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Abstract

To provide a diverse comprehension of teacHé?PACK (Technological,
Pedagogical, and Content Knowledge) and how TPACHeflected in practice, this study
examined teacher educators' (TEs') conceptiorscbhblogy integration. Specifically, the
main objective of the study was to investigateftimtors influencing Nigerian teacher
educators' technology integration using a self-detign survey administered to Nigerian
teacher educators from three schools in the sautiegion of Nigeria. We utilized the partial
least squares structural equation modeling (PLS-S&proach for the data analysis. Two
frameworks—TPACK and Second Information Technologiducation StudySITE§—
guided the scale development. The results indidhi@icthree constructs (perceived
technological knowledge, teachers' knowledge [eknlyitechnology] and perceived
knowledge for integrating technology) directly ifihced the TEs' technology integration,
while two others (information and communicationhtiealogy [ICT] pedagogical practices
and perceived effect on students) did not. Amomgélachers' characteristics, teaching
experience, and class size were found statistieahpciated with their technology
integration. The results of this study are benafifor developing professional training to
help teachers integrate technology specificallgleyeloping their ICT pedagogical practices.
Through such training, teachers could be enligltemehow to align their perceived effect of

teaching with technology.

Keywords:ICT in education; technology integration; teack@ucators; partial least

square — sequential equation modelling (PLS-SEM)



Factors affecting Nigerian teacher educators' teldgy integration: Considering
characteristics, knowledge constructs, ICT prastiead beliefs
Introduction
Both educators and policymakers have high expeciatihat ICT will support
educational reforms and better teaching and legqmiactices (Elstad, 2016). In addition,
ICT literacy and twenty-first century skills havedn recognized as essential for productivity
in an information society (Groff, 2013). Accordiggivhat happens inside the classroom is
crucial (OECD, 2016) and questions concerning heacher trainees learn to integrate
technology into their teaching practices should¢deasidered. Nevertheless, it behooves TEs
to help teacher trainees to become digitally lieeradividuals who can teach the necessary
skills to their future students (Binkley et al. 120 Howells, 2018); hence, TEs are recognized
as “gatekeepers” (Tondeur et al., 2019), becausigeafole they play in the preparation of the

future generation of teachers.

Research over decades has shown that technolagyatibn in the classrog
depends on several connected factors relatingath&gs' characteristics, schools,
educational systems (Bingimlas, 2009; Buabeng-An@d6h?2a; Inan & Lowther, 2010; J
Lim, & Kim, 2016; Petko, Prasse, & Cantieni, 20P8mp, Pelgrum, & Carstens, 2009;
Lim, & Lim, 2013; Taimalu & Luik, 2019). A recenystematic review of the literature
Lai and Bower (2019) examined the intricacy of tieishnology integration process,

discussions on educational technology integratenrercontinued with regard to the diffe

factors influencing the integration process (How&Han, Mozejko, & Caputi, 2015). Bo

(2019), for instance, argued that it is crucialtmlerstand the ways in which beli

knowledge, practices, and the environment mutuaflyence each other in relatio

educational technology usage; therefore, in theeatistudy, we developed our scales b



on two well-known frameworks—TPACK and SITES—to Ipeanore deeply into the fact

influencing teachers’ technology integrat

Koehler and Mishra (2006) proposed the TPACK framéwor clarifying the

knowledge necessary for the successful integratid@ T into teaching and learning;
however, many researchers have argued that the KRva@ework oversimplifies the
factors surrounding technology integration by egaig teachers' beliefs and various
contextual barriers, such as access to resouragsng, and support (Angeli & Valanides,
2009; Brantley-Dias & Ertmer, 2013; Yurdakul et 2012). As a result, to provide broad
insight into teachers’ technology integration, vd@pted constructs from the SITES
framework, which was introduced by the Internatiohssociation for the Evaluation of
Educational Achievement (IEA). The IEA has longme#erested in the use of ICT in
education. In the 1990s, the IEA initiated the SSTEhe third module of the SITES project,
asserted that system and school factors have #icigm effect on teachers' pedagogical use
of ICT (Law & Chow, 2008). The SITES 2006 concepfummework emphasized that
school-level and system-level factors, and teatbhlesacteristics, determine the teachers'
pedagogical practices, which in turn influence stid' learning outcomes (see Plomp et al.,
2009, pp. 12-13). It therefore inferred that th&E3$ 2006 framework mainly concerns the
application of ICT in classroom activities. The pbmena examined in the current study
included the teachers' ICT practices that contebattheir technology integration. In
particular, we paid attention to understandingtéoinical competencies and behaviors of
TEs as they prepare future generations of teachbis.is particularly important for
understanding TEs' influence on future teachecknielogy integration.

The main objective of this study was to investightefactors influencing Nigerian
TES' technologyntegration. Among the African countries, Nigemsdisted as the highest

internet consumer (Edo, Okodua, & Odebiyi, 2018y the ownership and use of



information technologies, such as mobile phongsp(ss, tablets, and personal computers,
have become popular among Nigerian students, tegaed schools (Ifinedo, Saarela, &
Hamalainen, 2019; Ifinedo, Kankaanranta, NeittadangaHamalainen, 2017,
Oluwafeyikemi, Ajayi, & Gata, 2018; Utulu & Along@012). Despite these developments,
the Nigerian education system is threatened bylenabsuch as the large number of out-of-
school children, high dropout rates, and low litsreates (Ifinedo & Kankaanranta, 2018).
Technology integration may be one solution for adding these educational challenges;
therefore, the Federal Ministry of Education (20ti4$ emphasized ICT’s integration in the
delivery of education in Nigeria. Onyia and Ony2811) indicated that many Nigerian
faculties falil to integrate technology into clagsrs, and Ameen, Adeniji, and Abdullahi
(2019) observed this low level of ICT integratian@g Nigerian teachers and students.
Olokooba, Okunloye, Abdulsalam, and Balogun (20@8)urn, identified challenges such as
the unavailability of computers, the lack of instianal software, the inadequacy of teachers’
technical knowledge, the irregular power supplyl #re deficient maintenance of computer
systems as the main barriers to the use of ICTigeman schools. Findings from a literature
review relating to ICT integration in education ealed that TEs in Nigerian colleges of
education and other institutions did not use diggehnology in their pedagogical practices
(Garba, Singh, Yusuf, & Ziden, 2013); hence, oudsgtspecifically focused on Nigerian
TEs' perceived technological knowledge, perceivealkedge for integrating technology,
ICT pedagogical practices, the perceived effeteathing with technology on students,
teaching knowledge that excludes technology, aclihi@ogy integration. The research
guestions were as follows:

e Research question 1What characteristics influence TES' technologicedwledge

and their teaching knowledge (excluding technol8gy)



¢ Research question 2What relationships exist among TEs' teaching kndgde
(excluding technology), perceived technological\wlemlge, perceived knowledge for
integrating technology, ICT pedagogical practiced perceived effect on students?
Theoretical Foundations

Researchers have been trying to explain the folordabf successful educational
technology integration for over 30 years (Petk@asBe, & Cantieni, 2018). These studies
have had a common interest in recognizing thenel@ronship of factors arising from the
technology and the users within the school cordextbeyond (e.g., Ertmer, 1999; Drent &
Meelissen, 2008; Tay, Lim, & Lim, 2013). To dealhva world consisting of both social and
technical factors, teachers should be equippedtivghielevant competencies to enable them
to recognize and perform tasks with the approptetbnological tools in the classroom
(Meyers, Erickson, & Small, 2013); for example, thachers’ characteristics that are
associated with ICT use in the classroom incluget¢lacher's age, years of teaching
experience, the subject taught, and the clasqGit#lores, Rodriguez-Santero, & Torres-
Gordillo, 2017; Law & Chow, 2009). A teacher's teiag knowledge, perceptions, access,
and characteristics, as well as the subject cylalrdave an appreciable effect on the
teacher's decisions regarding technology integrdBarke, Schuck, Aubusson, Kearney, &
Frischknecht, 2018; Ertmer & Ottenbreit-Leftwicl®1D). Prestridge's (2012) study showed
an existing association between teachers' ICTsskiinfidence, and practice; thus, in this
study, we aimed to understand how these fact@s (gachers' characteristics, perceived
technological knowledge, teaching knowledge, belred ICT pedagogical practices)
together affect technology integration among NigeiTEs.

