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Abstract

Educators have incorporated technologies designed to “gamify” or increase the fun
and reward of classroom learning, but little is known about how these resources can be
employed to create positive learning climates. Informed by self-determination theory
(SDT), two experiments investigated a number of strategies teachers can use to frame one
such technology, the student response system (SRS), when they use it as an educational tool
to enhance its fun and contribution to positive learning environments. Participants (n=30)
in a pilot experiment were randomly assigned to a 2-month experiment that showed that
using SRS versus non-technology-based learning increases academic well-being. A pri-
mary study (n=120 students) experimentally manipulated the use of SRS with and without
motivational framing strategies that were anticipated to enhance its effects, specifically by
employing teamwork, friendly competition between students, and giving students a choice
to participate. Results showed that motivational framing strategies enhanced students’ need
satisfaction for autonomy (sense of choice), competence (sense of efficacy in relation to
learning), relatedness (to others in the classroom), and academic well-being (interest and
engagement). In short, the use of interactive technology and how it was implemented in
class was vital for enhancing students’ learning outcomes.

Keywords Gamification - Self-determination theory - Student response system -
Motivational factors - Education technology - Clickers

Technology is increasingly used in educational contexts (Ferndndez & Jacome, 2016;
Parra-Gonzalez et al., 2020), across academic levels from early ages to university students
(Parra-Gonzélez et al., 2020). This is not new; games have been implemented in classrooms
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since the 1960s to engage students in learning (Piaget, 2013). Over time, more game struc-
tures and elements are employed when using forms of technology in formal educational
environments (Fernandez & Jacome, 2016). It is now recognized that technology can be
used to “gamify” learning by promoting fun in the classroom (Zainuddin et al., 2020).

Gamification involves adapting game techniques and designs to non-game environ-
ments to solve problems more effectively and to increase the interest and involvement of
users (Werbach & Hunter, 2012). The pedagogical practice aims to promote academic
well-being in the classroom (O’Brien, 2016) through contributing to students’ interest in
specific classroom tasks (Perez-Manzano & Almela-Baeza, 2018) and supporting their
engagement and effort in building academic knowledge (Xi & Hamari, 2019). Adapting
gamification in the classroom, students are encouraged to actively engage in the learning
process, to ultimately enhance academic outcomes (Groening & Binnewies, 2019). When
a user voluntarily participates in the gamified activity, they experience more constructive
intrinsic motivation that further shapes their learning behavior (Koivisto & Hamari, 2019).

Gamification can be incorporated into learning with or without the use of technology
(Mee Mee et al., 2020). However, educators can use technological tools to provide students
with more diverse and interactive learning environments (Huang & Hew, 2021) that are
especially effective in engaging students (Qiao et al., 2023). Technology can therefore be
thought of as a set of tools among others that can enhance the learning environment.

One gamified device that can be used in the classroom is the student response system
(SRS; Liu et al., 2019)—a system that provides a handheld device called a “clicker” to
every student (Caldwell, 2007). This device enables students to simultaneously respond
to a question that is projected on the whiteboard by the teacher who also uses a clicker.
The SRS provides a form of “experiential learning” which transforms education through
eliciting active engagement with materials, providing repeated practice that assists in pro-
cessing, and utilizing experiences to access knowledge (Moore et al., 2018). In ideal condi-
tions, it stimulates interest, the desire and predisposition to engage with specific contents
like objects and tasks (Smith & Abrams, 2019).

For the purpose of this paper, the gamified student response system (SRS)—a tool of
experiential learning—will be referred to as gamified experiential technology (GET), rec-
ognizing that SRS is just one indicator which we anticipated could extend to other gamified
devices such as a smartphone or tablet that can be used as a student response system—if an
app is downloaded—and equally promote experiential learning (Fithriani, 2021; Kaimara
et al., 2019). Mobile apps are being increasingly used: In 2022, there were 255 billion app
downloads as compared to 140.7 billion in 2016, an 80% increase (though the majority are
used for gaming rather than educational reasons; Statista, 2023). Using a mobile app on
each student’s mobile instead of a clicker can reduce the cost of a classroom as SRS can be
expensive and time-intensive to buy and maintain (Alvarez et al., 2017). However, for the
purpose of this paper, we relied on SRS to understand children’s and adolescents’ learning
because few students aged 9 to 16 years of age own, or are permitted to bring to school,
their own mobile phones (Liu & Lai, 2023).

We utilized the self-determination theory (SDT; Deci & Ryan, 1985; Ryan & Deci,
2000, 2002, 2017), a framework that postulates three basic psychological needs, for auton-
omy, relatedness, and competence, and underlying academic well-being indicators such as
interest and effort (Francisco-Aparicio et al., 2013; Peter et al., 2019; Ryan & Deci, 2002,
2020). The first of the basic psychological needs, autonomy, involves having the experi-
ence that one’s behavior is driven by will or volition to perform a task based on interest
and without pressure, coercion, or direct incentivization by others (Deci & Ryan, 2012;
Vansteenkiste et al., 2010, 2012).
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Second, relatedness refers to the experience that one has of closeness, trust, and com-
panionship with peers, such as with other students or a teacher. Students experience aca-
demic well-being when they feel secure learning and performing in the presence of other
close and supportive peers (Deci & Vansteenkiste, 2004; Francisco-Aparicio et al., 2013).
Third, competence need satisfaction refers to the experience that one is effective when
undertaking tasks and challenges. Students feel competent when they take on interesting
challenges within their skillset and receive constructive performance-focused feedback in
relation to their own learning goals. Such feelings of competence are vital for continued
engagement in and out of the classroom (Vansteenkiste & Ryan, 2013).

