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Abstract

Aim: To investigate the use of game-based learning (GBL) to enhance students’ expe-
rience of the flipped classroom (FC) in dental education.

Materials and Methods: Students participated in three sessions organised as FC,
implemented either as conventional FC or FC augmented with the GoDental! game.
In the pre-class phase, sessions 1 and 2 were organised as instructor-made video
lectures, plus a questionnaire. These activities were supplemented with the individ-
ual development of questions and answers for the game in session 3. In the in-class
phase, group and plenary discussions were used during sessions 1 and 2 and were
replaced by game activities in session 3. Perceptions of session 3 compared to that
of sessions 1 and 2 were explored via a questionnaire with both open-ended and
Likert-scale items.

Results: Most students (29, 97%) perceived the FC session augmented with the
GoDental! game as enjoyable. The game augmented session was perceived as more
enjoyable compared to the conventional FC sessions. Students agreed that GBL
augmented FC compared to conventional FC increased engagement (25, 83%), mo-
tivation (24, 83%), their integration in the social environment (23, 77%) and concen-
tration (22, 73%), helped them learn more about the topic (24, 80%) and was a good
learning method (25, 83%). There was a positive correlation between the degree of
enjoyment and concentration and the feeling that the game helped them learn more
about the topic.

Conclusion: Game-based learning augmented FC proved to enhance students’ ex-
perience, resulting in increased enjoyment compared to the conventional FC setup.
Future studies should explore whether the use of GBL in FC has the potential to
increase examination performance.
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1 | INTRODUCTION

1.1 | Background and aim of the study

The flipped classroom method has been widely used in higher edu-
cation to foster student-centred Iearning.1 This method has also been
broadly implemented in undergraduate dental education with relative
success.? Recent research in higher education indicates that the expe-
rience of the flipped classroom method can be enhanced by combining
it with game-based learning techniques.®? The current study aims to
investigate the use of game-based learning to enhance students’ ex-
perience of the flipped classroom in undergraduate dental education,
referring to the first level of Kirkpatrick's evaluation model, that is, re-
action to the new experience.®” The working hypothesis was that the
use of games in the flipped classroom enriches students’ experience.

1.2 | Flipped classroom

Flipped classroom (FC) is defined as a set of pedagogical approaches
that (a) move most information-transmission teaching out of class,
(b) use class time for learning activities that are active and social,
and (c) require students to complete pre- and/or post-class activities
to fully benefit from in-class work.® As such, FC is an instructional
method that engages students in the learning process.” It has been
advocated that the FC method motivates students to learn and is
more effective compared to only face-to-face or only online teach-
ing.s’10 In dental education, a recent scoping review concluded that
FC improved students’ satisfaction in the majority of the studies,
while its effect on academic scores, particularly for skill develop-
ment, needed more research.?

Based on where they take place, two types of activities can be
distinguished in the FC model of teaching and learning: out-of-class
and in-class. Based on chronological order, the out-of-class activities
can be further divided into pre- and post-class activities. Pre-class
activities focus on concept exploration and meaning making. These
activities can take a variety of forms, from instructor-made video
and audio lectures to printed/online readings, quizzes and chats.
This phase of FC allows self-regulated student learning. In-class ac-
tivities focus on reflection, discussion and argumentation. These ac-
tivities can also take various forms, from discussions to experiments
and hands-on activities.™

1.3 | Game-based learning

Using games in education has the potential to enhance the players’
engagement and thus increase their willingness to learn, support-
ing the acquisition of knowledge.u'13 The primary characteristic of
game-based learning (GBL) is that learning materials are integrated
into the gameplay to stimulate motivation and problem-solving
skills in learners.* Games used in GBL activities can be commercial

off-the-shelf (COTS) (and modification of these) or serious games.

The latter are games in which education (in its various forms) is
the primary goal, rather than entertainment.’® These can be built
by learners and/or educators/developers. Games used in GBL can
be computer games or non-computer games (ie analog games), with
or without computer support. Based on the game mechanism, the
non-computer games can be further divided into six categoriesléz
dice and luck, outlay games, thinking games, quiz-/communication
games, role-play games and simulations, and dexterity games.