In this study, we adopted the knowledge constrotttee TPACK framework.
Previous research suggested that technologicatlypadagogically competent teachers are

more willing to use ICT in the classroom (Chai, Kdkai, & Tan, 2011; Darling-Aduana &



Heinrich, 2018; Maican, Cazan, Lixandroiu, & Dowed019; Sang, Valcke, van Braak, &
Tondeur, 2010; Suarez-Rodriguez, Almerich, Orell&Biaz-Garcia, 2018; Vongskulluksn,
Xie, & Bowman, 2018); hence, a teacher should bgegialist in both the subject and
pedagogy, as well as a competent user of techngldgms & Ivanov, 2015; Groff, 2013;
Luik, Taimalu, & Suviste, 2018). The core of efigetteaching with technology consists of
three components—content, pedagogy, and technolagg-their interconnection (Koehler
& Mishra, 2009). This framework, known as TPACK,sAzased on pedagogical content
knowledge (PCK) constructs modeled by Shulman (L986ehler and Mishra (2006)
modified the PCK framework by adding knowledgeesdtinology integration (i.e.,
understanding how technology is applied in theh&apof a particular subject). As a result,
the TPACK framework includes seven types of knogédechnological knowledge (TK),
pedagogical knowledge (PK), content knowledge (Qi€fjagogical content knowledge
(PCK), technological pedagogical knowledge (TPKghinological content knowledge
(TCK), and technological pedagogical content knaolgke(TPACK).

In addition, we utilized the SITES 2006 framewoskiich views ICT-using
pedagogical practices as part of the overall pegiagbpractices of the teacher, so that the
reasons why and how teachers use ICT in the classave underpinned by their overall
pedagogical vision and competence (see Carsteradgumn, 2009, pp.13). The SITES 2006
framework also emphasizes that pedagogical pracicenot determined solely by the
characteristics of the teachers, but also by setaom system-level factors; thus, SITES 2006
recognized that teacher-, school-, and system-faesbrs often have to change to
accommodate the expected or actual impact of peieaqractices on students (Plomp et
al., 2009). SITES 2006 included a teacher surveassess the perceived impact of
pedagogical ICT use on teachers and their studelisators derived from the questions

relating to personal and contextual factors pravieeplanatory indicators for the SITES



study (Law & Chow, 2009). Personal factors includ®mographic background (e.g., age,
gender, and professional experience), technicapetemce, competence in using ICT for
pedagogical purposes, pedagogical beliefs, andatimnale for using ICT. Contextual factors
included: teacher's participation in ICT-relatedfpssional development activities, their
perceptions of obstacles, and the presence of ancmity of practice in their schools. The
teacher questionnaire also included questions econimgethe target class (e.g., the number of
students in the class and the gender mix). Inqaaii, this study adopted constructs such as
teachers' demographics, ICT pedagogical practesesthe perceived impact of these
practices on students from the SITES framework.
Material and Methods

Research Purpose, Model, and Hypotheses

A previous study focused on Nigerian teachers'amegness to integrate technology
and investigated their seven knowledge construasrding to the TPACK framework (see
Ifinedo, Saarela, & Hamalainen, 2019). Unlike thtaidy, the main objective of this study
was to investigate the factors influencing Nigerfd&s' technology integration. Specifically,
the study examined their characteristics, percekemviedge of technology, perceived
knowledge for integrating technology, ICT pedagabractices, and their perceived impact
on the students, teaching knowledge (excludingrtelciyy), and technology integration.

This study applied a PLS-SEM technique to develamdel representing the
relationships between the factors underpinningneaeducators' technology integration. We
considered the fact that schools and school distaie complex, but dynamic, systems
affected by numerous factors (Mital, Moore, & Lldlyr, 2014) and that, consequently,
several attributes affect technology integratioccess. Based on the complex
interrelationships of factors that support techgglmtegration, in this study we opted for a

complex yet realistic model (Hirsch, Michaels, &déiman, 1987). According to our



hypothesized model, presented in Figure 1, twaarebequestions and eighteen hypotheses
were formed.

The first research question aimed to understavitht characteristics influence TES’
technological knowledge and their knowledge thasdaot involve teaching with
technology?

Ageis a potential source of variation in ICT integoati(Siddiq, Scherer, Tondeur,
2016); for example, previous research suggestdaltier teachers' low computer skills and
self-confidence influenced their tendency and gbib use and integrate technology
(Buabeng-Andoh, 2012b; Fraillon, Ainley, SchulzieEman, & Gebhardt, 2014; Inan &
Lowther, 2010; Peeraer & van Petegem, 2011). Soeaknelationships between
technological, pedagogical, and content knowledgegptions and age have also been found
in other studies (e.g., Lee & Tsai, 2010; Koh, CBal sai, 2010). In addition, Luik et al.
(2018) found that the connection between the ageaahers and their primary knowledge
constructs (TK, PK, and CK) varied. It correlateatively with TK, but positively with
CK; however, there was no significant associatietwieen age and PK. In a study by Liu,
Zhang, and Wang (2015), younger teachers had hggreeptions of their TK, but lower
perceptions of their PK and PCK, while older teastmad lower perceptions of their TK, but
higher perceptions of their PK and PCK. Youngecheas tend to be more open to the use of
ICT in education (Inan & Lowther, 2010; Yilmaz & aktar, 2014); accordingly, we
postulated the following hypotheses:

e H1: Teacher educators' ages negatively influeneie gerceived knowledge of
technology (PerTechK)
e H2: Teacher educators' ages positively influeneg terceived teaching

knowledge (excluding technology) (TeKnXict)



The subject taughdlso influences the use of ICT in the classroomwgdd et al.,

2015). Siddiq et al. (2016), for instance, argueat teachers of humanities, languages, and
arts tend to place greater emphasis on studegt&ldand ICT skills than do teachers of
mathematics, science, or other subjects. Many matties teachers are under pressure to use
ICT, but find it difficult to see how ICT can suppdearning without being restrictive (Tay,
Lim, & Lim, 2015; Wikan & Molster, 2011; Xie, KimCheng & Luthy, 2017). Subject
practices and cultures may be barriers that hitideuse of technology in the classroom and
may also have different effects on usage pattétesifessy, Ruthven, & Brindley, 2005;
Hew & Brush, 2007; Nelson et al., 2019; Padmava®i,3). To this end, we postulated the
following hypotheses:
e H3: The subject taught influences the teacher d@dtggerceived knowledge of
technology (PerTechK)
e H4: The subject taught influences the teacher d@dtggerceived teaching
knowledge (excluding technology) (TeKnXict)

Years of teaching experienbas an influence on the teachers’ knowledge anld ski

Jang and Tsai (2012) stated that TPACK is infludrimethe years of teaching experience;
while experienced teachers may not be as technetoggied as their less-experienced
younger peers, they feel more comfortable withrtteziching responsibilities and know
where to find support (Nelson, Voithofer, & Che2§19). Experienced teachers, therefore,
demonstrate higher CK and PK (Jang & Chang, 2@Q@6alified teachers use teaching
methods and strategies more effectively, becautieeofextensive knowledge of different
content and teaching strategies (Jang & Tsai, 20tE2kill, Mossop, DiAngelo, & Pasquale,
2002; Saltan & Arslan, 2017), and they are morgadeusing new tools to help facilitate
teaching and learning (Smarkola, 2007). HowevetaBand Arslan (2017) pointed out that

teachers with more than 20 years of experiencermtfiave the proper training to use



modern technology or pedagogical approaches, seriexge has an indirect influence
through knowledge and skill (Farjon, Smiths, & Ving019). To this end, we postulated
the following hypotheses:

e H5: Years of teaching experience (TeachExp) paditiinfluences the teacher

educators' perceived knowledge of technology (RehK§

e H6: Years of teaching experience (TeachExp) paditiinfluences the teacher

educators' perceived teaching knowledge (exclutioggnology) (TeKnXict)