Strategies in gamified experiential technology

Applying SDT to the use of GET classroom technology such as the SRS, the three basic
psychological needs of autonomy, relatedness, and competence can be enhanced through
modulating specific game elements. We posit different activity framing strategies—team-
work, friendly competition salient, choice, and anonymity—that can be used by teachers as
they engage children in experiential technologies to enhance the three basic psychological
needs. These framing strategies are designed to motivate students; that is, they provide a
context for technology use that inspires students to engage with and enjoy the learning
activity.

Autonomy refers to the experiences of decision freedom and task meaningfulness and
is supported when students have the freedom of choice (Peng et al., 2012) and experience
their participation as a volitional and meaningful engagement (Montessori et al., 2017,
Rathunde & Csikszentmihalyi, 2005; Rigby & Ryan, 2011). Using technology, educators
can take the opportunity to build choice into their tasks to enhance the sense that students
can opt in volitionally to the task, an important quality for promoting autonomy need sat-
isfaction (Leo et al., 2022; Rissanen et al, 2023; Ryan & Deci, 2017). Choice allows for all
students to have meaningful options about what and when to study or how they may partic-
ipate, irrespective of whether they have any special requirements or not (Anderson, 2016).
Research on choice provision has shown that it is associated with motivation, task perfor-
mance, engagement, and a preference for challenge and learning (Patall et al., 2008, 2010).

To support relatedness, the student can be given a meaningful collaborative role to play
(Sailer et al., 2017); teamwork allows students to work together as one unit to succeed
in their goal (Groh, 2012). Allowing students to collaborate before responding to a ques-
tion with a clicker increases active engagement and improves academic performance in the
classroom (Shadiev & Yang, 2020).

Finally, the need of competence can be supported by friendly competition with the
aid of the leaderboard, bar chart, and points (Bai et al., 2021), made possible because
the technology gives feedback connected directly to students’ performance, progress
over time, and actions (Rigby & Ryan, 2011). For this to be successful, the game should
not promote ego-based competition but rather act more like a board game that helps
students challenge themselves, have fun, and get positive feedback about their engage-
ment, regardless of their performance (Akram & Abdelrady, 2023; Triantafyllakos et al.,
2011). In a survey of students, for example, Pettit et al. (2015) found that friendly peer
competition elicited the highest engagement in SRS learning during tiresome routine
activities. In non-combative circumstances, having competition in the classroom is stim-
ulating, and friendly peer competition is particularly engaging (Lehman et al., 2012).
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Research has shown that controlling or negative feedback can thwart competence (Na &
Han, 2023), but intangible rewards which are also task-contingent provide positive feed-
back for the students to improve and master the task (Davis & Singh, 2015). Other stud-
ies have also indicated positive outcomes (Bai et al., 2021; Christy & Fox, 2014; David
& Weinstein, 2023; Landers et al., 2017; Landers & Landers, 2014; Pettit et al., 2015).

Together, these three pedagogical strategies may map onto psychological need sat-
isfaction. The freedom of choice to participate in GET supports autonomy, teamwork
offers a sense of connection to other students that can satisfy relatedness, and friendly
competition can help provide constructive and fun performance feedback that can sat-
isfy competence (Stroet et al., 2013; Vasconcellos et al., 2020).

Present research

Empirical research on the effects of game elements on psychological need satisfaction
is limited (Bitridn et al., 2021; although recent studies do call for more understand-
ing of engagement with gamification; Fang et al., 2017; Ho & Chung, 2020). In the
domain of education (Kasurinen & Knutas, 2018; Koivisto & Hamari, 2019; Seaborn
& Fels, 2015), identify the need for more advanced classroom technology that adapts to
modern students’ needs (Montazami et al., 2022; Young, 2016). Furthermore, technol-
ogy should be fit for purpose. Otherwise, students may misuse the technology or may
be distracted (Miller, 2012; Reichert & Mouza, 2018). Another critique of gamification
apps is that they depend on the contingent and decontextualized utilization of external
rewards which may reduce motivation (Ryan et al., 2021); more internalized forms of
motivation should be encouraged to drive sustained learning (Kam & Umar, 2018). The
SRS provides a distinct advantage as a fit-for-purpose teaching tool which offers little
opportunity for distraction, but studies using SRS have to date been conducted primarily
on university students (Benson et al., 2017; Celik & Baran, 2022; Pearson, 2017) or in
one cross-sectional study (Sun & Hsieh, 2018) with seventh-grade students.

Learning methods that support need satisfaction enhance learners’ academic well-
being, which in turn increases participation and engagement in the learning process
(Lei, 2010; Nikou & Economides, 2016), enjoyment, and academic performance (Li &
Chu, 2021).

By evaluating GET with the lens of the SDT, we can explore ways to increase aca-
demic well-being indicators closely linked to intrinsic motivation to engage learning
(Deci & Ryan, 2016). Our first indicator of academic well-being, interest in learning,
refers directly to intrinsic motivation (Deci & Ryan, 1985). Utilizing adequate technolo-
gies can enhance student interest (Parong & Mayer, 2018), which motivates students
from within, reflecting their natural instincts to learn (Dohn et al., 2016). The second,
effort, refers to the willingness a student has to invest in the learning activity (Bai &
Wang, 2023; Dunlosky et al., 2020; Malone & Lepper, 2021).

