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Abstract: Current technological pedagogical content knowted@PACK) studies are
inclined to treat technology in a general mannehjctv may not be able to provide
adequate guidelines to improve teacher preparatiah professional development when
teaching with games. This study developed two dueshires, named technological
pedagogical content knowledge —Game (TPACK-G) ameé@tance of digital game-based
learning (ADGBL), to investigate 352 preschool tears’ TPACK-G as well as to assess
their attitudes toward game-based learning. Theltseshow that both instruments were
has satisfactory validity and reliability. Positivorrelations were found between the
factors between the TPACK-G and ADGBL. The framdwof TPACK-G proposed by
this study was supported, suggesting that an umbement is more general and
fundamental and the more specific knowledge faqi@RK, GPCK) build on the GK.
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1. Introduction
1.1 Games in Preschool Education

Kids love playing computer games (thereafter namgaohes in this study). Numerous
studies have pointed out that games, when desigragzerly, are able to foster students’
engagement and motivation toward learning [1][2hd a0 maintain high levels of
collaboration among children during game playing.hug, there is a clear need for
probing practitioners’ knowledge about teachingwgames. Current TPACK studies are
inclined to treat technology in a general mannarepk for studies related to Interactive
Whiteboard and science simulation [3]. The techgplgeneral approach may not be able
to provide adequate guidelines to improve teachegpagration and professional
development when teaching with games, which isegiip form of TPK.

1.2 Technological Pedagogical Content Knowledge-&&mrACK-G)

The present study suggests that teachers may hed&cthnological Pedagogical Content
Knowledge-Game (TPACK-G) while integrating gamewitheir teaching. Developed
from the ideas of TPACK [4], this study proposesiaitial TPACK-G framework as
consisting of game knowledge (GK), game pedagodicawledge (GPK), and game
pedagogical content knowledge (GPCK). The definitad GK refers to the knowledge
about general usage of games (e.g., knowing hoplay games, and having technical
skills to play digital games effectively). GPK iadwledge about how to use games with
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various pedagogical characteristics for teachinthaut specific reference to content
knowledge. An example is utilizing a game with abbrative features to promote players’
collaboration during the game playing. Last, GPGKknowledge of using games to
implement teaching methods for any targeted contemt instance, if one has sufficient
GPCK, he/she is capable of choosing appropriateegam enhance what he/she teaches,
how he/she teaches and what students learn inldkercom. The proposed framework
does not include the CK, PK, PCK as these knowlddgtors exclude the technology
dimension. It also excludes the TCK knowledge fadBames in the context of this study
are designed for edutainment. It inevitably corggprdagogical elements and it is unlikely
to be used for research. The exclusion of the faators is also with consideration of
designing a parsimonious questionnaire.

Figure 1 shows the framework of TPACK-G proposgdhis study. As shown, the
framework narrows down from GK to GPCK, suggestingt an upper element is more
general and fundamental and the more specific kenbyd factors (GPK, GPCK) build on
the GK. That is, in order to develop specific GPQ@Ke should first possess adequate
game knowledge and game pedagogical knowledge. eZsaly, if one has no idea about
games, he/ she may not have game pedagogical kuhgeylenot to mention having
sufficient GPCK.

Figure 1 The framework of Technological PedagogicaContent Knowledge-Game
1.3 Teachers’ Attitudes toward Game-Based Lear(WigGBL)

Playing games is generally considered as an unserativity. This has resulted in
underestimation of the educational potentials ahgs However, researchers have found
that both students’ [5] and parents’ perceivedi@l using games in the class can provide
opportunities for learning had positively impact thieir preference for games. Students’
preference for games, according to [5], is alsoitiy@ortant factor influencing the degree
to which students believe the effectiveness of game enhancing their learning. In
addition, some studies have found that experiente games [7], and attitudes toward
game-based learning are key features of directsighler acceptance of games. Studies [8]
also show that if teachers do consider games #snatge instructional tools, the chances
of meeting the educational goals as well as fatitiy students’ acquisition of any
academic skills or knowledge will increase. Basedh® aforementioned, it is reasonable
to hypothesize that teachers’ perceived learnimqgpdpnities that games offer, preference
for games, experience with games, and attitudeartbgame-based learning are essential
factors that guide their TPACK-G.