Class sizédnas an influence on classroom practices. Teadkqgstiences of class size are
connected to their emotional involvement in teagh{latchford, Moriarty, Edmonds, &
Martin, 2002), and teachers' decisions regardingit@egration depend, not only on the
subject taught, but also on students' characiesjstuch as the number of students in the
class, the gender mix, and students' languages, 2@99). Although Gibbone, Rukavina,
and Silverman (2010) emphasized that class sizetia limiting factor for technology use,
class size may be a barrier to using technologgesieachers may be concerned about the
amount of technical equipment needed in the classidcCulloch et al., 2018). Leendertz,
Blignaut, Nieuwoudst, Els, and Ellis (2013) assetteat overpopulated classrooms lead to an
increase in work pressure for teachers, whichrnn tesults in less likelihood of integrating
technology. Similarly, Hennessy, Harrison, and Wamita (2010) listed large class size as a
critical factor underpinning the lack of ICT compete among teachers within an African
education context. Overall, classroom quality soagted with small class size (Marti,
Melvin, Noble, & Duch, 2018). Small classes argdretnvironments for learner-centered
activities (Wright, Bergom, & Bartholomew, 2019gdause students are more engaged and
can interact with each other and their teachepositive and enriching ways (Deutsch,

2003). Consequently, this research proposed thenfimlg hypotheses:



e H7: Class size (ClasSize) influences the teachecatdrs' perceived knowledge
of technology (PerTechK)

e HB8: Class size influences the teacher educatorteped teaching knowledge
(excluding technology) (TeKnXict)

Technological device ownershplinked to computer experience. Owning ICT id jus

as important as a person’s confidence in usingiaolgy and the degree to which
technology is utilized pedagogically (Yerdelen-Dantoz, & Aydin-Ginbatar, 2017).
Yurdakul (2017) emphasized that digital nativityaisignificant predictor of TPACK
competence, since teachers' daily ICT use is aldected in their professional lives. The
availability of technology at home, for instancteets attitudes towards, and perceptions of,
ICT use in the classroom (Islahi & Nasrin, 2019diavathi, 2013). Kahvecd$ahin, and
Genc (2011) asserted that ownership of personapuaters is a significant predictor of
teachers’ high-level computer experience and, apresgly, more positive attitudes and
greater confidence and comfort. Kearney, Burded,Rai (2015), in turn, noted that
students' ownership of mobile devices positiveflugnced teachers' consideration of
practical ways to apply such tools in their subgretas. Building personal ownership, and
training teachers to be comfortable and creatieesusf technology, can help teachers to
make innovative transformations in their classro¢Berak, 2006; Riel, Schwarz, Peterson,
& Henricks, 2000); therefore, we hypothesized tiiving:
e H9: Technological device ownership (TDevOwn) pesity influences teacher
educators’ perceived knowledge of technology (PeinKe
e H10: Technological device ownership (TDevOwn) gasly influences teacher
educators' perceived teaching knowledge (exclutinognology) (TeKnXict)
The second research question was wider in scop&anged on how TEs' perceived

technological knowledge, perceived knowledge ftegnating technology, perceived



teaching knowledge excluding technology, ICT pedgoal practices, and the perceived
effect on students are related to TES' use of euuned technology. The second research
guestion investigatedvhat relationships exist among TEs' perceived temcknowledge,

knowledge for technology use, perceptions, andd€dagogical practices.

Teacher's perceived teaching knowledg&iences technology integration, and

several researchers have highlighted the relatipadietween the TPACK constructs. TK,
for instance, has been found to have a directipesitfluence on teachers’ TPACK (Koh,
Chai, & Tsai, 2013). Researchers have also fougl torrelations between PK and PCK,
and between TPK and TCK (Cetin & Eggm, 2018). CK, in turn, directly and positively
influences TCK and PCK (Kiray, Celik, & Colago, 2018). Kiray et al. (2018) further
pointed out that PCK critically affects teacheeghnology integration, since it has the
greatest effect on the teachers’ TPACK self-effic&edagogical competence is as
significant as technological competence for sudadigsntegrating technology in teaching
(Li, Garza, Keicher, & Popov, 2018). Similarly, I@ftegration practices (i.e., the selection
of the ICT tools and how often the tools are usefii)ence teachers’ technology integration
knowledge (Chuang, Weng, & Huang, 2015), so peettknowledge can lead to feelings of
self-efficacy. Perceived TPACK positively affecemthers’ self-efficacy, which means that
teachers with TPACK find the technology accessdnid useful (Joo, Park, & Lim, 2018).
There is a positive relationship between TPACK wmterice, TPACK level, and teachers’
intention to teach with ICT (GlUg& Bahcivan, 2016; Joo et al., 2016; Joo et alL8&Koh

& Chai, 2014). Teachers, however, do not usuailyktiof their knowledge as a separate
domain (Heitink et al., 2016); for instance, Luikak (2018) merged all items relating to
technological knowledge (TCK, TPK) into one faatepresenting technology. Similarly,
Boschman, McKenney, and Voogt (2015) highlighteat,tin the teachers' narratives,

pedagogy was usually addressed in conjunction etiier knowledge domains. An



interesting observation, however, was that, in ganeeachers seemed to be orientated
towards PCK, rather than technological knowledgestoicts (Tseng, Cheng, & Yeh, 2019;
Heitink, Voogt, Verplanken, van Braak, & Fisser,1lBD. The current study attempted to
investigate the following hypotheses:
e H11: TEs' perceived technological knowledge (PenKggositively influences
their perceived knowledge for integrating techngl@@Kn4INgT)
e H12: TEs' perceived technological knowledge (PenKggositively influences
their technology integration (TechINtn)
e H13: TEs' perceived knowledge for integrating textbgy (PKn4INgT)
positively influences their technology integrati@rechINtn)
e H14: TEs' perceived knowledge for integrating textbgy (PKn4INgT)
positively influences their ICT pedagogical praeiICTPedPr)
e H15: TEs' perceived teaching knowledge, excludaaphology (TeKnXict),
positively influences their technology integrati@rechINtn)

Teachers’ ICT pedagogical practicaee linked to student outcomes and teachers’

knowledge. Teachers’ pedagogical practices, sutbazbing techniques and strategies,
enable learning to take place and provide oppdragiior interaction between teachers,
learners, and the learning environment (Bottin@40ICT offers several ways to alter and
enhance pedagogy and to customize and expandrgaepertoires, strategies, and methods
for adapting different learning paths (Bitner & figét, 2002; Sutherland et al., 2004).
However, the effectiveness of ICT depends on taehters' actual practices and their ability
to integrate ICT into teaching and learning (Cofrgentin, Gui, Origo, & Pagani, 2017;
Drent & Meelissen, 2008). It is therefore vitaldonsider the whole learning situation; not
only the technological tools, but also the teackdrs use them, the curriculum objectives,

the assessment methods, the social context, ampetagogical practices (i.e., the ways in



which learning is organized and tools are usedp(Asl & Ivanov, 2015; Bottino, 2004; Law
& Chow, 2008; Okojie, Olinzock, & Okojie-Boulder0@6). Technology can provide
students with deeper understanding of subjects|earding should, therefore, be the driving
factor behind the use of technology in the classrobeachers' pedagogical viewpoints
extend to what the teachers may consider to bebdun terms of achieving student
outcomes, so knowledge practices may be linketuttesit outcomes (Hudson, English,
Dawes, King, & Baker, 2015). Similarly, teachetsitades towards ICT and their motivation
for using it in their teaching are influenced bgittpedagogies (Cox, 2003). Researchers
have highlighted that the use of ICT can transfeathers' knowledge of the subject area,
teaching repertoires, and pedagogical skills (Silahd et al., 2004; Heitink et al., 2016).
Hence, we propose the following hypotheses:
e H16: TEs' ICT pedagogical practices (ICTPedPr)tpasdy influence perceived
effect of teaching with technology on students (BE&ifd)
e H17: TEs'ICT pedagogical practices (ICTPedPr)tpasy influence their
perceived teaching knowledge that excludes teclgydibeKnXict)