To understand the role of GET, we first conducted a pilot study to test the effects of
GET uses on academic well-being, operationalized as students become interested in the
lesson and show perceived effort in the learning activities. The main experiment (study
1) was designed to build on the conceptual model testing academic well-being in the
pilot study by exploring psychological need satisfaction as a link between GET use and
academic well-being and to compare positive motivational framing (specifically, team-
work, friendly competition, and choice) for delivering GET.
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Hypotheses

Technology use in the classroom can make learning more interactive, engaging, and fun for
students, but the way that technology is used by teachers—framed in gamified ways that sup-
port psychological needs or simply as another classroom activity—may drive its potential ben-
efits. These assumptions have not been sufficiently tested, and the current research sets out to
test them experimentally in classrooms randomly assigned to receiving technology-based or
traditional learning (pilot study) and to motivationally framed learning (employing teamwork,
friendly competition, and choice) or technology-based learning in the absence of motivational
framing (study 1). These two naturalistic experiments provide the basis for drawing causal
conclusions about the impacts of these educational tools on students’ psychological needs and
academic well-being. Hypotheses were pre-registered prior to study 1 data collection, along
with a planned design and analytic approach (https://osf.io/phgs3/). SDT posits that support-
ing one psychological need (e.g., autonomy) activates another (e.g., relatedness), and indeed,
they show high correlations in previous research (Ryan & Deci, 2000; Su & Reeve, 2011).
Therefore, we did not set specific a priori hypotheses pitting one need against another. We
hypothesized that.

H1la. When the students are assigned to the teamwork condition, they will report higher
basic psychological need satisfaction as compared to the traditional learning condition.
H1b. When the students are assigned to the teamwork condition, they will report higher
academic well-being (interest and effort) as compared to the traditional learning condition.
H2a. When the students are assigned to the friendly competition condition, they will report
higher basic psychological need satisfaction as compared to the traditional learning condi-
tion.

H2b. When the students are assigned to the friendly competition condition, they will report
higher academic well-being (interest and effort) as compared to the traditional learning
condition.

H3a. When students are assigned to the choice condition of whether to participate or not,
they will report higher basic psychological need satisfaction as compared to the traditional
learning condition.

H3b. When students are assigned to the choice condition of whether to participate or not,
they will report higher academic well-being (interest and effort) as compared to the tradi-
tional learning condition.

H4a. When the students are assigned to the anonymous condition, they will report higher
basic psychological need satisfaction compared to the traditional learning condition.

H4b. When the students are assigned to the anonymous condition, they will report higher
academic well-being (interest and effort) as compared to the traditional learning condition.
HS. Psychological need satisfaction would mediate the effects of the condition on aca-
demic well-being (Fig. 1).

Pilot study

A pilot study compared GET to traditional learning to examine the effects on academic
well-being (in terms of interest and effort) in English lessons as a tool. Our initial hypoth-
esis was that GET would promote academic well-being more so than a traditional learning
comparison.
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Psychological Needs
(Autonomy, Competence and Relatedness)

Gamified Learning Perceived Academic Well-Being
Interventions —> (Interest and Effort)

Fig.1 Path diagram showing mediation

Method
Participants

The study involved 30 students studying at a private foreign language institute in an urban
area in Greece, 12 boys (40%) and 18 girls (60%) between the ages of 11 and 16 years
during the school year 2019-2020, with the consent of their parents. The number of par-
ticipants involved was determined by the specific classrooms to which we had access in
the pilot study collection. All children (100%) had Greek citizenship, and Greek was their
native language. Students in this pilot study came from an advantaged socioeconomic
background and were technologically literate—they were aware of how to operate the SRS.
The teacher (female, aged 50 with university degrees in English Literature and Psychol-
ogy) who was responsible for both conditions had 25 years of teaching experience in the
private sector in a school that had a lot of technology in the classrooms. Specifically, every
class had an interactive board and a student response system. The teacher was aware of
how to develop a classroom-based intervention.

The English course using GET was attended by four (26.6%) boys and 11 (73.4%) girls,
and the traditional English course was attended by eight (53.4%) boys and seven (46.6%)
girls. Students were assigned to one of two conditions: The experimental group was taught
with the aid of GET, which consisted of a transmitter, a clicker for each student, and a
clicker for the teacher. The comparison group was taught through relatively traditional
methods of using a whiteboard and a CD player.

Measure instruments

Students responded to the Motivated Strategies of Learning Questionnaire (MSLQ; Pin-
trich et al., 1991) as it is a measuring instrument designed to assess students’ motivation
and the use of learning strategies. The MSLQ includes two areas. The first refers to the
social and motivational factors and the second to learning strategies. In this pilot study, a
subset of items from the first area was only used to evaluate outcomes of the condition of
interest and effort. Specifically, a total of seven items on a 5-point Likert scale where 1 is
“strongly disagree,” 2 is “disagree,” 3 is “not sure,” 4 is “agree,” and 5 is “strongly agree”
were used to measure academic well-being of interest and effort. Three items of measur-
ing interest were: “I like the subject matter of this course,” “It is important for me to learn
the course material in this class,” and “I am very interested in the content of area of this
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course.” Effort was measured with four items: “If I wanted to change, I am sure I could”;
“When I have a goal, I can usually plan how to achieve it”; “I’m good at finding different
ways to get what I want”; and “I can achieve goals that I have set for myself.” In this pilot
study, Cronbach’s alphas for the interest items were «=0.82 and for the effort items were
a=0.64.

