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Fig.4 Changes in intrinsic motivation, identified regulation, external regulation and amotivation elicited
by the different game elements (points, badges, leaderboard) or their combination (PBL triad)

OVERALL EFFECTS OF DIFFERENT
GAME ELEMENTS ON MOTIVATION
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Fig.5 Overall effects of different game elements on motivation layers

@ Springer



Education and Information Technologies (2022) 27:1081-1103 1093

high percentage of students consider these ocean topics personally important, rein-
forcing the previous findings (Leitao et al., 2018). The game element leaderboard
and the PBL triad increased all levels of motivation in both samples, except in the
amotivation level. Opposite to PBL triad, the use of the leaderboard also increased
the amotivation (see Fig. 4). The obtained results may be due to the different rela-
tionships between leaderboard and students. The immediate feedback provided by
this game element and the possibility to improve their place, can be very motivat-
ing for competitive students while less competitive students can demotivate and
decrease their performance. Finally, the oral explanation (control) session had little
or no effect on the motivation layers among the UK students and even decreased
motivation among the Portuguese students. The most negative effect of the control
session was registered for intrinsic motivation (Fig. 4).

6 Discussion

Education is key for future generations and our planet, and teachers want students to
learn for learning’s sake and not because of the promise of a reward. Consequently,
this is one of the main reasons why intrinsic motivation, as opposed to extrinsic
motivation, is so important in the education field (Brophy, 2013; Deci et al., 2001).
External stimuli can take many forms: contests, prizes, or even grades are a form
of external motivation. Although they represent a very effective way of motivat-
ing behaviours in a short time period (Ryan & Deci, 2000a), their effects tend to
decrease over time (Magni et al., 2010) and if is perceived to be controlling, can
even reduce students’ motivation (Deci et al., 1999). This study intended to under-
stand how differently game elements can affect students’ motivation to recycle
through interacting with a mobile gamified application about ocean literacy-related
topics in learning activities. Therefore, it investigated how students’ motivation
changed following the exposure to the game elements points, badges, leaderboard,
and the PBL triad, and following a traditional classroom environment simulation
without students interacting with the application. Findings show a trend regarding
the effect of the combined game elements mainly on the most autonomous forms of
motivation in both countries.

6.1 Points condition

The students’ experience with the prototype awarding points was effective in increas-
ing intrinsic motivation. These results are consistent with the findings of Mekler
et al. (2013), which showed the same effects regarding this game element. Accord-
ing to the authors, these effects may be due to their functioning as feedback: “Points
establish a clear connection between user effort and performance. Moreover, peo-
ple have an inherent need to accomplish tasks and providing them with individual
performance information may facilitate the fulfilment of this need” (Mekler et al.,
2013, p. 1140). Despite the positive effects under these specific conditions, research
suggests that rewarding points, as an external stimulus, may undermine participants’
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interest in a task (Deci et al., 1999). Points can be awarded for a wide variety of
settings — attending classes, solving problems, completing tasks — or can even be
converted into tangible rewards, i.e. money or vouchers. In this ocean literacy proto-
type, points were rewarded every time the user threw the waste into the right bin. In
a the previous study (Leitao et al., 2019b), students reported throwing waste into the
right bin as a very funny and engaging interaction. This layer of fun combined with
the natural user interface (touch) allowed by mobile platforms may have directed
the effect of points towards increasing students’ autonomy or self-determination
level. Likewise, Csikszentmihalyi (2000) defined fun as a positive emotional state of
playful enjoyment in which one is intrinsically engaged and, thus, valuing the expe-
rience by itself, rather than the experience as an instrument to achieve something
else. Moreover, providing users with individual performance information could have
also intensified the intrinsic motivation results. Moving in the opposite direction of
autonomy or of self-determination, in this study the results turned to negative. This
may be related to executing a task because of rewards or external coercive pres-
sures, which may decrease this level of self-determination, though the game element
points is a type of reward and external regulation. The outcomes of the application
were to help students understand ocean literacy topics and, at the same time, connect
our behaviours to the effects on the ocean. The points element was shown to have a
higher positive effect regarding the identified regulation. According to these results,
under the game element points the students valued the outcomes while interacting
with this prototype, which suggests that in an educational context points could be
used as a positive element to improve extrinsic motivation and the identified regula-
tion layer.