A recent rapid review regarding the impacts of serious games
on healthcare and dental education!” concluded that serious games
were engaging and improved learner satisfaction but stressed that
these remain under-researched and under-utilised (only eight studies
in dental education published between 1975 and 2016 were iden-
tified as using serious games). The limited research available indi-
cates that while both traditional didactic methods and gaming have
been successful in increasing student knowledge, the use of games
generally enhances student enjoyment and may improve long-term
retention of information.'® Further research evaluating educational
games among health professionals or those in postgraduate train-
ing concluded that games were not superior compared to traditional
teaching methods in knowledge acquisition. However, the level of

reported enjoyment was higher in the GBL group.'?

1.4 | Games as part of the flipped classroom model

Trying to draw on the advantages of both approaches, educators
have tried to embed GBL into the FC method. However, only a few
studies have explored this practice.” Games can be used in any of
the three parts of the FC: pre-class, in-class or post-class.11 A recent
scoping review of the use of GBL in FC indicated that the results
presented in the articles included in their study were positive and
supported the argument in favour of the efficiency of the combina-
tion of FC and GBL.? In dental education, the use of FC combined
with GBL seems scarce, with only two such practices identified by
a recent scoping review.?2 These two examples used quizzes as a
pre-class self-evaluation tool to assess readiness for class,>?° with
one of them using quizzes also as a post-class activity.?® This cur-
rent study diversifies the use of FC and GBL in dental education by
experimenting with a game setup that includes game activities cov-
ering both pre- and in-class phases of FC. The study assesses stu-
dents’ perception of the GBL enhanced FC session compared to the
non-GBL (or conventional) FC sessions, with particular focus on self-
reported motivation of being in class, engagement, concentration/
focus, feeling more integrated in the social environment of the class,
and improved learning. The game that was used, that is, GoDental!, is

described in Section 1.5.

1.5 | GoDental!

GoDental! is an adaptation for dental education of the seri-

ous game Go'n’Fish—Fishing for Knowledge, developed at the
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Norwegian College of Fisheries Science, UiT The Arctic University
of Norway.?! The Go'n’Fish—Fishing for Knowledge is a knowledge
game that can be adapted to any kind of knowledge domain. For
the purpose of this study, the questions of the game were formu-
lated from the knowledge domains of dental education. In order
to increase the game's visual appeal to the dental education stu-
dents, a tooth was displayed in the middle of the game board in-
stead of the water bubbles from the original design. In addition, to
fit the context of dental education, the game's name was changed
from Go'n’Fish to GoDental!

The GoDental! game is played in three consecutive phases. In
phase 1 (the "make questions" phase), an individual activity that
takes place outside the class, students formulate questions and an-
swers from four knowledge domains indicated by the teacher for
four categories of game questions. The teacher checks the ques-
tions and ensures that they are fit for purpose. Further, the teacher
supplements these knowledge questions formulated by students

with practical and fun-still-serious questions for the fifth category

.

FIGURE 1 Instance of playing GoDental!. Picture by @rjan
Garfijell.
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of game questions. In phase 2 (the "answer questions" phase), stu-
dents, divided into small groups, answer the questions in class based
on throwing dice and moving pawns on a game board inspired by
the popular game “Trivial Pursuit” (Figure 1). Players may bring with
them any study material (eg books, notes, laptops), but they are not
allowed to check this material during their turn to answer a question.
The decision if the given answer is correct or not is taken by the
player's group, who can check the material to search for the right an-
swer. When decisions cannot be reached through discussion within
the group, the players can ask the teacher for advice. This second
phase is completed when one of the players reaches the tooth sym-
bol in the middle of the game board. In the third phase (the "debrief-
ing" phase), the teacher debriefs the game by reinforcing learning
through discussion and reflection and avoiding false learning by pro-
viding the right answers to the questions used in phase 2.