Condition The class randomly assigned to the GET condition used the interactive white-
board consisting of a computer, a projector through which the material of the digital book
was projected on the whiteboard, and two speakers. SRS used in the GET condition con-
sists of a transmitter and a clicker for each student and a clicker for the teacher (Fig. 2). A
second class, randomly assigned to traditional learning, used the traditional whiteboard and
a CD player for their lesson.

Procedure

The experiment took place across a period of 2 months. Students participated in English les-
sons three times a week for 90 min. At the start of a teaching semester, students reported on
demographics and completed the questionnaire. Classes were randomly assigned to either a
GET or traditional learning condition. The GET condition employed the interactive white-
board as a necessary tool for the SRS. The students watched short videos based on the texts
and listened to the audio parts. Exercises were also corrected with the help of the interactive
whiteboard. The clickers were introduced in the final 20 min of every session. The teacher
displayed two sets of 15 questions concerned with grammar and vocabulary. Students had
30 s to answer each question using their clickers. For the last 10 s, a sound was heard from
the speakers so that the students could respond in time. At the end, a bar chart with percent-
ages for the correct and incorrect answers was displayed, and the students were informed of
their points and the time they took, using a leaderboard and progress bars.

The traditional learning group received identical lessons but through traditional means (i.e.,
using textbooks, written tests, whiteboard, and CD player). They followed the lesson with the
help of the teacher and used the traditional CD player to listen to the audio part of the lesson.
The correction of the exercises was done orally.

Fig.2 Student response systems
(SRS) used in the GET condition
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Both conditions were based on level B1 of the Common European Framework of Refer-
ence for Languages (Council of Europe, 2001). Consequently, the same syllabus from the
same course book, grammar book, workbook, and vocabulary was taught. At the end of the
2 months, students completed the same questionnaire measuring interest and effort.

Data analytic strategy A repeated measure analysis of variance (ANOVA) was conducted
with time defined as a within-person variable with two levels: baseline and follow-up. Con-
dition was defined as a between-person predictor. Data were analyzed using IBM SPSS
Statistics, version 28.0.0 (190). Raw data and analysis code for this study can be sent with-
out undue reservation by emailing the corresponding author.

Results
Sample characteristics

A Shapiro—Wilk test (p>0.05) (Razali & Wah, 2011; Shapiro & Wilk, 1965) and a visual
inspection of their histograms, normal Q-Q plots, and box plots showed that academic well-
being was normally distributed with a skewness of 0.157 (SE=0.427) and a kurtosis of 0.370
(SE=0.833) for time 1 and a skewness of —0.427 (SE=0.427) and a kurtosis of —0.113
(SE=0.833) for time 2. Inspecting academic well-being separately as interest and effort were
also normally distributed, interest time 1 has a skewness of —0.787 (SE=0.427) and a kurtosis
of —0.450 (SE=0.833), and interest time 2 has a skewness of —0.119 (SE=0.427) and a kurto-
sis of — 1.207 (SE=0.833). Effort time 1 has a skewness of —0.074 (SE=0.427) and a kurtosis
of —0.295 (SE=0.833), and effort time 2 has a skewness of 0.399 (SE=0.427) and a kurtosis
of 0.422 (SE=0.833) (Cramer, 1998; Cramer & Howitt, 2004; Doane & Seward, 2011).

Academic well-being results Analyses showed a significant interaction wherein the stu-
dents increased in academic well-being as a function of condition (GET or traditional),
F(1, 28)=6.45, p=0.017, d=0.96. We proceeded to investigate this interaction by splitting
up the two types of education. In the SRS condition, academic well-being increased from
baseline to follow-up (t=2.84, p=0.013, d=1.52). In the traditional condition, there was
no change from baseline to follow-up (t=0.54, p=0.601, d=0.29) (Fig. 3).

Conclusion

Results of the pilot study showed that academic well-being (students’ interest and effort)
increased across time when students used classroom technology but did not change when
using traditional learning.

Study 1

The purpose of study 1 was to build on the conceptual model testing academic well-
being and to compare different motivational climates for delivering GET. More spe-

cifically, we tested motivational framing for gamified experiential learning (GET) by
putting students in teams, giving them the choice to participate or not, to be part of
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a friendly competition, or to participate anonymously. Hence, we investigated the role
of GET as an educational tool and its relationship with the development of autonomy,
relatedness, and competence of SDT, resulting in greater interest and effort thus aca-
demic well-being (Fig. 1). In the pilot study, we had focused on the use of technology
(interactive whiteboard and SRS) throughout an academic semester compared to tradi-
tional learning without technology to measure the academic well-being indicators of
interest and effort. Study 1 built on these findings by using the interactive whiteboard
with all classes to isolate only the effect of SRS in the experiment and to measure the
outcome of academic well-being mediated by the three basic psychological needs of
autonomy, competence, and relatedness.

Method
Participants and design

The study involved 120 students studying in a private foreign language institute in an urban
area in Greece, including 65 boys (54.2%) and 55 girls (45.8%) during the school year
2020-2021. Students varied in age from 9 to 16 years old (M=12.58, SD=2.4). The num-
ber of participants involved was determined by the specific classrooms to which we had
access in the study 1 collection. Students in study 1 came from an advantaged socioeco-
nomic background and were technologically literate—they were aware of how to operate
the SRS. The teacher who was responsible for both conditions was the same teacher who
conducted the pilot study.