6.2 Badges condition

Badges had a higher effect on intrinsic motivation, compared to the other layers, and
this effect decreased while moving towards extrinsic motivational levels. Some stud-
ies reported an increase in student motivation, while others found that there was no
impact or a negative impact on student motivation (Hakulinen & Auvinen, 2014).
Abramovich et al. (2013) found evidence that ‘earning various badges can be associ-
ated with increases in expectations for success but also increases in counter-produc-
tive educational goals. Thus, in contrast to what might be expected from conceptual-
izing badges as only being extrinsic rewards (and therefore only bad for learning),
we find evidence suggesting both positive and negative effects (Abramovich et al.,
2013, p. 229).

As well as the game element points, badges are external rewards and can be
awarded for a wide variety of settings (i.e. participation, skill acquisition, knowl-
edge or achievement, progress). Different badge types can affect differently learn-
ers’ motivation (Abramovich et al., 2013). Badges are visual awards and they are
frequently offered to students as an incentive to engage in a behaviour in which
they might not otherwise engage. According to Deci et al. (2001), this will tend to
be experienced as controlling, and as a result, they will tend to decrease intrinsic
motivation. Another factor that could influence their effect is using them as a social
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element (Consolvo et al., 2006; De-Marcos et al., 2014; Turner et al., 2014). Deterd-
ing (2011) suggests that using a gamified system that offers virtual rewards or public
social comparison is not necessarily voluntary or free of consequence, two essential
characteristics to increase intrinsic motivation according to the self-determination
theory (Ryan & Deci, 2000b). Social sharing (e.g. when learners can share their
badges on social media) can have benefits of additional recognition from friends
and family but can also cultivate social pressure over learners. Furthermore, social
comparison leads to competition, which research suggests having negatives effects
in the classroom (Reeve & Deci, 1996). Following this, additional attention should
be given at younger ages. However, social comparison can affect the motivational
outcome in a different perspective. According to Schunk and Usher (2019): “Learn-
ers who observe others perform successfully may believe that they also can be suc-
cessful. Students who observe successful models may believe that they can emulate
their models’ performances. Such a belief may raise their self-efficacy and lead them
to engage in motivated behaviours”. In the prototype, badges were used to display
information about ocean topics (eutrophication, sea level rise and plastic pollution)
and the aims of the game (quantity and quality of waste necessary to recycle). Every
time the user reached one of the three badges, a window popped up congratulating
the user, explaining a certain topic and relating it to our behaviour. Therefore, the
badge was awarded based on positive feedback and as a personal achievement, con-
sequently the higher results on intrinsic motivation may be due to the type of stimuli
that was used. The findings are consistent with previous research, which reported
the use of badges as a good motivational stimulus. For example, Hakulinen and
Auvinen (2014) reported that after badges were introduced in the course, students’
motivation increased in performance. Therefore, the results suggest that the game
element badges, at least used in these conditions, seem to have a stronger effect on
intrinsic motivation than on extrinsic motivation.