Teachers’ perceptions of technology gains for tisgidentaffect classroom

practices. Perception is closely related to atéfyénd attitudes, in turn, arise from beliefs
and values; therefore, teachers' attitudes andfbedignificantly influence their actions and
practices in the classroom (Burke, Schuck, Aubuskearney, & Frischknecht, 2018; Gil-
Flores, Rodriguez-Santero, & Torres-Gordillo, 20W0illis, Lynch, Fradale, & Yeigh, 2019).
Previous research has suggested that teachergiveegtiitudes and beliefs about technology
may prevent them from utilizing technology and réfere, teachers' positive perceptions
(i.e., beliefs and attitudes) are critical for imasing levels of ICT integration (Blackwell,
Lauricella, Wartella, Robb, & Schomburg, 2013; EtpOttenbreit-Leftwich, Sadik,

Sendurur, & Sendurur, 2012; Hutchison & Reinkin@l?; Islahi & Nasrin, 2019; Joo et al.,



2016; Liu, 2011; Miranda & Russell, 2012; Peng & Mgp2018 Vongkulluksn et al., 2018;
Willis et al., 2019). Positive perceptions of ICIE@explain high self-efficacy in TPACK and
vice versa (Scherer, Tondeur, Siddig, & Baran, 20tt@refore, a teacher's mindset plays an
essential role in the choice of that teacher'shiegcapproach (Li et al., 2018).
Different factors impact teachers' perceptionduigiag their prior experience

(Khlaif, 2018). When teachers use ICT frequentigytbegin to appreciate ICT and
understand the benefits and importance of ICTacheng, eventually guiding their students
to use ICT (Chew, Cheng, Kinshuk, & Chen, 2018;avida & Russell, 2012). Teachers who
have sound experience of technology tend to be surdent users of technology (Miranda
& Russel, 2012; Claro et al., 2018). Furthermasachers who see ICT as consistent with
their educational goals, teaching philosophy, pedaal beliefs, and practices are more
likely to perceive ICT as valuable and adopt ICRiir&ri & Nousiainen, 2015; Las & Chow,
2009; McCulloch, Hollebrands, Lee, Harrison, & Myt?018; Taimalu & Kuin, 2019). In
other words, teachers’ characteristics, such gesumatter and teaching experience, also
strongly influence teachers’ perceptions (Jimoyis@Komis, 2007). To this end, we
postulated the following hypothesis:

e H18: TEs' perceived effect of teaching with teclmggl on students (PEffStud)

positively influence their technology integratioreChINtn)



:Teacher characteristics
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Fig. 1. The hypothesized model
Sample

Data was collected from 148 teacher educatorsniowsdepartments. Some of the

responses were poorly completed; therefore, ligt@edetion was applied and, ultimately,
136 responses were found to be useful. There#fiedepartments were condensed into three
categories for ease of analysis—arts, sciencess@ridl sciences. Departments such as
languages or religious studies were assigned $q8¥), chemistry or database management
were assigned to the sciences (35.5%), and geogaayriculture were assigned to the
social sciences (50%). Sixty percent of the pguéiots were male and 35% were female. The

predominant age group was over 40 years of age)(7Bdble 1 shows the remaining

demographic information of the respondents.



Table 1 Demographic profile of participants

Variable Content Frequency Percentage
Gender Male 81 59.6
Female 48 35.3
Missing 7 5.1
Age group 25-29 3 2.2
30-39 25 184
40-49 60 44.1
50-59 42 30.9
Over 59 5 3.7
Missing 1 0.7
Categorized department Arts 11 8.1
Sciences 48 35.3
Social sciences 68 50
Missing 9 6.6
Teaching experience Under 2 years 2 15
2—4 years 8 5.9
5-9 years 36 26.5
10-19 years 52 38.2
Over 19 years 38 27.9
Average class size 0-50 60 441
51-100 23 16.9
101-150 13 9.6
151-200 1 0.7
201-500 19 14
Over 500 5 3.7
Missing 15 11
Device ownership: Only one 10 7.4
(phone, laptop, tablet, desktop computer) Combination of two 70 51.5
Combination of three 43 31.6
Combination of four 12 8.8
Others 1 0.7

Data Collection Instrument

Previously designed and validated questionnaieye wsed in this study, as
recommended for quantitative research (Bryman,, Bé&lls, & Yue, 2011). To improve the
content validity, the design of the initial surwegs subjected to the scrutiny of a professional
in the field of teacher education and ICT use. d@mographic information of the
respondents, consisting of school name, age ggmrgler, subject currently taught, job title,
years of teaching experience, class size, and @hipeof devices, was collected. The
demographic characteristics showed that the saempjgoyed for our study was

heterogeneous, improving the external validitynaf $tudy. Measures for reducing the effects



of common method bias (CMB) were followed accordimgecommendations (Podsako
MacKenzie, Lee, & Podsakg 2003). The occurrence of CMB is attributed to the
measurement approach that is used for structutaten modeling (SEM) (Kock, 2015a).
Examples of actions taken to control CMB were einguthe anonymity of respondents, the
use of clear instructions at the top of the quesi@ire, and clear wording in the overall
design of the items. Specifically, in the survegjtdl technologies were described as
computers, laptops, mobile phones, interactiveetaards, or software. In addition,
respondents were given the option to list othengt¢hat they considered to be digital
technologies. Furthermore, the full variance indlatiactors (VIF) for the data analysis were
assessed using WarpPLS software (Kock, 2015a; Rdcynn, 2012). The VIFs of the
constructs ranged from 1.17 to 2.04, except fohTeim and PKn4INg, which had higher
VIFs of 3.81 and 3.38, respectively. VIFs abovedicate that significant collinearity
problems exist (Hair, Risher, Sarstedt, & Ringl@l2), so CMB was not considered to be a
concern in this instance.

Measures for perceived technology knowledge (R&#Kg teachers' knowledge
(excluding ICT) (TeKnXict), perceived knowledgetethnology integration (PKn4INgT),
and technology integration (TechINtn) were adajtech the TPACK instrument designed
by Schmidt et al. (2009), using a five point Likectle (strongly disagree, disagree, neutral,
agree, and strongly agree). The TPACK questions wdapted for the in-service teaching
context, in contrast to the original design, whidgs designed for a preservice teaching
context; for instance, participants were selectethfseveral departments of the college of
education. The taught subjects were generalizedgltine analysis. In addition, items
intended for use in teacher education programisarotiginal design were excluded. In
addition, "l can adapt the use of the technolotfias | am learning about to different

teaching activities" was revised to "I can adaptubke of the technologies that | know to



different teaching activities." Eventually, sometloé items from the original instrument
relating to TeKnXict were found to be poorly loaded were removed (e.g., CK1, CK2, and
PCKI).

Measures for ICT pedagogical practices (ICTPedR)merceived effect of teaching
with technology on students (PEffStud) were adafiaa a SITES-based study conducted in
Finland (see Kenttala, Kankaanranta, & Neittaanpizl6). The ICTPedPr construct used a
four-point scale Likert (never, rarely, usuallydesimost always) to assess how often the
participants used ICT and for which activities. Whhe PEffStud construct used a three-
point scale—disadvantage, no effect, advantage d€keriptive statistics for the items used
in the questionnaire are shown in Table 2.