2 | MATERIALS AND METHODS
2.1 | Participants and knowledge topics

The study was performed at UiT The Arctic University of Norway
(Tromsg, Norway) in the spring semester of 2017. The sixth semes-
ter integrated Norwegian master programme students in dentistry
(N = 35) and second semester Norwegian bachelor programme stu-
dents in dental hygiene (N = 15) attended the same three teaching
sessions as part of the teaching module in cariology. The first two
sessions (sessions 1 and 2) were on the topics of de- and reminerali-
sation of the dental hard tissues and histopathology of dental caries,
respectively. The third session (session 3) was on the topic of strate-
gies for caries control, in addition to a recap of the topics covered
during the previous two sessions. The attendance was not obligatory
and the number of students varied in each session. A summary of

participants and knowledge topics can be found in Table 1.

TABLE 1 Description of the participants and knowledge topics of the three teaching sessions in dental education included in this study

Subject Session 1

Set up Conventional flipped classroom
Module Cariology

Students Dental and dental hygiene students

Number of students
Registered in the module 50 (100%)
Registered for class Not applicable
Present in class Not recorded
Filled-in evaluation form 44
Topics covered in pre-class De- and remineralisation of the
phase dental hard tissues

Topics covered in in-class De- and remineralisation of the
phase dental hard tissues

Session 2

Conventional flipped classroom

Session 3

Game-based learning augmented
flipped classroom

Cariology Cariology

Dental and dental hygiene students Dental and dental hygiene
students

50 (100%) 50 (100%)

Not applicable 38

Not recorded 37

28 30

Histopathology of dental caries

Histopathology of dental caries

Strategies for caries control
Recap of the previous two topics
Strategies for caries control

Recap of the previous two topics
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* Small group

* Answer game questions
in small groups

FIGURE 2 Flipped classroom set up
of the three dental education sessions

discussion * Debriefing game in presented in this study (modified after 5)
* Plenary discussion plenary
v —
— —
— T
- ——

IN-CLASS
o
OUT-OF-CLASS Time
/ \‘ Conventional flipped classroom
* Videos * Videos (Session 1 and Session 2)
* Questionnaire * Questionnaire
* Make game Game-based learning augmented
questions and answers flipped classroom (Session 3)

2.2 | Flipped classroom setup

The FC setup for the three sessions is visualised in Figure 2. The

students were not engaged in FC before.

2.2.1 | Pre-class phase

Conventional

The first two out of three sessions (sessions 1 and 2) were run
in a conventional FC setup. During the pre-class phase of these
sessions, three to four instructor-made video lectures (length:
3-18 minutes) were uploaded on Fronter, the digital learning man-
agement system used by the university at that time, together with
a questionnaire that included up to 20 open-ended questions
covering each knowledge topic that was discussed in the videos.
Students were asked to watch the videos and answer the ques-

tionnaire individually.

With game-based learning

The third teaching session (session 3) was run in a GBL augmented
FC setup. The students were informed that they would be playing a
game during this session and that the game would start with them
formulating questions and answers from the knowledge topics cov-
ered in the previous two sessions and the new topic covered in the
videos and questionnaire available for the third session. Students
were asked to prepare questions and answers from each of the
knowledge topics and send them to the teacher, with a submission
deadline of 16 days. They were extrinsically motivated by a prize for
sets of minimum 10 questions and answers. Six students submitted
questions and answers, all of them being sets of minimum 10 items.
The teacher revised the questions and, subsequently, used them in
the in-class phase together with a set of questions prepared by the

teacher.

2.2.2 | In-class phase

Conventional

During the in-class phase of the first two teaching sessions, students
were divided into small groups (the size depended on the total num-
ber of participants in the class and varied between three and six) to
discuss the questionnaire questions (2-3 questions per group). After
the discussion in small groups, which on average took 15-30 minutes,
the questionnaire questions served as a basis for a plenary discus-
sion, where each group had to cover two or three given questions.
The members of the other groups were invited to supplement the
answers and express their opinions. The answers were subsequently
clarified by the teacher. Towards the end of each session, students
were asked to fill in an anonymous paper-based feedback form
where they could indicate three aspects each for what they liked and
did not like during the session, evaluate their overall enjoyment (ona
5-point Likert scale), and suggest how to improve the session. Each

of the two sessions took two academic hours (ie 90 minutes in total).