Game-based learning, whether or not it is compodésed games, is a welcomed
instructional strategy for young children. Howevthrere is currently a clear dearth of
studies with focus on investigating preschool teagh self-efficacy in game-based
learning, and in particular, in terms of their kedlge of game pedagogical content.
Undoubtedly, researchers and practitioners neeti sufiormation to improve teacher
preparation and professional development whiletaligiame-based learning has receiving
growing attention. Thus, the purposes of this stwdye to:
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1. \Validate two instruments modified from the previostsidies [5][9][10]. One was
based on the TPACK-G framework to investigate tlesghool teachers’ self-efficacy
regarding their TPACK-G. The other was to examihe f{reschool teachers’
acceptance of digital game-based learning.

2. Explore the relationships between the preschoathta’ perceived self-efficacy
regarding their TAPCK-G and their acceptance oitaigiame-based learning.

2. Methodology
2.1 Participants

The patrticipants for this study were 352 in-sertezachers selected from the preschools in
Taiwan. They were predominantly female, with 34&anses (97.2 %) versus 10 (2.8 %)
male, which is consistent with the percentage @sghnool teachers in Taiwan. Their
average age was around 39. Most participants mghdnbaving a Bachelor's degree
(61.1%) and 4.3% had a Master's degree. Their tegaxperiences were approximately
11 years on average (SD = 8.01). The participdimd, of all, filled in questions about
demographical information and then responded tontaen part of the survey (describe
below).

2.2 Evaluating teachers’ perceived self-efficacf PACK-G

A new questionnaire, named Technological Pedagbdimntent Knowledge-Game
(TPACK-G) survey, was developed to explore the ghiesl teachers’ self-efficacy
regarding TPACK-G. This instrument was adapted filohai et al.’s (in press) and Lee
and Tsai's (2010) survey items, including game Kedge, game pedagogical knowledge,
and game pedagogical content knowledge. The ingialvey consists of 24 items.
Description of the three scales is presented below:

1. Game Knowledge (GKpassessing teachers’ confidence in their knowleddew to
use digital games, such as “I can learn how tadigggal games easily.”

2. Game-Pedagogical Knowledge (GPKieasuring teachers’ confidence in their
knowledge of how digital games can facilitate pexdpcal approaches, such as ‘I
know how to use characteristics of digital gamesujoport teaching.”

3. Game-Pedagogical-Content Knowledge (GPCideasuring teachers’ confidence in
their knowledge of facilitating students’ learnimj a specific content through
appropriate pedagogy and digital games, such aarflselect games to use in my
classroom that enhance what I teach, how | teadwdmat students learn.”

2.3 Assessing teachers’ acceptance of digital ghased learning (ADGBL)

This instrument contains factors of learning oppoity, preference for game, experience

with games, and attitudes toward game-based legariiime first three were adapted from

Bourgonjon et al.’s (2010) survey items, whereaslaist factor was adapted from Lee and

Tsai’'s (2010) questionnaire. The initial instrumeonsists of 21 items. Description of

these factors with sample items was presented below

1. Learning opportunity (LQ)measuring the degree to which teachers belieaetlie
usage of games in the classroom can offer studkraisiing opportunities, such as
“Games offer opportunities for students to expergethings they learn about.”

2. Preference for games (PFQjeasuring teachers’ preference about using gartteei
classroom, such as “I am enthusiastic about usohgpwgames in the classroom.”
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3. Experiences with game (EWG3ssessing the amount of teachers’ experience in
games, such as “I play different types of digitahges.”

4. Attitudes toward Gambased learning (A)surveying the extent of the teachers’
agreement on using digital games in teaching, saiscHGame-based learning can
enhance students’ learning motivation.”