Table 2 The descriptive statistics and item loadingstiheritems in the questionnaire

Construct Item description Mean Standard Item
deviation loading

Teachers Age 4.16 0.845 1.000

characteristics Subject 2.45 0.651 1.000
Years of teaching 3.85 0.947 1.000
Average class size 2.26 1.632 1.000
Technological devices owned 2.44 0.787 1.000

Perceived | know about many different technologies 3.80 1.010 0.658

technological I have the technical skills | need to use technplog 3.82 0.913 0.828

knowledge I know how to solve my own technical problems 3.34 1.027 0.709
| learn technology easily 4.04 0.888 0.659

(PerTechK) | frequently play with technology 3.58 1.054 0.737
I have had sufficient opportunities to work wittifdient 3.27 1.119 0.742
technologies

Perceived | know about technologies that | can use for urtdeding

knowledge for and teaching my subject. 4.00 0.834 0.774

integrating I have the technical skills | need to use technplog

technology appropriately in teaching 3.74 1.018 0.843
| can adapt the use of the technologies that | kimow

(PKn4INgT) different teaching activities 3.80 0.921 0.853
I think critically about how to use technology irytlasses 3.76 0.996 0.763
I choose technologies that enhance my teachingpappes
for a lesson 3.94 0.865 0.912
I choose technologies that enhance students' f@arni
during a lesson 3.93 0.869 0.887

ICT pedagogical Presenting of information, demonstration, and/emgj

practices instructions to students 2.49 0.891 0.718
Providing support or extra lessons for individualdents

(ICTPedPr) or small groups 2.49 0.840 0.717

Helping or advising students regarding information
retrieval 2.75 0.888 0.781



Organizing or observing of student-led class disiturs,

demonstrations, and presentations 2.67 0.821 0.750
Evaluating students learning through experimepttst
and interviews 2.83 0.843 0.754
Giving feedback to individuals or small groups 2.72 0.884 0.746
Organizing, monitoring, and supporting the formatad
students' groups and cooperation 2.46 0.922 0.735
Perceived effect Knowledge of the subject 2.93 0.431 0.899
of teaching with  ICT skills 2.92 0.427 0.771
technology on Learning motivation 2.95 0.397 0.790
students Messaging skills 2.83 0.580 0.718
Information processing skills 2.86 0.523 0.760
(PEffStud) Cooperation skills 2.89 0.467 0.705
Student self-direction 2.82 0.590 0.747
Problem solving skills 2.87 0.514 0.803
Confidence 2.88 0.496 0.686
Teachers' | can use different teaching methods in the clasaro 4.26 0.779 0.829
knowledge | can adapt my teaching style to different learners 4.23 0.730 0.855
(excluding I know how to assess students’ performance andilggin
technology) different ways. 4.27 0.683 0.801
I am familiar with common student understandings an
(TeKnXict) misconceptions of the subject. 4.10 0.822 0.812
| can adapt my teaching based on what studenterttiyr
understand or do not understand 4.18 0.732 0.808
I know how to select effective teaching approadhes
guide students’ thinking and learning in the subjeeach 4.13 0.814 0.776
Technology | can teach lessons that appropriately combine ubjest,
integration technologies, and teaching approaches. 3.79 0.890 0.906
I can select technologies to use in my classro@n th
(TechINtn) enhance what | teach, how | teach, and what stadeatn. 3.82 0.950 0.879

I can provide leadership in helping others to cowte the
use of content, technologies, and teaching appesaah
my school 3.83 1.008 0.890

Data Collection and Data Analysis

The hypotheses were tested using a paper-bagembegileted survey, which was
administered to Nigerian TEs from three governnmmted schools in the southern part of
Nigeria, and participation was voluntary. Conveogsampling was used to select these
schools, in addition to the fact that they all h@d laboratories in which ICT tools for
teaching were stored.

In this study, the PLS-SEM procedure was used (Hangle, & Sarstedt, 2011;
Lowry & Gaskin, 2014) to explore the relationshijpgween the Nigerian TES'

characteristics, their knowledge constructs, th&ir practices, and their belief in, and



perceptions of, technology integration. PLS alldles testing of complex models,
relationships between constructs, which are repteddy observed variables (Henseler,
Hubona, & Ray, 2016), and places fewer constraintsample size. Data analysis was
conducted using WarpPLS 6.0 software (Kock, 20hd) ¢hereafter, information concerning
the structural and measurement model was obtained.
Results

The Measurement Model

The reliability and validity of the constructs imetmeasurement model, along with
their measures, were examined. For reliability,ititernal consistency and indicators of the
constructs were assessed (see appendix for Talrd 8). The values of their Cronbach’s
alpha coélcients (CACsg) and composite reliability coecients (CRC) depicted the model's
internal consistency and reliability, while theicator loadings depicted the reliability of the
items to load on their theoretically assigned cnass (Hair et al., 2011; Lowry & Gaskin,
2014), stipulating that values higher than 0.78sa#td to satisfactory reliability. For the
validity of the model, convergent validity and diszinant validity were evaluated. The
average variance extracted (AVE) determined the@ment validity of the constructs. AVE
values of 0.50 or greater were recommended byé{al. (2011). The conditions for
discriminant validity are attained if an indicatoads more strongly on its own construct than
on its cross-loadings. The information on our measient model results are provided in
Tables 3 and 4 (see appendix) and they show teahtdel satisfied all of the reliability and
validity requirements. In addition, the heterotraibnotrait (HTMT) ratio, which is said to be
more efficient than the Fornell-Larker criterion fostance, for determining the discriminant
validity of a model (see Hair et al., 2019), waamined. For our model, the HTMT ratio of

the constructs ranged from 0.13 to 0.69. Accordingenseler et al. (2016), HTMT ratio



values greater than 0.90 suggest constructs thatdiacriminant validity problems;
therefore, the discriminant validity of our modedswvestablished.
The Structural Model

The performance of a structural and measuremenehwath be described using the
goodness of fit measure (Tenenhaus, Vinzi, Chat&libauro, 2005). For the model in this
study, the goodness of fit value was 0.47, whiatoissidered to be large in terms of the
effect size (Akter, D'Ambra, & Ray, 2011). Esselifiaegression coefficients are used to
assess the variance among the endogenous constirtioesstructural model. These
coefficients include the R-squared measuréy, (Re path significance (p-value), and the path
cosficient @). Figure 2 provides the results for the hypothesimodel. Since the’®f the
model was greater than the 0.02 benchmark, a oevigas not considered necessary (Kock,
2017). In addition, the Q-squared coefficienf)(@vhich evaluates the model's capacity to
predict the endogenous constructs (Hair et al.12Bibck, 2015b), was assessed. THe Q
codficients of PerTech, PKn4INg, ICTPedP, TeKnXict, F¥fid, and TechINtn were 0.16,
0.38, 0.07, 0.21, 0.10, and 0.72 respectively. rElsalts of the research model showed that
fifteen of the eighteen formulated hypotheses wgagrificantly supported (see Table 5). In
summary, the amount of variance in the teacheradtg technology integration, explained

by the independent constructs of the hypothesizedeiwas 72%.



Table 5 Summary of results of the hypothesis testing

Hypotheses Path p-value

coefficient
H1: Age — PerTechK -0.06 p < 0.1 (Not supported)
H2: Age — TeKnXict 0.08 p < 0.1 (Not supported)
H3: Subject — PerTechK -0.12 p < 0.1 (Supported)
H4: Subject — TeKnXict 0.14* p < 0.05 (Supported)
H5: TeachExp — PerTechK 0.22** p < 0.01 (Supported)
H6: TeachExp — TeKnXict 0.25** p < 0.01 (Supported)
H7: ClasSize — PerTechK 0.20** p < 0.01 (Supported)
H8: ClasSize — TeKnXict 0.17* p < 0.05 (Supported)
H9: TDevOwn — PerTechK 0.16* p < 0.05 (Supported)
H10: TDevOwn — TeKnXict -0.15* p < 0.05 (Supported)
H11: PerTechK — PKn4INgT 0.61*** p < 0.001 (Supported)
H12: PerTechK — TechINtn 0.17* p < 0.05 (Supported)
H13: PKn4INgT — TechlINtn 0.55%*= p < 0.001 (Supported)
H14: PKn4INgT — ICTPedPr 0.27%* p < 0.001 (Supported)
H15: TeKnXict — TechlINtn 0.21* p < 0.01 (Supported)
H16: ICTPedPr — PEffStud 0.39*** p < 0.001 (Supported)
H17: ICTPedPr — TeKnXict 0.21* p < 0.01 (Supported)
H18: PEffStud — TechINtn 0.10 p < 0.1 (Not supported)

Note: *** = significant at p < 0.001, ** = signifant at p < 0.01, * = significant at p<0.05, +
=significant at p=0.1.

0.61%**

PKn4INgT

0.27***

ICTPedPr

TDevOwn

Figure 2: The results of the PLS analysis for the suggesiediein
Note: *** = significant at p < 0.001, ** = signifant at p < 0.01, * = significant at p < 0.05, +
= significant at p = 0.1, n. s = not significant.