With game-based learning

Students were asked to register for participation in the in-class phase
of the third session, in order for the teacher to know how many game
sets had to be prepared. Students were extrinsically motivated to
participate in this phase, as they were offered free coffee/tea and
pancakes, in addition to the prizes for winning the game (one prize
per player group).

During the “answer questions” phase of GoDental!, students were
seated in the same room, in a different building than the one used
during the first two teaching and learning sessions included in this
study. During this phase, two teachers ensured that all players knew
and understood the game rules, enforced rules and supported en-
gagement, thus acting as game masters.?2 A maximum of four stu-
dents could play on one game board. The GoDental! objectives and

rules were presented and subsequently, the students began playing
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TABLE 2 Number of students (%)
responding to the question “How much
did you enjoy the teaching session?” on

a scale from 1, meaning “not at all”, to 5,
indicating that “the session was excellent”

session: scale1-5
5
4
3
2
1

Left blank

How much did you enjoy this

WILEY-->

Session 1, Session 2*,“ Session 3
N = 44 (%) N =28 (%) N =30 (%)
7 (16) 4 (15) 17 (57)

30 (68) 18 (64) 12 (40)

7 (16) 5(18) 1(3)

- 1(3) -

Note: The number of filled-in feedback forms varied in each session.

*P < .05 according to Likelihood Ratio between session 1, session 2, and session 3.

**P > .05 according to Likelihood Ratio between session 1 and session 2

the game by rolling the dice, answering questions and moving the
pawns on the game board. This phase of the game took 60 minutes.
After a short break, a 20-minute long “debriefing” phase began. At
the end of this phase, the students were asked to fill the paper-based
feedback forms. In addition to the four questions asked in the previ-
ous two sessions, students were asked to answer questions designed
to explore their perceptions of the game, in comparison with the pre-
vious two FC sessions. These questions were formulated based on
previous studies on GBL (including research in dental education) that
indicated that the use of games increased motivation, engagement,
concentration, feeling of integration in the social environment and
learning in general (eg 17,23-27). Thus, the students were asked to
think of the GBL and FC session in comparison with the conventional
FC sessions and indicate on a 5-point Likert scale their agreement
with the given statements: playing the game increased their motiva-
tion of being in class that day, their engagement, and concentration
and helped them being more focused in class, helped them feel more
integrated in the social environment of the class and learn more about
the knowledge topics. Furthermore, students were encouraged
to express their opinion if they agreed (on the same 5-point Likert
scale) that playing this type of game was a good learning method for
this kind of topic; that without having played the game they would
not have learned so much about the knowledge topics; and if the
students would like to play more games (similar with GoDental! but
also different kinds of games). Students were also asked to give any

comments if they wished so.

2.3 | Analysis
2.3.1 | Quantitative

The answers of all students were transferred from feedback forms
to an Excel file and analysed descriptively. Likelihood ratio and
Kendall's Tau correlation tests in Statistical Package for the Social
Sciences (SPSS) version 26.0 (IBM SPSS) were used to compare
students’ enjoyment in the three sessions and correlation between
given statements and the degree of enjoymentin session 3. The level

of significance was set at P < .05.

2.3.2 | Qualitative

Students' responses to the qualitative questions included in the
feedback forms were analysed through coding and development of
thematic topics. Coding is the process of categorising and organis-
ing information into a meaningful framework.?® The term coding
refers to the process of reading the data and dividing them into
meaningful analytical units that are marked with a descriptive word
or a category name. The coding activity was driven by the data,?’
which means that codes were created by the researcher while in-
specting the data, in contrast to, for example, using a pre-existing
set of codes that had been developed a priori to the analysis. Codes
were organised under thematic topics and representative quotes
were extracted.

3 | RESULTS
3.1 | Quantitative

Out of the total 50 students, 26 dental and 12 dental hygiene stu-
dents registered to participate in teaching session 3, that is, the
GBL augmented FC. Of these, 30 (79%) students filled-in evaluation
forms after teaching session 3. The highest number of filled-in evalu-
ation forms was received after teaching session 1, conventional FC
(Table 1).