Transparency and openness

Because we were testing young children and using a relatively subtle manipulation of
GET, we anticipated a small effect size across all measures. Therefore, based on a power
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analysis anticipating f=0.20, and setting power at 0.90 for an omnibus effect across
groups (which required n=36), we aimed to recruit n =40 per age group (9-11 years,
12-14 years, 15-16 years). There were no exclusion criteria set.

The study received ethics approval from the University Research Ethics Committee
of the University of Reading (num. 2020-175-NW) and was pre-registered (https://osf.
io/phgs3/) prior to data collection, along with the planned design and analytic approach.
Raw data and analysis code for this study can be sent without undue reservation by
emailing the corresponding author.

An email was sent to the parents of the students with the details of the experiment.
Both parent and student consented prior to the start of the experiment. All students took
part in four experimental conditions using GET, as well as one comparison condition
that used traditional learning to compare the different motivational climates. As such,
this study involved a 5-factor within-subject design presented in a random order.

GET conditions involved a clicker for each student and a clicker for the teacher as in
the pilot study. The difference in study 1 is that the GET conditions made one of four
motivationally relevant framing salient:

(1) Teamwork, in which students were allowed to collaborate in teams of three before
clicking on the answer

(2) Friendly competition salient, where the students worked alone and, after answering all
the questions in each set, were shown their scores on the leaderboard

(3) Choice, where the students were allowed to choose whether to participate or not

(4) Anonymous, where the students participated without revealing who they were on the
leaderboard as only numbers were shown

As a comparison condition, the students also took part in a traditional learning con-
dition where they answered the same set of questions on paper instead of using GET;
nevertheless, the condition was matched in terms of the duration of the manipulation,
and the general content of learning was identical.

At the end of each procedure, the students answered the Intrinsic Motivation Inven-
tory (IMI; Deci & Ryan, 1985) which was delivered through Qualtrics Survey Solu-
tions after the survey was translated into Greek and back-translated (see on https://osf.
io/phgs3/). The data were analyzed using IBM SPSS Statistics 24.

Procedure

The experiment was conducted in five lessons. One lesson was used for each condition
(teamwork, friendly competition salient, choice, anonymity, and a comparison tradi-
tional learning condition). Students in a classroom received the same order of condition,
but the order across the five conditions was randomized across classrooms to avoid con-
founding effects of time. In all conditions (experimental and comparison), the students
used the interactive whiteboard to project the textbook as in the pilot study. Students
watched short videos based on the texts and listened to the audio parts. Exercises were
also corrected with the help of the interactive whiteboard.

In the last 20 min of each lesson, the students were introduced to the condition into
which they had been randomly assigned. In the experimental condition, the teacher, with
the help of the transmitter and clicker, displayed two sets of 15 questions on the interactive
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board. The former was related to previously taught grammar, and the latter was related to
vocabulary. Students answered within 30 s by using their clickers in groups or individu-
ally—depending on the condition. For the last 10 s, a sound was heard from the speakers
so that they responded in time. Then, a bar chart with percentages of correct and incorrect
answers was displayed, and the students were shown their scores and time on a leader-
board. In the traditional learning condition, instead of being given a clicker, the students
were assigned to sit a written test of two sets of 15 multiple-choice questions related to
grammar and vocabulary to match the experimental conditions. After each condition, stu-
dents responded to the questionnaire.

Measure instruments

Academic well-being and psychological need satisfaction Academic well-being and
psychological need satisfaction were both measured with the Intrinsic Motivation Inven-
tory (IMI; Deci & Ryan, 1985). This research is relatively new to Greece so we do not have
indicators of validity in the Greek sample. However, the surveys were translated and back-
translated by researchers, and students were invited to ask for clarification if confused. The
IMI was used because its multiple subscales tap at these constructs well and it is suitable
for use in academic settings (Raes et al., 2020). Items described below were paired with a
7-point Likert scale ranging from 1 “not at all true” to 4 “somewhat” to 7 “very true.”

Need satisfaction Perceptions that psychological needs were satisfied were measured
through three subscales. Autonomy was measured with seven items including “I believe I
had some choice about doing this activity” and “I did this activity because I had no choice”
(R)(@=0.78). Competence included 6 items including “I think I did pretty well at this
activity, compared to other students” and “I am satisfied with my performance at this task”
(x=0.90). Relatedness included six items including “I felt close to my classmates” and “I
felt really distant to my classmates” (R)(«=0.81).

Academic well-being Academic well-being was measured through self-reported interest
and effort. Interest included seven items including “I enjoyed doing this activity very much”
and “I thought it was a boring activity” (R)(«=0.69). Effort involved five items including “I
put a lot of effort into this” and “I did not put much energy into this” (R)(a=0.90).

Data analytic strategy A repeated measure analysis of variance (ANOVA) was conducted
with five within-subject levels: four GET conditions (teamwork, choice, friendly competition,
anonymity) and one traditional learning condition. Conditions were defined as a between-
person predictor. Data were analyzed using IBM SPSS Statistics, version 28.0.0 (190). Raw
data and analysis code for this study can be sent without undue reservation by emailing
the corresponding author. Means and standard errors for each condition are summarized in
Table 1. Pairwise comparisons of conditions are summarised in Table 2. In addition, pre-reg-
istered indirect effects were tested with PROCESS, which allows researchers to identify the
combined effects of predictors to mediators and, ultimately, to outcomes controlling for direct
effects and multiple mediators (Hayes, 2018). Each of the three motivational conditions that
showed increased need satisfaction was tested against two comparison conditions: traditional
learning and anonymous GET. The three mediators were defined separately in models, to test
each of their independent effects. Student-reported interest and effort were tested as two sepa-
rate outcomes. Findings of these models are summarized in Table 3.
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Table 1 Descriptive statistics (M, SE) for outcome variables within each condition