Discussion

The main objective of this study was to investightefactors influencing Nigerian
teacher educators' technology integration. Spedificby drawing from the TPACK and
SITES frameworks, the study examined the TEs’ kedgeé (excluding technology),
characteristics, perceived technological knowlegpgeceived knowledge for integrating
technology, ICT pedagogical practices, perceivéecebf teaching with technology on the
students, and technology integration. Hypothetjcalle model held for the teachers in this
study, since 72% of the variances of their techgwiategration were accounted for. Of the
eighteen hypotheses formulated, thirteen were feignitly supported by the data. Next, we
discuss the hypotheses in relation to the resaprektions.
RQ1

The results for H1 (TES’ age negatively influentesir perceived technological
knowledge) was not supported. Although the predidieection (b = -0.06) was consistent
with the expectation, the p-value was not significilevertheless, previous research
outcomes have shown that age is negatively assdomith teachers' computer proficiency
(Buabeng-Andoh, 2012b; Claro et al., 2018; Inan&ther, 2010; Lee & Tsai, 2010; Luik
et al., 2018; Koh et al., 2010). Our study's sansplesisted mainly of TEs over 40 years of
age, and it is possible that the training theyixezewas not aligned with recent
developments in technology, resulting in skepticisith regard to their technological skills;
thus, their beliefs and attitudes regarding teabgyplintegration may not be as positive as
those of younger TEs. H2, which predicted that Tdfg positively influences their perceived
teaching knowledge, excluding technology, was atstcsupported. Surprisingly, this path
coefficient also indicated a negative value, impdythat as TEs grow older, their other
knowledge, which does not involve knowledge of textbgy, decreases. Contrary to this

result, Liu, Zhang, and Wang (2015) indicated tilder teachers had higher perceptions of



their PK and PCK. For a preservice teacher samgke was not statistically associated with
PK (Luik et al., 2018).

In the case of H3, the results supported the eapentthat the taught subject would
influence the teacher educators' perceived techrcabknowledge, albeit negatively. In
comparison, TEs in the study showed that the sttjjeg taught significantly and positively
influenced their perceived teaching knowledge wihenknowledge of technology was
excluded (H4). In relation to our study sample,ahhtonsisted of 50% social science
teachers, 11% art teachers, and the rest scignsdikely that the majority of the teachers
(being social science teachers) did not perceivsviedge of technology as relevant for
teaching their subjects. While Jang and Tsai (2@i@&ihtained that the subject matter
influences teachers' technology integration, otiedies showed that, specifically, science
teachers have greater digital competence, are favoeably disposed towards ICT use, and
use computers more frequently than other subjechtrs (Claro et al., 2018; Hennessy et
al., 2005; Padmavathi, 2013).

The data supported both H5 and H6, which preditttatithe years of teaching
experience would influence the TES' perceived teldgical knowledge and their teaching
knowledge (excluding technology), respectively.thes teachers' experience increased
yearly, they perceived an increase in their knogtedf technology as well as their teaching
knowledge (excluding technology). Similar resulerg/found in previous studies (Chew et
al., 2018; Meskill et al., 2002; Miranda & Russ#12; Saltan & Arslan, 2017; Smarkola,
2007), while a negative relationship between teagkxperience and teachers' ICT skill was
found in prior studies (Buabeng-Andoh, 2012b; I&anowther, 2010). Claro et al. (2018)
demonstrated that, as teachers' tested digital e@anpe moved from basic to more
demanding tasks, their years of teaching experibecame significantly associated with

their digital competence. Similarly, other litensthas demonstrated positive relationships



between teacher's knowledge (excluding technol{@gK, PK, CK) and teaching
experience (Connor & Shultz, 2018; Hanuscin, Ciste& Lipsitz, 2018). In our results,
however, there was little difference between tllei@mce of teaching experience on either
construct when considering their path coefficieand levels of significance; both were
significant at the 0.01 level (see Table 5).

With respect to H7 and H8, the assumptions thasc&ze would influence the TES'
perceived technological knowledge and their teaghkimowledge (excluding
technology) were individually confirmed. Class smere significantly influenced the TEs’
perceived technological knowledge (H7 at level Di@&n their teaching knowledge
(excluding technology) (H8 at level 0.05). Congsisteith our results were the observations
of other studies (Hennessy et al., 2010; Leenarét., 2013) that suggested the influence of
class size on teachers' technology competence.

The relationship between technology device ownprahd both constructs (perceived
technological knowledge and teachers' knowledgeljieling technology]) was corroborated
by the data (H9 and H)0Other studies offered similar insight (e.g., Katiet al., 2011,
Padmavathi, 2013). Nevertheless, this result weanisistent with Claro et al.’s study (2018),
in which no statistical significance was found betw access to digital devices at home and
teachers' digital competence. There was a signifiddference between the impact of
personal device ownership on these constructsecésply (i.e., both were significant at the
0.05 level withB= 16 and -15, respectively), implying that, whihe townership of
technological devices negatively influenced theafessional teaching knowledge, there was
a positive relationship between the former andrtpeiceived technological knowledge.
Mama and Hennessy (2013) suggested that TEs' olwpertechnological devices does not
necessarily translate into an increase in theicgreed technological knowledge. Yerdelen-

Damar et al. (2017), on the other hand, illustrakedinsignificant association between



preservice teachers' ownership of technology aen THPACK perception, but when
mediated by both technical competence and experj¢he association became significant.
However, Bitner and Bitner (2002) pointed out tteaichers' personal development through
ICT use promoted their engagement in ICT-basediasn practices.

Among the TES’ characteristics, subject, class, seching experience, and device
ownership influenced both TEs’ technological knadge and knowledge that did not include
technology. Although TEs’ age negatively influendedh their technical knowledge and
knowledge that did not include technology, thetreteships were not statistically significant.
Moreover, teaching experience and device owneisfijenced both constructs almost
equally.

In considering all the paths between these fivech&racteristics and their technology
integration, the total indirect effect was statigliy significant for only teaching experience
and class size (p < 0.05); however, their effexdsiwere not practically relevant. Consistent
with other studies (e.g., Farjon et al., 2019; Bee& van Petegem, 2011), similar
characteristics among these five characteristidsdt influence either pre-service or in-
service teachers' technology integration when ntediby other factors.

RQ2

The results for H11 (TES’ perceived technologigabkledge positively influences
their perceived knowledge for integrating technglogas confirmed by the data. Previous
studies supported this result (Koh, Chai, & Ts8il2 Taimalu & Luik, 2019).

Both TES’ perceived technological knowledge anadteeed knowledge for
integrating technology influenced their technolagiegration (H12 and H13). Previous
studies agreed with this result (Nelson et al. 20himalu & Luik, 2019).

The data supported the expectation that TES’ pezddinowledge for integrating

technology would influence their ICT pedagogicagiices (H14). Prestridge (2012)



illustrated the relationship between ICT competemug a similar effect on ICT usage in
classrooms.

H15, which predicted that TES’ perceived teachingwledge, excluding technology,
would positively influence their technology inteijom was confirmed. This result, following
the TPACK framework (Koehler & Mishra, 2006), in iwh path predictions in earlier
studies (Kiray et al., 2018; Koh et al., 2013) waneong the primary and secondary
knowledge constructs, found that PK and PCK coel@xpected to influence the teachers’
technology integration.

The relationship between TES’ ICT pedagogical pcastand the perceived effect of
teaching with technology on their students (H16% wanfirmed. The extant literature posited
a reverse relationship, in which the teacher @lyiko increase the use of technology in the
classroom if such usage is perceived to enhandests! learning (Blackwell et al., 2013;
Ertmer et al., 2012; Liu, 2011; Miranda & Russ2012; Vongkulluksn et al., 2018; Willis et
al., 2019). Scott and Mouza (2007) reported aigelahip shift in teacher's pedagogical
practices, which occurred when teachers begarettheebenefits of technology for both their
students and themselves, thus signifying an adsatibetween teachers' beliefs and
practices.