Most students (29 students; 97%) enjoyed the GBL augmented
FC session (4 and 5 on a scale from 1 to 5). The GBL augmented
FC session was statistically significantly more enjoyable than the
conventional FC sessions 1 and 2, while there was no difference in
the degree of enjoyment between conventional FC sessions 1 and
2 (Table 2). Most students agreed (4 and 5 on a scale from 1 to 5)
that the GBL augmented FC session, compared to conventional FC,
increased their motivation of being in class (24 students; 83%), en-
gagement during the class (25 students; 83%), and concentration/
focus during the class (22 students; 73%) and helped to be more in-
tegrated socially in class (23 students; 77%) and in learning more
about the topic (24 students; 80%) (Table 3). Students agreed that

this type of game was a good learning method for this kind of topic

[0202/80/L0] 18 [995T 103/ T11°01/4Pd3/10p/ - LTO L8O THT 6T - 3O ANsiaatun ondry ay [ 1N ] Aq pautig



BORIT ano STANGVALTAITE-MOUHAT

* L wiLEY

Statement/Degree of

agreement 1 2 8
Playing the game increased - 1(3) 4(14)
my motivation of being in
class today
Playing the game increased - - 5(17)
my engagement in class
today
Playing the game increased 1(3) - 7 (23)

my concentration/ helped
me being focused today

Playing the game helped me - 1(3) 6 (20)
feeling more integrated in
the social environment of
the class

Playing the game helped me 1(3) - 5(17)

learn more about the topic

Playing this kind of game is - 2(7) 3(10)
a good learning method for
this kind of topic

Without having played the 2(7) 3(10) 16 (55)
game | would have not
learned so much about the
topic

| would like to play more - 1(3) 2(7)
games during the semester

TABLE 3 Number of students (and
percentage) on agreement to the given

5 .
statements when comparing game-based
15(52) 9(31) learning augmented flipped classroom
session with conventional flipped
classroom on a scale from 1 to 5, where
12 (40) 13 (43) 1 means “l do not agree at all” and 5 “I
completely agree”
12 (40) 10(33)
14 (47) 9 (30)
11 (37) 13(43)
6(20) 19 (63)
4 (14) 4 (14)
8(28) 18 (62)

Note: The total number of answers is different for each statement due to missing data.

(25 students; 83%) and stated that they would like to play more
games similar to this one, along with other different kinds of games,
during the semester (26 students; 90%) (Table 3).

The enjoyment of session 3 had a positive correlation with con-
centration during the class, the perception that the game helped
them learn more, and the agreement that the game was a good way
to learn, and they desired to play more games (Table 4). There was
a strong positive correlation between the increased motivation of
being in class and engagement, concentration, and the feeling that
the game helped them learn more about the topic. Further, the
perception that the game helped them learn more about the topic
correlated positively with the increased motivation of being in class,

increased concentration and enjoyment (Table 4).

3.2 | Qualitative

The qualitative results obtained from the feedback forms provided
some insight into students’ motivational perspectives in relation to
the different activities included in the three FC sessions.

For the first session, organised as conventional FC, three main
“most liked” themes were identified (with equal importance): avail-
ability of videos, the questionnaire and the teacher. The main
“least liked” themes were (in descending order) as follows: diffi-
culty of participation in discussions in plenary and the discussions

went too fast.

For the second teaching session, organised as conventional FC,
three main “most liked” themes were identified (in descending order):
small group discussions, visualisations and the teacher (the last two
were of equal importance). The main “least liked” themes were (in
descending order) as follows: too much time for group discussions
and too much repetition. After this session, enthusiastic feedback
was received when asked if they had any other comments: “I'm really
happy about having access to videos and testing questions. Also, to
discuss our answers in groups” and “All cariology sessions should be
organised in this way, not only yours!” (this idea was repeated several
times by different students). Several students also commented that
the time for watching the videos should be included in the formal
schedule of the module.

During the third session, organised as GBL augmented FC, four
main themes were identified within the responses to be the “most
liked” question and two main themes for the “least liked” ques-
tion. The main “most liked” themes were (in descending order) as
follows: fun, small group discussions that facilitated participation,
food and prizes, and a lot of learning. The main “least liked” themes
were (in descending order) as follows: lack of time for answering
more questions and various complaints about the questions (too
difficult, too simple, too similar). After this session, enthusiastic
feedback was received when asked if they had any other com-
ments: “I love this teaching method!,” “It was the best repetition
session | ever had!,” and “You can come to school unprepared and

still learn a lot.”