Teamwork Competition Choice Anonymous Traditional

M SE M SE M SE M SE M SE

Relatedness ~ 6.38,  0.09 587, 008 6.11; 008 546, 007 534, 008
Competence ~ 620,  0.10 543, 010 605, 0.1 528, 009 536, 0.12
Autonomy 467, 009 472, 009 628, 008 405, 010 305, 0.12
Interest 648, 006 603 007 638, 007 473, 011 426, 0.12
Effort 580, 012 559, 0.0 592, 012 425, 011 56l. 0.1

Note: Subscript indicators (A, B, C, D) denote significant condition differences (p < .05) predicting any
particular outcome variable (as listed in rows). Where identical (A, A) no significant condition difference
was found

Results
Sample characteristics

A Shapiro-Wilk test (p>0.05) (Razali & Wah, 2011; Shapiro & Wilk, 1965) and a visual inspec-
tion of their histograms, normal Q-Q plots, and box plots showed that the outcomes were normally
distributed for both males and females, with a skewness of —0.587 (SE=0.299) and a kurtosis of
0.123 (SE=0.590) for the males and a skewness of —0.554 (SE=0.319) and a kurtosis of —0.205
(SE=0.628) for the females (Cramer, 1998; Cramer & Howitt, 2004; Doane & Seward, 2011).

Basic psychological needs

Condition predicted autonomy need satisfaction, F(4, 468)=217.74, p<0.001,
np2:0.65. Post hoc comparisons are presented in Table 2. The choice condition pre-
dicted the greatest self-reported autonomy (M=6.28, all ps<0.001), followed by
friendly competition (M =4.72, p<0.001) and teamwork (M=4.67, p<0.001) condi-
tions, which were not significantly different from one another. Participants in the anony-
mous condition reported feeling slightly less autonomous (M =4.05, p <0.001), followed
by even less autonomy in the traditional condition (M =3.05, p <0.001).

Condition predicted competence, F(4, 468)=26.47, p<0.001, np2=0.18 (Table 2).
The teamwork condition predicted the greatest self-reported competence (M =6.20, all
ps<0.001), followed by choice condition (M =6.05, vs. friendly competition, anonymous,
and traditional: ps <0.01). Participants in the friendly competition condition reported feel-
ing more competent (M =5.43, p<0.001) than those in the traditional (M =5.36, p <0.001)
and anonymous (M=5.28, p<0.001) conditions. There was no significant difference
between the anonymous and traditional conditions predicting competence (p =0.14).

Condition predicted relatedness, F(4, 468)=62.24, p <0.001, np2: 0.35, see Table 2 for
post hoc comparisons. The teamwork condition predicted the greatest self-reported relat-
edness (M =6.38, all ps<0.001), followed by the choice condition (M=6.11, vs. friendly
competition, anonymous, and traditional: ps<0.01). Participants in the friendly compe-
tition condition reported feeling more relatedness (M =5.87, p<0.001) than those in the
anonymous (M=5.46, p<0.001) and traditional (M=5.34, p<0.001) conditions. There
was no difference between the anonymous and traditional conditions predicting relatedness
(»p=0.14).
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Table 3 Results of indirect effects linking condition—interest (left columns) and effort (right columns)
through competence, autonomy, and relatedness need satisfactions

Interest Effort
b se 95% CI b se 95% CI
Teamwork
Competence 0.39 0.06 0.27,0.51 0.44 0.07 0.30, 0.58
Autonomy 0.34 0.05 0.24, 0.45 -0.09 0.06 —0.20, 0.02
Relatedness 0.12 0.04 0.05, 0.19 0.08 0.07 —0.06, 0.21
Direct effect 1.12 0.10 0.92,1.32 0.50 0.15 0.21,0.78
Competition
Competence 0.04 0.06 —-0.07,0.15 0.04 0.06 —-0.08,0.17
Autonomy 0.35 0.06 0.25,0.47 -0.09 0.06 -0.21, 0.02
Relatedness 0.06 0.02 0.02,0.10 0.04 0.03 —-0.03,0.10
Direct effect 1.06 0.10 0.87,1.24 0.63 0.14 0.36, 0.90
Choice
Competence 0.31 0.07 0.18, 0.45 0.35 0.08 0.21,0.51
Autonomy 0.82 0.10 0.64, 1.03 -0.21 0.14 —0.49, 0.05
Relatedness 0.09 0.03 0.03,0.14 0.06 0.05 —-0.05, 0,15
Direct effect 0.63 0.12 0.39, 0.87 0.76 0.18 0.42,1,11

Psychological need satisfactions were modeled as three separate mediators in these analyses. Direct effects
reflect the effect of condition on outcome (interest or effort) when controlling for the mediating effects of
competence, autonomy, and relatedness

Academic well-being

Condition predicted interest, F(4, 468)=150.06, p <0.001, np2=0.56. Post hoc compari-
sons are presented in Table 2. The teamwork condition (M =6.48, all ps<0.001), and
the choice condition (M=6.38, vs. friendly competition, anonymous, and traditional:
ps<0.01), predicted the greatest self-reported interest. Participants in the friendly com-
petition condition reported feeling more interested (M =6.03, p<0.001) than those in the
anonymous (M =4.73, p <0.001) and traditional (M =4.26, p <0.001) conditions.