For H17, the TES' ICT pedagogical practices pasiginfluenced their perceived
teaching knowledge that excluded technology. Oshaties gave credence to this result; for
instance, Scott and Mouza (2007) asserted thahtreeluction of ICT tools in teaching
influenced teachers' thinking and consideratiotheir pedagogical beliefs. Sutherland et al.
(2004), in turn, emphasized that the use of IChgfarmed teachers' knowledge of their
subject areas and teaching repertoires, and Hadtiak (2016) indicated that ICT use is

relevant for improving teachers' pedagogical skAlsiong the assessed teacher ICT



practices, evaluation of students through experime¢ests, and interviews had the highest
mean (2.83), and organizing students had the lo{2e$6).

No support was evident for the prediction that Tiesteived effect of teaching with
technology on their students would positively iefhce their technology integration (H18).
This outcome paralleled that of Peeraer and vaegeet (2011). Conversely, however, the
study by Leendertz et al. (2013) indicated thattieas with who taught mathematics using
ICT had higher TPACK, and also involved their stotdan the use of ICT, leading to
improved students' skills and knowledge of the acthjSimilarly, Heitink et al. (2016)
suggested that teachers can achieve their eduabgoals when they use technology. If
teachers believe that integrating technology iahing will benefit the learning goals of
the students, then the technology integrationskillthe teachers themselves should increase;
therefore, the perceptions of teachers should ahigmthose that enable technology
integration to succeed (Chikasanda et al., 2018)aldy, in the study, the TES’ perceived
effect of teaching with technology on their students generally positive, with the highest
means for learning motivation, ICT skills, and ®dbjknowledge (Table 2). Such perceptions
suggested that the TEs understood teaching withtd®E learner-focused.

Overall, three constructs (teachers' knowledgel(ehag technology], perceived
technological knowledge, and perceived knowledgentegrating technology) directly
influenced the TEs’ technology integration, white other two (ICT pedagogical practices
and perceived technology gains for their studeditthot. Further examination, using the
indirect effect of the constructs on TEs’ technglagiegration, showed only perceived
technological knowledge to be statistically sigraft (p < 0.001), with an effect size of 0.20.
Considering that over 90% of the TEs in our stuesspnally owned at least two
technological devices, this could be the reasothieir perceived technological knowledge

influencing their technology integration in thisyv&lotably, the TEs’ ICT pedagogical



practices did not indirectly influence their techogy integration, which contrasted with a
prior study demonstrating that teachers' pedagbpreatices both directly and indirectly
positively influenced their technology integrati@huang et al., 2015; Drent & Meelissen,
2008). In addition, although their sample comprigeskervice teachers, Farjon et al. (2019)
indicated that such practices had little impacthair technology integration.

Limitations and Future Work

This study's results should be explained in refatmthe following limitations. First,
the research sample consisted of teacher educttersfore, the findings may not apply to
teachers within university, primary, or secondaya®| contexts. Second, we used
convenience sampling, and the data was gatherad asiross-sectional survey; therefore,
the results may not be applicable to a randomizeérement, and the use of data from
longitudinal, observation, and interview studiesudoenrich the study. Third, the sample
size was 136, and the respondents were drawn friyrtloree colleges of education within
the southern part of Nigeria; consequently, geigng to the entire country should be done
carefully. Fourth, social desirability bias may bapplied in this instance, since a self-
completed questionnaire was used to collect theoreses from the participants. Although, as
we mentioned earlier, PLS-SEM is beneficial forastigating complex models and relatively
small sample sizes, a second study cycle with @it data would further strengthen and
sharpen the study results.

Similar studies comparing younger TEs and TEs welach specific subjects (rather
than our three broad subject categories) couldhduwcted in order to explain the influence
of subject or age. Further insight, as evidenhendisassociation between TEs’ technology
integration and both ICT pedagogical practicestarderceived benefits for students, is
necessary; for instance, Liu (2011) recognizeddbatextual factors are responsible for the

discrepancies between teachers' beliefs and #ahing activities. Given that our study



focused only on the teacher-level factors of tetbgintegration, further research that
considers the mediation of other contextual facteush as the impact of the school-level and
system-level on TEs, is needed, as reiteratedhmr studies (e.g., Buabeng-Andoh, 2012a;
Nelson et al., 2019). Further studies could anallgeecombined impact of school-level
characteristics, teacher characteristics, and éxgeriences; for example, teachers who have
TPACK in one setting might adjust their knowledgeidifferent way in another setting.
Conclusion

The usefulness of the TPACK framework for invediiggteachers' technology
integration continues to generate discussion ofdbmrs that affect the complex process and
the adequacy of the framework. As a result, in @aldio the teachers' knowledge constructs
in the TPACK framework, we included in this studher relevant constructs (such as
teachers' demographics, ICT pedagogical practasesthe perceived effect of these practices
on students), which were inspired by the SITES &aork. In this way, we have contributed
to the literature, in terms of theory developméntpresenting the factors influencing the
technology integration of teacher educators withMigerian college of education context.
As Howard et al. (2015) explained, understandigfrielogy integration requires the
knowledge that the process consists of manifolaticriships between and among the
specific factors considered. In other words, nadiashould be considered in isolation, since
its influence can become significant when othetdiacmediate. Our study provides support
for previous studies (e.g., Buabeng-Andoh, 201&an1& Lowther, 2010; Nelson et al.,
2019) that showed the impact of teacher charatitayign technology integration. It differs
from these prior studies, however, because we fuethier and added factors other than age,
subject area, and teaching experience to our mbtitgkover, we included the antecedents of
class size and device ownership, as well as othrestucts—technological knowledge,

knowledge for integrating technology, ICT pedagabjractices, perceived effects of these



practices on students, and professional teachiog/ledige—on teachers’ technology
integration. Claro et al. (2018) presented quitalar findings to ours, although they applied
a different theoretical lens and focused mainlyhlandigital competencies of teachers within
a Chilean context. Highlighted in our study contenats the fact that teachers' access to ICT
tools should no longer be a barrier to technologggration, due to the TES' ownership of
various technological devices. The information eded in this study is relevant for
developing teachers' technology integration stiaggedghe policies of the governing bodies of
the learning institutions where the research waslaoted, school environments in other
regions of Nigeria, and other African countries.

Essentially, TEs should take the lead in mattere£eming technology integration
within the sphere of their classrooms, especialtyshaping future professionals who will be
competent in the future working environment. Ongoméinding from our study, which
raises concern, was that indicated by the loweastribwutors of the study's constructs (e.g.,
ICT pedagogical practices and the perceived etietg#aching students using ICT tools) to
the TEs’ technology integration. Accordingly, timeplication for administrators of
educational institutions is the need for practtcaihing, with examples that show how older
TEs can align their ICT pedagogical practices &medperceived benefits that students gain
through their technology integration. School adstiators can encourage TEs to use their
ICT devices for teaching. The study by Heitink le{2016) emphasized the benefits of
supporting teachers' technology integration praegssing such “authentic” scenarios.
Moreover, such professional development trainingughprovide interactive environments
for teachers' reflection and their recounting gbenences and practices that foster or inhibit
effective ICT integration processes. This studyedfere concludes with a widely-accepted

view that more professional development is neeBgddopting a bottom-up approach, more



information concerning how our model's construets better influence teachers’ technology
integration can be uncovered.