[0202/80/L0] 18 [995T 1303/ T11°01/4Pd3/10p/ - LTO L8O THT 6T - IO ANsiaatun ondry ay [ 1N ] 4q pautig



W[LEY—I—

Printed by [Uit The Arctic University Of - 129.242.087.027 - /doi/epdf/10.1111/eje.12566] at [07/08/2020].

“JUBD1JIUSIS JOU ‘SN :UOIIeIARIGAY

1000 191s2Was
6650 ay3 Sulinp sawesd aiow Ae|d 03 31| p|noMm |
21d0} 9y3 IN0ge yonw os pau.es| Jou
SN SN dAeY p|jnom | swes ayj paAe|d SuiAey INOYHAA
1000 T000°0> 00 21d0] Jo puly Sy} 10 poyrsw
¢85S0 8€9°0 ove0 Sujuies| poosd e si swes jo pupy siy} Suiheld
€100 ¢000 €200 10000~ J1doy ayy
6C°0 [44°K¢) 9LE0 v/LL0 jnoge ajow used| sw padjay swed ay3 3ulheld
sse[d
8000 9U3 JO JUSWUOIIAUS |BID0S 93U} Ul pajesdajul
SN SN SEY0 SN SN 2Jow 3ul@a) sw pad|ay swes ay3 Sulhe|d
00°0 1000°0> 8500 000 ¥00°0 Aepoj pasnaoj 3ulaq aw pad|ay
L6¥°0 6890 01€0 0L¥'0 i7A40 SN /u0l1ei1uadU0d Al pasealoul swes ay3 Sulheld
8000 1000 Aepoy sse|d
SN 1224¢ SN SN SN SN 8250 ul Juswade3us Aw pasealdul swesd sy Sulheld
¢s0°0 L10°0 6000 8100 1000 10000~ G100 Aepoy ssejp ui 3ulaq
LE€°0 170 T€V°0 76€°0 9€5°0 SN 9190 00 Jo uopeAijow Aw pasealoul swes ayj Sulhe|d
;UOISS9S  19)SaWaSs 3y} s1doy J1doy a1doy ayy sse|d Aepoj pasndoy  Aepoj ssed ul juswaa.Se Jo 93189 g/Iuswalels
Suiyoeay  Suunp ssweS8  ayjjnoge yonw JO pupy siyy jnoge aiow 9Y3 JO JUBWIUOUIIAUD Sulaq sw padjay jJuswasesua
ay3 Aofua aiow Aeid 0y 0s pauJes| jou 10} poyjaw ules| aw |e120s ayj ul Juoljesjuasuod  Aw paseaJdul
noA pip 1| p|nom | aAeY p|nom | Sujuaes) padjay swes pajesSajul alow Aw paseasnul swes ay3
yonw MoH awes ayj) pakeld poos e s| ay3 Sulheld 3ui99) sw padjay awes ayj Sulhe|d 3uikeld
Suiney InoypA awes Jo pupy awes ayj Suihe|d
siyz Sulded

BORIT anp STANGVALTAITE-MOUHAT

LJUD||92X3 Sem uoIssas ay3, /,2913e Ajg3s|dwod |, G pue ||e
Jejou,/,||e1e 9a43e jou op |, Suesw T aJaYM ‘G 03 T WO.) 9|eds e U0 Wwoolsse|d paddil) [BUOIJUSAUOD YIIM UOISSSS WooJusse|d paddily pajusw3ne Suiuies| paseq-swesd 3uliedwod usym ;UoIssas
Suiyoeay ayj Aofua noA pip yonw moH, uoiysanb ayj 03 asuodsal pue sjuswalels UaAl8 ayj 03 JuswaaJie Jo 92489p ay3 Usamiaq anjeA-d pue JualdI}J90d UO[Ie|91I0D NE S,|lepudy # J19VL