Condition predicted perceived effort, F(4, 468)=59.92, p<0.001, np2=0.34. The
choice condition predicted the greatest self-reported effort (M =5.92, all p<0.001), fol-
lowed by the teamwork condition (M =5.89, all p<0.001). Participants in the traditional
and friendly competition conditions reported making a similar effort M=5.61, p <0.001
and M=5.59, p<0.001, respectively. Participants in the anonymous condition self-
reported the least effort (M =4.25, p<0.001 as compared to other conditions). Analyses
are presented in Table 2.

Indirect analyses
Predicting interest

A first set of three models defined students’ self-reported interest as the outcome variable.
Results of models testing which of the three need satisfactions would mediate the effects
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of the teamwork and choice conditions contrasted against our two comparison conditions
showed similar results. Namely, all three psychological needs (autonomy, relatedness, and
competence) mediated the effect of the teamwork and choice conditions on greater inter-
est in comparison to the traditional learning condition. (Teamwork: relatedness satisfac-
tion, b=0.12, se=0.04, 95% CT [0.05, 0.20]; competence satisfaction, b=0.39, se =0.06,
95% C1I [0.27, 0.51]; and autonomy satisfaction, b=0.34, se =0.05, 95% CI [0.24, 0.45];
choice: relatedness satisfaction, »=0.09, se=0.03, 95% CI [0.03, 0.14]; competence sat-
isfaction, b=0.31, se=0.07, 95% CI [0.18, 0.45]; and autonomy satisfaction, »=0.82,
se=0.10, 95% CI [0.64, 1.03].)

Autonomy and relatedness need satisfactions, but not competence need satisfaction,
mediated the effect of the competition (versus traditional learning) condition on greater
interest (relatedness satisfaction, b=0.06, se=0.02, 95% CI [0.02, 0.10]; autonomy satis-
faction, »=0.35, se=0.06, 95% CI [0.25, 0.47]).

Predicting effort

The effects of teamwork and choice on effort were driven by indirect effect through com-
petence satisfaction only, (teamwork: competence satisfaction, b=0.44, se=0.07, 95% CI
[0.30, 0.58]; relatedness satisfaction, b=0.08, se =0.07, 95% CI [—0.06, 0.21]; and auton-
omy satisfaction, b= —0.09, se=0.06, 95% CI [—0.20, 0.02]; choice: competence satisfac-
tion, b=0.35, s =0.08, 95% CI [0.21, 0.51]; relatedness satisfaction, b=0.06, se =0.05,
95% CI [—-0.05, 0.15]; and autonomy satisfaction, b= —0.09, se=0.06, 95% CI [-0.20,
0.02]). The effect of competition salient on effort was not driven by indirect effect through
any of the need satisfactions: competence satisfaction, b=0.04, se=0.06, 95% CI [—0.08,
0.17]; relatedness satisfaction, »=0.04, se=0.03, 95% CI [—0.03, 0.10]; and autonomy
satisfaction, b= —0.09, se =0.06, 95% CI [—0.21, 0.02].

Discussion

The current research was designed to test the effects of gamified experiential technology
(GET) on academic well-being and explore whether positive motivational framing could
further enhance any effects. Findings of the pilot and full study 1 suggested that when
using GET in the classroom, students experienced more academic well-being compared
to traditional learning. Study 1 conceptually replicated the findings of the pilot study that
GET use leads to more positive student outcomes than traditional learning. Furthermore, in
this study, we observed that need satisfaction largely explains the relations between GET
use and the academic well-being outcomes of interest and effort, and we also saw that
building motivational framing strategies such as assigning students to use SRS in teams,
using a friendly competition climate and helping students feel that they have a choice to
participate or not, could further enhance GET use benefits. Notably, despite being given a
choice, no students in the study opted out of the activity, suggesting that perhaps the activ-
ity itself motivated engagement.

Although we anticipated that each motivational framing strategy would elicit a corre-
sponding psychological need (i.e., learning as a team would foster relatedness, friendly
competition would foster competence, and choice would foster autonomy), results did not
support these “clean” relationships between strategies used by teachers during interac-
tive learning and specific corresponding needs. Instead, each of these three motivational
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strategies was found to broadly support psychological need satisfaction across needs. When
students received GET as a team, they felt a sense of relatedness with others, a sense of
competence, and a sense of having a choice in what they did, and psychological need satis-
faction helped, in part, to explain how learning as a team fostered their interest in the learn-
ing task. When students were given the choice whether to participate or not or when they
were encouraged to engage in friendly competition with classmates, they felt more auton-
omy in relation to the task and more relatedness with their classmates and, for these rea-
sons, reported greater interest in the task. In addition, while they were working in a team
and given the choice to participate, they felt competent which in turn led to greater effort in
GET. Both teamwork and choice motivational framing strategies also supported a sense of
competence need satisfaction, which in turn led to greater effort and interest in the activity.

By comparison, when GET was implemented anonymously and without these support-
ive motivational framings, students reported lower autonomy, competence, and relatedness,
and as a result, their interest and effort in the task were relatively low and comparable to
those of traditional learning.

Implications

Overall, the use of gamified experiential technology (GET) produced better learning out-
comes than traditional learning. The results of our study expand previous research show-
ing that learning conditions that support relatedness, competence, and autonomy needs
enhance students’ academic well-being (i.e., students’ interest in the task and the effort
they put into it; David & Weinstein, 2023; Nikou & Economides, 2016). Condition effects
are also in line with studies identifying the benefits of positive motivational framing strat-
egies on learning outcomes, both directly and indirectly through supporting these basic
psychological needs. In our findings, students felt more related to one another when GET
use was implemented through teamwork and friendly competition and when they received
a choice.