6.3 Leaderboard condition

Mixed results were found with respect to the impact of the leaderboard on students’
motivation. Intrinsic motivation presented the highest increase of all the three game
elements used individually, but at the same time amotivation (lack of intrinsic or
extrinsic motivation) also displayed the highest increase in all the five conditions.
Previous studies have shown different results regarding the impact of leaderboards
on motivation. While some studies declared the leaderboard as a demotivating
game element (De-Marcos et al., 2014; Werbach & Hunter, 2012; Zichermann &
Cunningham, 2011), others presented good results regarding engagement, confi-
dence and also good contribution to the learning process (Cakiroglu et al., 2017,
Dominguez et al., 2013; Hanus & Fox, 2015; Nevin et al., 2014). The controver-
sial results may be due to the different relationships that may occur between leader-
board and students, highlighted by Zuckerman and Gal-Oz (2014). Likewise, Lister
(2015) noticed in an analysis of the literature, mixed results regarding the impact of
leaderboards on student’s motivation. The author suggested that, due to the imme-
diate feedback it provides, the leaderboard can be very motivating for competitive
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students while less competitive students can demotivate and decrease their perfor-
mance. The main reason presented for this game element to be effective as a source
of intrinsic motivation is because students can see their work recognized by their
peers immediately and because it can act as an inspiration for students to keep the
performance for longer periods of time (Dominguez et al., 2013). By contrast, other
research reported that leaderboards favoured competition over collaboration among
students, reduced participation and could develop different motivation relationships
for students (De-Marcos et al., 2014). Leaderboards naturally lead to competition
and, as mentioned above, can diminish the overall performance, cooperation, prob-
lem solving and also develop negative effects in the classroom, therefore increas-
ing amotivation. Similarly, Dijkstra et al. (2008) suggests that upward compari-
sons among students can evoke negative effects and lower academic self-concept
(Dijkstra et al., 2008). Another reason for the negative results may be the students’
difficulty to rise up the leaderboard because of the high scores of players above
them, or even to get onto the leaderboard for new players. Therefore, one way to
minimize this effect would be to show the player’s name, position and the best score
on the leaderboard along with the leaders.

External regulation refers to accomplishing an activity because of rewards or
external coercive pressures. This least self-determined form of extrinsic motivation
presented the highest increase of all sessions after the students’ experience with the
leaderboard. Since any pressure that could exist was minimized through an assur-
ance that there were no wrong or right answers, these findings seem to show how
important it was for the students to have a good position in the ranking. In fact, it
was also possible to observe in the students’ verbal and animated behaviour that
they were much more active and more focused on their peers’ results. These find-
ings show that the game element leaderboard has the potential to create competition
among the students and increase external regulation. In summary, this game ele-
ment in an educational context may need some attention when used, since the results
appear to show that it may have a different effect on students and increase amotiva-
tion among some of them.

6.4 PBL triad condition

Overall, the combination of points, badges and leaderboard (PBL triad) yielded
the best results, compared to each game element alone. The students’ interaction
with this prototype was effective in increasing intrinsic motivation and decreasing
amotivation. A possible explanation for this could be that the use of all the ele-
ments together enhanced the full gamified experience. As highlighted by previous
authors (Chou, 2016; Deterding, 2013), a rich gamified experience cannot rely on
merely adding game design elements, it is important to understand that games are
powerful through the dynamic interaction of users with the whole system. Through-
out the involvement in the process of failure and errors made, to the final success.
Intrinsic motivation is strongly related to the interest and joy to learning and, there-
fore, the interaction of all elements together could have provided a better sense of
fun, addressing a full experience of gameplay. Identified regulation also increased
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with the PBL triad, compared to the other sessions. As mentioned above, identi-
fied regulation refers to participating in an activity because its outcomes are valued.
Thus, students considered the ocean literacy topics related to recycling as useful
and important content for them. Furthermore, as well as in the case of the element
badge, the results showed a decrease of the effect while going towards into extrin-
sic motivational levels. It seems that this combination of elements has a stronger
effect on the most self-determined forms of extrinsic motivation. The positive effect
observed could be due to the association between the application outcomes and stu-
dents’ learning experience. Also, when all game elements were combined the gami-
fied system was probably not found to be controlling for the students and did not
reduce the users’ competence, relatedness and autonomy. It is important to note
that these results may also be related to the fact that participation in the activity
afforded sensations such as aesthetic experiences, sensory pleasure and fun of the
full dynamic interaction with the system.