BORIT ano STANGVALTAITE-MOUHAT

8
* L wiLEY
4 | DISCUSSION

Dental education worldwide is increasingly including many student
active teaching methods, with FC being only one of them. With other
disciplines trying to enhance students’ experience of this teaching
method by including GBL elements (eg software engineering,3°data
science,* English Ianguage3), this study explored this approach in a
dental education context, with the working hypothesis that GBL en-
riches student experience in FC. In this study, there were statistically
significantly more students who rated their enjoyment higher after
the GBL augmented FC session compared to conventional FC ses-
sions (P < .001). These results confirm our working hypothesis and
are in line with previous studies about using GBL in FC, where higher
ratings for satisfaction with the GBL augmented FC were statisti-
cally significant in the group involved in a FC with GBL compared to
the group involved in conventional FC learning (P < .001)‘3

In this study, four out of five students reported that GBL aug-
mented FC session, compared to the conventional FC sessions,
increased their motivation of being in class and their engagement
during the class. The motivation of being in class positively correlated
with increased engagement, concentration and the perception that
playing the game helped them learn more, while engagement during
the class positively correlated with increased concentration and the
desire to play more games during the semester. Participation in a
class activity, even if passive, seems to increase learning outcomes
and benefits especially for the students with lower academic per-
formance.®! As one of the participants in our study explained, in the
context of GBL augmented FC, “you can come to school unprepared
and still learn a lot.” This statement also raises the pertinent issue of
student preparedness during pre-class phase and utilisation of on-
line resources. However, it is not possible to control for student pre-
class preparedness, as attending lectures (which might have been
considered by the students to correspond to the pre-class phase in
FC) is not mandatory in this programme, while attending seminars
(which might have been considered by the students to correspond to
the in-class phase in FC) is obligatory.

In this study, four out of five students reported that playing the
game helped them learn more about the topic, and this correlated
to increased concentration and enjoyment. This perception might
have been facilitated by the GoDental! rules, which reinforced the
achievement of the intended learning outcomes through repetition
of knowledge material and reflection over it (preparing questions
and answers, answering the questions, judging answers to ques-
tions, during debriefing) and through discussions (judging answers
to questions, during debriefing). GoDental! is a quiz/communication
type of game,® and such type of games have been used previously
in the context of GBL augmented FC* However, the GoDental!
rules make the game go beyond addressing simple recollection of
knowledge, as they encourage reflection and thorough group dis-
cussion. As one of the students reported during the GBL augmented
FC session, “when we play, everybody needs to participate—no one
can hide.” In addition, GoDental! provided several opportunities to

recap the topics in different settings (individually, in small groups,

in plenary). Working in small groups was liked in both sessions 2 and
3, but the responses from session 3 provided more insight into why
this was the case. It seems that the GoDental! play mechanics (a)
“forced” all players (ie students) to participate, not allowing anybody
to “hide”; (b) facilitated discussion flow; (c) facilitated co-creation of
knowledge, as players had to explain their answers to the group, and
the group had to explain the “correct/wrong” verdict to the player
(as one student formulated, “[I liked] the collaboration in completing
each other's answers”). In total, 90% of the students expressed that
they would like to play more games during the semester.

In this study, 73% of the students reported that the GBL aug-
mented FC increased their concentration in class or helped them
focus more. Increased concentration in class positively correlated
with learning more about the topic, the desire to play more games
during the semester, and enjoyment of the session. These results are
in line with previous studies about using GBL in FC, where higher
ratings for attention during a GBL augmented FC were statistically
significant in the group playing the game (P < .001).8