Teamwork not only enhanced relatedness, but also supported competence and autonomy
needs—suggesting more global benefits for students learning together with classmates. The
sense of relatedness, in turn, led to more interest, building on previous work that academic
well-being is enhanced when the students feel secure working with peers (Francisco-Apari-
cio et al., 2013; Shadiev & Yang, 2020).

Friendly competition supported competence, conceptually replicating a previous experi-
ment that concluded that leaderboard points enhance competence (Bai et al., 2021), and
research shows that friendly competition stimulates high interest by providing informa-
tional feedback and positive challenge (Lehman et al., 2012).

Interestingly, providing students choice on engaging in the activity (all students chose
to participate in the experiment) supported all three basic needs and, like previous research
(Patall et al., 2008, 2010), was associated with more interest and effort. This finding sug-
gested that gamified learning is most beneficial when students can decide on their actions
following their interests and values (Deci & Ryan, 2012). It corresponds with the Montes-
sori method, which promotes choice and autonomy to increase high intrinsic motivation
and positive learning outcome (Montessori et al., 2017; Rathunde & Csikszentmihalyi,
2005).

In all, the results suggest that educators who have the aim of inspiring intrinsic motiva-
tion within a learning environment could benefit by incorporating interactive technologies
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into their education (pilot study and study 1) and, moreover, that they should carefully con-
sider how they frame technology use in terms of instructional strategies. Here, we observed
that multiple motivational strategies can be used by teachers to increase need satisfaction
and improve the interest and effort of students. But others likely exist that were not tested
here, and we recommend that along with additional research designed to explore these,
educators can consider how they, personally, prefer to enrich learning with fun or playful
approaches that engage students in active learning.

Although the pilot study tracked the basic effects of GET use across time, study 1 was
a within-subject experimental design that examined only immediate responses to motiva-
tional framing strategies (employing teamwork, friendly competition, and choice). As such,
future research building on these experiments can integrate the pilot and study 1 methodo-
logical approaches to test cumulative and long-term effects of positive motivational fram-
ing strategies and need satisfaction in gamified learning contexts. There is reason to believe
that students exposed to supportive motivational framing strategies would engage in more
learning over time, since repeating interesting tasks builds interest over time (Krapp, 2002;
Silvia, 2001). Repeated quizzes with the use of gamification may therefore result in a last-
ing interest (Topirceanu, 2017). The gamification literature, more broadly, would benefit
from such an approach, since most of the previous experiments last just one or very few
sessions (Boudadi & Gutiérrez-Colén, 2020; Sun & Hsieh, 2018). This study conceptual-
ized basic psychological need satisfaction as a spectrum from neutral to positive, but SDT
recognizes the difference between need satisfaction and need frustration, each with specific
implications for well-being and behavioral outcomes (Vansteenkiste et al., 2020). Addi-
tional research by Burguefio et al. (2023) has similarly shown that both satisfaction and
frustration are relevant for predicting learning and well-being outcomes in education. We
suggest that future research define both for a better understanding of experiential and moti-
vational predictors of need experiences.

Limitations

In the pilot study, the GET condition was different from the comparison condition; the
students not only used SRS but also the interactive whiteboard that is a necessary tool for
the SRS. Therefore, we could not isolate only the effect of SRS in the experiment. Having
this in mind, we used the interactive board and digital book in study 1 in all lessons before
introducing the conditions.

It is also worth noting that study 1 was conducted immediately after the reopening of
school and after a 6-month period of online lessons during the COVID-19 lockdown. The tim-
ing may have affected the results positively across all conditions, since the students were hap-
pier and felt refreshed returning to the classroom. It may have been that additional enthusiasm
enhanced the effects of GET on student outcomes. In this case, GET may be considered a pos-
itive education approach to help children combat distress or disinterest (Waters et al., 2021),
but more research is needed to examine its effects across life circumstances.

To expand on the current work, GET use needs to be tested alongside observational or
behavioral data, which can be used to triangulate and to seek convergent with self-reported
student responses as we used in these studies. Future work taking this approach can pro-
vide more robust evidence about the use of GET in relation to learning outcomes. Adding
to this, we should also mention that there was no external assessment to ensure the fidelity
of the pedagogical model in question in either study (Hastie & Casey, 2014) which should
also be considered in the future.
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Finally, we recognize that the reliability was lower in some measurements than some
recommend (Viladrich et al., 2017) (in particular, effort in the pilot study had «=0.64, and
interest in study 1 had a=0.69), but interpreting these findings, understandably, some see
a=0.60 as an acceptable benchmark (Cohen et al., 2011). We should consider in future
experiments that effects might be different, and possibly more robust, when using more
reliable measures.

Conclusion

The current research has provided a number of notable insights into the acquisition of Eng-
lish grammar and vocabulary by means of gamified experiential technology (GET) use to
enhance student academic well-being. Two in-class experiments showed that implement-
ing GET significantly enhances the learning environment. Furthermore, students are all the
more interested and willing to put some effort into the lesson when GET use is delivered
in supportive motivational framing strategies that satisfy basic psychological needs. Taking
it all together, technology use can enhance classroom experiences and even more so when
students experience choice, feel related to peers, and are encouraged to feel effective at the
tasks they undertake.
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