2.4 Data Analysis

The data analyses involve exploratory factor ansalySFA) and path analysis. For the
EFA, items that had initial loading below 0.50 ameére cross loaded were removed. The
validity and reliability of the survey were evaladtaccordingly. In addition, multiple
linear regression and path analysis were conduotéatther examine the relations among
the factors of TPACK-G and teachers’ acceptanatigofal game-based learning.

3. Results and discussion
3.1 Explanatory Factor Analysis of the TPACK-G #IGBL

The results of the exploratory factor analysistfe TPACK-G survey are shown in Table
1. By using principal component analysis as theaexibn method and the rotation method
of varimax with Kasier normalization, the partiaipsl responses were grouped into three
orthogonal factors: GK, GPK, and GPCK. The itemthvactor loading less than 0.50 and
with many cross loadings were deleted. The cunudatariances explained by the three
factors were 78.9 %. A total of 14 items were kepthe final version of the TPACK-G
survey. In addition, the respective reliability ffaéents (Cronbach’s alpha) were GK
(0.90), GPK (0.92), and GPCK (0.94). The overaliaf®lity coefficient was 0.95,
suggesting that this instrument is highly reliableassessing the sample of in-service
preschool teachers’ self-efficacy regarding the TRAG. As shown in Table 1, the
participants scored relatively high on the GPK adan average of 4.80 per item) and
relatively low on the GPCK (an average of 4.50 pem) scale. This reveals that the
preschool teachers in Taiwan tended to have leggence in their GPCK.

Table 2 shows the results of the explanatory amalpr the ADGBL. Similarly, the
ADGBL used a factor loading greater than 0.50 &iaining the items. All the 21 items
were kept in the final version of the ADGBL and fdactors were extracted. The total
variances explained are 81 %. The alpha coeffisieheach factors were 0.95, 0.93, 0.91
and 0.95, respectively for LO, EWG, PVG and ATTeTdverall reliability coefficient is
0.96, indicating a satisfactory level of internainsistency. As indicated in Table 2, the
results show that the participants attained rethtiviigh scores on the “Attitudes toward
GBL” scale (an average of 5.23 per item) and loaras on the “experience with games”
scale (an average of 3.75 per item). This resytlied that the targeted participants were
inclined to have favorable attitudes toward gamsebalearning but they might have
insufficient experience with games.
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Table 1 Rotated factor loadings, Cronbach’s alphaalues, factor means, and SDs for
the three factors of the Technological Pedagogic@lontent-Game (TPACK-G) survey

Factor 1 Factor 2 Factor 3
Factor 1: GK, alpha = 0.90, mean = 4.3 = 1.08
GK1 0.88
GK2 0.82
GK3 0.80
GK4 0.67
Factor 2: GPK, alpha = 0.92, mean = 4.89, SD = 1.12
GPK1 0.78
GPK2 0.77
GPK3 0.75
GPK4 0.75
GPK5 0.73
Factor 3: GPCK, alpha =0.94, mean = 4.50, SD = 1.22
GPCK1 0.85
GPCK2 0.85
GPCK3 0.78
GPCK4 0.72
GPCK5 0.71

Note Overall alpha: 0.95; and the total variance exgld: 78.9%.

Table 2 Rotated factor loadings, Cronbach’s alpha valueacfor means, and SDs for
the three factors of the acceptance of digital gatmesed learning (ADGBL) survey

Factor 1 Factor 2 Factor 3 Factor 4
Factor 1: Learning opportunities, alpha = 0.95, me&®.01, SD = 1.10
LO1 0.85
LO2 0.82
LO3 0.82
LO4 0.81
LOS5 0.76
LO 6 0.75
LO7 0.74
Factor 2: Experience with games, alpha = 0.93, meau75, SD = 1.41
EWG 1 0.90
EWG 2 0.89
EWG 3 0.87
EWG 4 0.82
EWG 5 0.66
Factor 3: Preference for games, alpha = 0.91, mehA2, SD = 1.41
PVG 1 0.71
PVG 2 0.65
PVG 3 0.64
Factor 4: Attitudes toward DGBL, alpha = 0.95, meah23, SD =1.10
ATT 1 0.86
ATT 2 0.85
ATT 3 0.83
ATT 4 0.82
ATT5 0.79
ATT 6 0.78