6.5 Oral explanations only condition

Intrinsic motivation results decreased and presented the lowest levels among all the
sessions. Since intrinsic motivation involves the greatest degree of autonomous self-
regulation, it could be that the students did not perceive this session as a pleasur-
able and autonomous activity. Another possible reason could be that the slideshow
and the oral explanations about ocean literacy topics were insufficient to improve
the level of competence with recycling or that the activity was not designed to be
challenging enough for the students to increase their intrinsic motivation. Likewise,
Deterding (2015) suggests challenge to be one of the principal stimuli to develop
an engaging experience and thus to increase intrinsic motivation. External regula-
tion, the least self-determined form of extrinsic motivation, also decreased after the
students experienced this session. Since external regulation refers to accomplish-
ing an activity because of rewards or external coercive pressures, the results sug-
gest that students did not feel any incentive to pursue the activity because of the
rewards. Lastly, amotivation results increased in this session, exposing an absence of
students’ intrinsic or extrinsic motivation. These results may be due to the fact that
the students perceived no worthwhile reasons to participate in this activity. Further-
more, although the oral explanations stressed the amount of waste we produce and
their consequence to the ocean, it is important to highlight that they weren’t spe-
cifically about recycling, though they discussed the contribution of human actions to
the severity of the ocean issues presented. Given the impact on amotivation, and the
fact this is still the most used teaching method in schools, the results also reinforce
the urgent need for introduction of more dynamic teaching methods in the class-
room if we want to engage students in learning and protecting ocean health. Since
points, badges and leaderboards are the most commonly employed game elements
in education (Hamari et al., 2014; Seaborn & Fels, 2015), these findings bring some
insights regarding the motivation effects of different game elements to the research
field and plan the development of other teaching gamification apps.
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7 Limitations

This study evaluated the effect of points, badges, leaderboard and the PBL triad
on motivation to recycle among basic school students in two countries (Portugal
and UK). The samples used in this study are not fully representative of the two
countries from which they are drawn. Therefore, no significant association was
found between objective game elements and the motivation to recycle. However,
it was possible to identify some trends regarding their relationship. The litera-
ture shows that external motivators can work better in the short term rather than
over long periods (Liu et al., 2017). The SIMS scale measures students’ situ-
ational motivation while they are engaging in an activity, thus, future research
should provide more information and deeper understanding regarding the effects
of extrinsic rewards over time. As highlighted by Silpasuwanchai et al. (2016)
“participating in the learning task for a short period does not mean that a learner
is devoted” (Silpasuwanchai et al., 2016). The present study highlights the impor-
tance of the time perspective on learning motivation. Therefore, according to the
different desired behaviours (short or long term), different game elements may be
more appropriate to use. Moreover, motivation to recycle is a psychological out-
come and not a behavioural outcome. Thus, a high motivation to recycle does not
necessarily materializes into practice.

8 Conclusions

This study aimed to understand effects of different game elements on students’
situational motivation to recycle. Results seems to point a trend concerning the
effect of different game elements on motivation to recycle of students from both
countries. All the sessions with the ocean literacy prototype application were
shown to have the potential to improve the students’ intrinsic motivation, but in
different degrees of effectiveness. Therefore, gamified applications could help to
stimulate students’ intrinsic motivation by promoting the students’ initiative to do
the activity for itself, for the fun and the satisfaction that they experience while
they learn. However, it is important to highlight that there is no one-size-fits-all
model for the successful gamification of a learning activity.

The study found that the ocean literacy topic has the potential to trigger identi-
fied regulation among the students since this was the only motivation level that
increased in all sessions. Considering this, these interactive technologies seem to
have the potential to deliver more effective education for sustainable development
than conventional teaching approaches. Since negative impacts on the ocean are
a consequence of meeting our immediate human needs, the ocean literacy appli-
cation increased students’ motivation and also related our individual behaviours
with a marine environmental issue. Lastly, the prototype version with the leader-
board as the main game element was shown to have a positive effect on intrinsic,
extrinsic and amotivation levels of motivation, with a strong effect on intrinsic
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motivation and external regulation. The results suggest that this game element
has a substantial effect on the least autonomous level (external regulation). In the
recycling context this could represent only recycling in order to satisfy an exter-
nal demand or to receive some reward.
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