Educational technology integration is difficult.tAbugh it has been studied for over
30 years, there still is no explanation, theory,deip or framework that can explain the
foundations for successful educational technolagggration and how it can be achieved.
This study has highlighted that technology inteigratan be understood as a combination of
individual teacher-level factors (i.e., knowledgerceptions, characteristics, and practices);
thus, we have provided an understanding of soma obmplex series of interconnected
factors. Understanding the challenges of technolotggration into classroom practice calls
for perspectives that situate technology integratwithin everyday classroom routines.
Consequently, we suggest that research on eduahtierhnology integration could benefit
from taking a broad view, recognizing that techgglantegration must be considered
critically and that many of the challenges havelegd, already been identified in existing

research.
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APPENDIX

Table 3: Composite Reliability, Cronbach Alphas, Averageigace Extracted and Inter-construct correlations

CRC CRA AVE Age Subj Teach Clas TDev  Per PKn ICT TeKn PEff Tech

Exp Size Oown TechK  4INg PedPr  Xict Stud INtn

Age 1.000 1.000 1.000 1.000 0.167 0.586 0.008 0.088 -0.041 -0.058 -0.054 -0.022 0.008 -0.158

Subject 1.000 1.000 1.000 0.167 1.000 -0.038 0.270.041 -0.043 -0.072 0.017 0.070 - -0.011
0.002

TeachExp 1.000 1.000 1.000 0.586 -0.038 1.000 -0.091 0.068 0.076 0.047 0.055 0.031 0.113 -0.000
ClasSize 1.000 1.000 1.000 0.008 0.271 -0.091 1.000.077 0.018 0.041 -0.058 0.180 0.102  0.025
TDevOwn  1.000 1.000 1.000 0.088 0.041 0.068 -0.077 1.000 0.172 0.138 0.205 -0.045 0.302 0.201
PerTechK 0.868 0.817 0525 -0.041 -0.043 0.076 8.010.172 0.724 0.603  0.162 0.403 0.207 0.588
PKn4INg 0.935 0.916 0.706 -0.058 -0.072 0.047 0.041 0.138 0.603 0.840 0.209 0.622 0.219 0.809
ICTPedPr 0.896 0.865 0.552 -0.054 0.017 0.055 €0.09.205 0.162 0.209 0.743 0.195 0.280 0.257
TeKnXict 0.922 0.898 0.662 -0.022 0.070 0.031 0.180 -0.045 0.403 0.622 0.195 0.814 0.117 0.644
PEffStud 0.927 0911 0.588 0.008 -0.002 0.113 0.10Q.302 0.207 0.219 0.280 0.117 0.767  0.273

TechINtn 0.926 0.880 0.806 -0.158 -0.011 -0.000 0.025 0.201 0.588 0.809 0.257 0.644 0.273 0.898

Note: CRC = Composite Reliability Coeient, CAC = Cronbach Alphas Coeient, AVE = Average Variance Extracted. The-diagonal elements
depict the correlations among constructs whilebibld fonts in the leading diagonals are the squ@ots of AVEs.



Table 4: ltem loadings and cross-loadings

Age Subject Teach Clas TDev Per PKn ICT TeKn PEff Tech
Exp Size Oown Tech 4INg PedPr Xict Stud INtn
Age 1.000 0.167 0.586 0.008 0.088 -0.041 -0.058 -0.054 -0.022 0.008 -0.158
Subject 0.167 1.000 -0.038 0.271 0.041 -0.043 -0.072 0.017 0.070 -0.002-0.011
TeachExp 0.586 -0.038 1.000 -0.091  0.068 0.076 0.047 0.055 0.031 0.113 -0.000
ClasSize 0.008 0.271 -0.091 1.000 -0.077 0.018 0.041 -0.058 0.180 0.102 0.025
TDevOwn 0.088 0.041 0.068 -0.077 1.000 0.172 0.138 0.205 -0.045 0.302 0.201
TKI -0.053 -0.111 0.023 -0.029 0.092 0.658 0.479 0.142 0.388 0.084 0.447
TKII -0.037  -0.075 0.088 -0.012  0.152 0.828 0.499 0.180 0.372 0.163 0.477
TKII 0.057 -0.043 0.097 -0.075 0.061 0.709 0.375 0.032 0.170 0.128 0.339
TKIV -0.090 -0.014 0.025 0.064 0.158 0.659 0.436 0.096 0.314 0.281 0.472
TKV 0.025 0.089 0.120 0.034 0.227 0.737 0.415 0.152 0.214 0.147 0.401
TKVI -0.084 -0.035 -0.032 0.096 0.056 0.742 0.419 0.095 0.294 0.105 0.425
TCK -0.087 0.000 0.028 0.079 0.090 0.492 0.774 0.067 0.613 0.103 0.661
TPKI -0.124  -0.157 -0.016 0.058 0.143 0.620 0.843 0.085 0.466 0.141 0.683
TPKII -0.039 -0.114 -0.009 0.008 0.195 0.596 0.853 0.241 0.485 0.249 0.724
TPKIII -0.046  -0.057 0.040 0.030 0.035 0.350 0.763 0.229 0.437 0.264 0.592
TPKIV -0.009 -0.047 0.053 0.032 0.051 0.465 0.912 0.179 0.596 0.169 0.713
TPKV 0.001 0.015 0.134 0.006 0.176 0.508 0.887 0.246 0.541 0.182 0.702
IT4Inst -0.034 -0.086 0.121 0.020 0.148 0.259 0.363 0.718 0.240 0.318 0.347
SuppLes -0.009  0.149 -0.019 0.048 0.157 0.189 0.176 0.717 0.179 0.132 0.205
HelpAdv -0.081 0.068 0.012 0.010 0.211 0.185 0.214 0.781 0.186 0.214 0.237
OrgObst -0.124  0.081 -0.015 -0.063  0.251 -0.025 0.062 0.750 0.095 0.148 0.151
EvaStud -0.000 0.037 0.079 -0.121 0.139 -0.043 -0.072 0.754 0.019 0.262 0.087
Feedbac 0.010 -0.106 0.096 -0.144  0.041 0.157 0.130 0.746 0.124 0.169 0.125
ManStgr -0.038  -0.059 0.015 -0.047  0.115 0.130 0.221 0.735 0.175 0.216 0.190
PKI -0.004 0.021 -0.059 0.193 -0.005 0.271 0.551 0.174 0.829 0.041 0.520
PKII -0.076  0.048 -0.069 0.177 -0.112 0.343 0.544 0.149 0.855 0.093 0.538
PKIII -0.055  -0.020 0.062 0.137 -0.129 0.332 0.460 0.136 0.801 0.033 0.450
PKIV -0.116  0.092 0.001 0.095 -0.014 0.349 0.490 0.229 0.812 0.153 0.602
PKV 0.065 0.090 0.135 0.117 -0.039 0.329 0.456 0.071 0.808 0.106 0.490
PCKII 0.087 0.113 0.091 0.156 0.086 0.343 0.535 0.192 0.776 0.147 0.543
KnofSub -0.095  -0.070 0.029 0.069 0.292 0.143 0.180 0.302 0.065 0.899 0.227
ICTSkil -0.090  -0.059 -0.014 0.003 0.265 0.204 0.181 0.297 0.021 0.771 0.158
LearnMo 0.016 0.045 0.040 0.141 0.248 0.216 0.191 0.225 0.063 0.790 0.193
MessSki 0.054 0.031 0.135 0.094 0.147 0.186 0.240 0.252 0.133 0.718 0.249
InfoPrS 0.066 0.100 0.141 0.098 0.091 0.178 0.161 0.190 0.191 0.760 0.214
CoopsSki 0.061 -0.020 0.149 0.035 0.251 0.135 0.134 0.145 0.011 0.705 0.162
SelfDir 0.037 0.030 0.128 0.103 0.236 0.199 0.160 0.112 0.112 0.747 0.255
ProSolS 0.049 0.016 0.145 0.107 0.251 0.105 0.151 0.149 0.097 0.803 0.224
StuConf -0.025  -0.083 0.045 0.051 0.302 0.060 0.112 0.256 0.122 0.706 0.205
TPCKI -0.231  -0.082 -0.038 -0.018  0.167 0.495 0.731 0.169 0.567 0.220 0.906
TPCKII -0.136  0.008 -0.021 0.075 0.204 0.543 0.755 0.195 0.622 0.257 0.897
TPCKIII -0.057  0.047 0.059 0.010 0.170 0.545 0.692 0.329 0.544 0.259 0.890

Note: CRC = Composite Reliability Coeient, CAC = Cronbach Alphas Coeient, AVE = Average Variance Extracted. The-diagonal elements
depict the correlations among constructs whilebibid fonts in the leading diagonals are the squauts of AVESs.



Highlights

* The model in the study depict interactions amortpfs at teacher level that
influence technology integration

» Teachers’ technological knowledge both directly artirectly contributed to
their technology integration

* Teachers’ Information and Communication Technolgmgdagogical practice
was the lowest predictor of technology integration

» The results inform strategic and practical profasai training that could improve

the teachers’ technology integration
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