Note Overall alpha: 0.96; and the total variance exgld: 81%.
3.2 The correlation between TPACK-G and ADGBL

The Pearson correlation coefficients between th&dWRG factors and the ADGBL

factors were calculated to explore the relatiortsvben the teachers’ TPACK-G and their
ADGBL. As shown in Table 3, all the factors of TPR& were positively correlated to
those of ADGBL with statistical significance. In raparison with other factors of
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ADGBL, the TPACK-G factors were highly correlatedlwATT (attitudes toward game-
based learning). Especially, GPK was highly coteglavith ATT (r = 0.57p <0.01). This
finding implies that the more positive attitudes freschool teachers have toward digital
game-based learning, the more confidence they naag In their game pedagogical
knowledge.

Table 3 The correlations among the factors betweethe TPACK-G and ADGBL

Learning Experience with Preference for Attitudes toward
opportunities game games DGBL
GK 0.40° 0.48° 0.43 0.50°
GPK 0.49 0.48" 0.50" 0.57
GPCK 0.43 0.52" 0.50" 0.51

**p<0.01.
3.3 Path analysis

To explore the roles that teachers’ ADGBL in th€RPACK-G, this study utilized the
multiple linear regression and path analysis temmito examine the relationships
between these variables. The ADGBL factors weresidened as predictors, while the
TPACK-G factors were viewed as outcome variabled there respectively entered to
predict GPCK. A collinearity analysis was perforntedexamine whether there was any
multicollinearity problem among the predictors inetregression model. The results
showed that all the VIF (Variance Inflation Facteglues were around 2, suggesting no
multicollinearity issue in the models [11]. The nebdndicates several significant
associations between the factors in the TPACK-Gthase in the ADGBL (See Figure 2).
First of all, “Experience with games” and “Attitudeward DGBL” could significantly
explain the outcome of GK3(= 0.38,p < 0.001, an@ = 0.41,p < 0.001). The preschool
teachers who had more experience with games and pusitive attitudes toward digital
game-based learning would have more confidencehair tgame knowledge. Second,
“Learning opportunity”, “Attitude toward DGBL” andsK had significantly positive
influence on GPK[{ = 0.11,p < 0.05;p = 0.19,p < 0.001;p = 0.53,p < 0.001). This
finding reveals that the teachers who had more dgam/ledge, more positive attitudes
toward digital game-based learning, and strongeliefoghat games can provide
opportunities for learning appeared to have mor&.GFhird, both “Experience with
games” and GPK exert a significantly positive impaec GPCK p = 0.17,p < 0.01;8 =
0.59, p < 0.001), indicating that the teachers’ GPK andirttexperience with games
contribute to their GPCK.

Learning

opportunity \O " GPCK

Experience with sk
games 70.38%** 0>

\
Preferences for /
games

0.41*** 0.19***

Attitudes V

toward DGBL

Figure 2. The structural model between TPACK-G andADGBL.
*p < 0.05; **p < 0.01; ***p < 0.001.

GK | _gs3*+ral GPK
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5. Implications

The framework of TPACK-G proposed by this study waamined and supported, which
suggests that GK is more general and fundamentltila® more specific knowledge
factors (GPK, GPCK) build on the GK. This sequemaplies that, instead of diving in
ways of promoting preschool teachers’ GPCK durirrgfgssional development, an
instructor should first help to acquire adequateoam of game knowledge and game
pedagogical knowledge in order to develop speGRCK. In addition, while facilitating
development of GK, critical factors also includes@nattitudes toward digital game-based
learning as well as experience with games. Peopexerences for games may not
necessary contribute to their game knowledge. Eurthhile developing GPK, in addition
to GK, how one believes that the usage of gamebenclassroom can offer students’
learning opportunities may guide their GPK. Thusjsi essential to offer cases, for
instance, to convince practitioners that gamesemome legitimate instructional tools.
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