Even though the feedback form was constructed based on the
previous research on the use of games in higher education, the form
was not validated. However, there was a statistically significant
correlation between the negative control question (without hav-
ing played the game | would have not learned so much about the
topic) and the positive question (playing the game helped me learn
more about the topic), in addition to similar correlations between
these two questions with the questions about increased motivation
and engagement. Thus, it is reasonable to believe that the instru-
ment measured what was intended to be measured at a satisfac-
tory degree. Moreover, students were asked to evaluate session 3
as a whole session (ie both pre- and in-class phases). However, it
was not possible to measure how much of an emphasis the students
placed on each of these phases when filling the feedback forms.
Considering that the pre-class phase was implemented almost in
the same manner (videos and questionnaire, and only six students
formulated game questions and answers in this phase), it might be
possible that students referred in their feedback only to the in-class
phase of the third session (ie the “answer questions” and “debriefing”
phases of the GoDental! game). Nevertheless, the main “most liked”
aspects of session 1, videos and questionnaires, were not mentioned
in the feedback form filled in after session 3. This might be because
either answering questions in a game setting really took precedence
or the students filled the form considering only the in-class phase of
session 3 and not the entire session. Feedback questions in future
studies could be more explicit about these aspects and remind the
students that the third questionnaire does not refer to only the in-
class phase of the game augmented FC.

Furthermore, the participation in any of the three teaching and
learning sessions was not mandatory, and out of 50 registered stu-
dents in the module, 44 and 28 students filled the feedback forms
after attending the in-class phase of sessions 1 and 2, respectively. In
addition, the number of participants in those in-class phases was not
recorded, and it was not mandatory to fill the feedback forms. For

session 3, 38 students registered to participate in the in-class phase,
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but only 30 students filled the feedback forms. Moreover, some stu-
dents who registered did not participate, and some joined the ses-
sion without registering. It is possible that the students who filled
the feedback forms in session 3 actually did not participate in any of
the previous two sessions. Therefore, selection bias might have been
introduced. Further, connecting individual students’ feedback from
all three sessions could allow analysis on the individual level, which
may provide a deeper insight into the students’ perception of GBL
augmented FC compared to the conventional FC sessions. However,
the setup of feedback collection in this study does not allow for fol-
lowing an individual student through the three sessions. Moreover,
it was not possible to identify if the response was of a dental or a
dental hygiene student, assuming that differences in students’ back-
grounds may affect their perception.

During session 3, one student who submitted 10 questions in
the pre-class phase and the winners of each player group in the
in-class phase were rewarded with prizes. In addition, in the in-
class phase, students were offered coffee/tea and pancakes. No
incentives were offered during sessions 1 and 2 (ie conventional
FC). Rewards might have increased enjoyment and satisfaction,
and thus, they could have influenced students’ perception of ses-
sion 3.%? Simultaneously, rewards could have distracted students
from the learning objectives.33 However, the perception of the
participants in our study was that, compared to conventional FC,
playing the game helped them learn more about the topic. It cor-
related to the increased motivation of being in class, increased
concentration and enjoyment, thus indicating that the rewards
were not perceived as distracting. Further studies could confirm
this self-reported increased learning through an evaluation of ex-
amination performance, that is, other levels of Kirkpatrick's evalu-
ation model, namely learning and results.

Even though the evidence from research shows that the FC
approach is overall well perceived by teachers and learners, the
objective learning outcomes of using this method are not widely in-
vestigated. 343> A recent study comparing two cohorts of students
exposed to conventional and FC teaching concluded that FC ap-
proach in undergraduate dental education improved immediate, but
not the end of the course evaluation. Our study compared GBL aug-
mented FC with conventional FC, but only the self-reported reaction
to experience of the students was evaluated, and no measurement
of learning and results, such as objective learning and examination
performance, was included.

Several students commented in the feedback forms filled after
sessions 1 and 2 that the time for watching the videos should have
been included in the formal schedule of the module. This might in-
dicate the perceptions of increased workload in an FC setup, as re-

ported in previous studies. 3¢

5 | CONCLUSION

Embedding GBL activities within the FC method proved to im-

prove students’ enjoyment in the context of our study. Compared

WILEY--

to a conventional FC setup, the GBL enhanced implementation of
FC seemed to have provided more opportunities for engagement
in class, motivation of being in class, and helped students learn
more about the topics (all these are self-reported perceptions).
These perceived benefits of GBL are in line with previous studies
on the effectiveness of GBL in higher education. Based on the
results of this study, it can be suggested to include GBL activities
in FC, especially in the in-class phase, in order to augment the po-
tential of this student active method for improved educational ex-
perience of the students. Further studies should explore whether
the use of GBL in FC has the potential to increase examination

performance.
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