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This study aimed to validate a second-order structural equation model and to predict the
relevance of and relationships among four factors (i.e., teacher education programs, experiences
from field-based practicums, psychological factors, and the implementation of technology
integration). Each factor consisted of three subfactors, and a questionnaire involving the 12
subfactors was developed and completed by 362 Taiwanese pre-service teachers during
internships. Data analysis reveals that the obtained data did not violate univariate normality and
multivariate normality assumptions. The measurement instrument exhibited construct validity
and discriminant validity. The evaluative results demonstrate an adequate fit to the second-order
structural model. Furthermore, teacher education programs and psychological factors exerted a
substantially positive influence on the implementation of technology integration, whereas field-
based experiences exerted only a small effect.

Introduction

Enabling pre-service teachers to integrate technology into instruction is widely considered beneficial.
According to Schrum (1999), technology skills—based courses, the integration of technology into methods
courses, and a technology-rich field environment are three crucial elements that enable pre-service teachers
to implement technology in their teaching. Pre-service teachers can acquire the skills and methods related to
technology applications in teacher education programs (Anderson & Maninger, 2007; Franklin, 2007;
Kleiner, Thomas, & Lewis, 2007) and school-based field practicums (Compton & Davis, 2010; Doering,
Hughes, & Huffman, 2003; Margaret, Dwight, & Esther, 2005). Numerous studies have considered the
psychological factors that influence pre-service teachers’ use of technology, such as beliefs about technology
integration (e.g., Sadaf, Newby, & Ertmer, 2012; Sang, Valcke, van Braak, & Tondeur, 2010), self-efficacy
beliefs concerning technology integration (e.g., Chen, 2010; Lee & Lee, 2014; Niederhauser & Perkmen,
2010), and attitudes towards technology-assisted instruction (e.g., Abbitt & Klett, 2007; Johnston & Ahtee,
2006). Moreover, Semiz and Ince (2012) evidenced that pre-service teachers’ perception of teacher education
courses positively influenced their implementation of and self-efficacy beliefs about technology integration.
Gibson (2012) indicated that mentor teachers’ encouragements and supports also may influence pre-service
teachers’ willingness to use technology in the classroom. Accordingly, a potential connection is that pre-
service teachers’ implementation of technology integration is influenced by teacher education courses and
field-based experiences through a mediation effect of various psychological factors.

We investigated three factors (i.e., teacher education courses, field-based experiences with mentors, and
pedagogical beliefs) to build a theoretical model that accounts for pre-service teachers’ use of technology in
field-based practicums (Liu, 2012). However, factors affecting pre-service teachers’ use of technology
involve various subfactors. An advanced model involving two-order factors has not yet been completed.

This study tested a second-order structural equation model (SEM) for teacher education programs, field-
based practicums, psychological factors, and the implementation of technology integration, as well as their
subfactors. We also sought to explain the correlation effects of process factors influencing technology use by
pre-service teachers during internships.

Literature review

Effective technology integration requires considering multiple domains of knowledge that support teachers
in using technology to teach subject matter (Niess, 2005). The technological, pedagogical, and content
knowledge (TPACK) framework, involving a complex interplay among three main types of knowledge —
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content knowledge (CK), pedagogical knowledge (PK), and technological knowledge (TK) — was developed
by Mishra and Koehler (2006), and provides a useful theoretical framework for effective use of technology
in teaching (Koehler & Mishra, 2009). Combining the three types of knowledge engenders pedagogical
content knowledge (PCK), technological content knowledge (TCK), and technological pedagogical
knowledge (TPK). Cox and Graham (2009) claimed that the TPACK concept has inspired teachers, teacher
educators, and educational technologists to re-evaluate their TK and classroom application of technology.
Certain studies have investigated TPACK to evaluate how pre-service teachers improved integrating
technology into teaching (Chai, Koh, Tsai, & Tan, 2011; Niess, 2005). To examine pre-service teachers’
implementation of technology in instruction, three types of TPK, TCK, and technological pedagogical
content knowledge (TPCK) that are explicitly related to technology use were considered in this study; PCK
that does not involve technology use was excluded when this study collected data on the implementation of
technology integration.

Teacher education programs

Various teacher education courses provide pre-service teachers with subject content knowledge, PK, and TK.
According to TPACK, subject content, pedagogy, and technology should be regarded holistically when
integrating technology into teaching. However, numerous studies have suggested that teacher education
courses do not prepare pre-service teachers to use technology in instructional settings (e.g., Goktas, Yildirim,
& Yildirim, 2008), even if over half of the relevant institutes acknowledge that technology has become
mandatory when training pre-service teachers as primary- or secondary-school educators (Moursund &
Bielefeldt, 1999).

Although specific teacher education programs have required pre-service teachers to take an instructional
technology course, studies have shown that coursework alone is inadequate to prepare pre-service teachers
to use technology in the classroom (Willis & Sujo de Montes, 2002). A potential reason is that the courses of
technology application focus on technology literacy skills, rather than on how to integrate technology into
classroom instruction (Llorens, Salanova, & Grau, 2002; Russell, Bebell, O’Dwyer, & O’Connor, 2003). A
survey of 1,439 American institutions with teacher education programs revealed that 85% of them offered
an educational technology course but frequently focused on learning about different technologies (Kleiner et
al., 2007). Specific studies have provided integrated instructional approaches accompanied by a detailed
theoretical framework of teacher education courses that can help pre-service teachers advance their TPACK
(Finger et al., 2015; Mouza, Karchmer-Klein, Nandakumar, Ozden, & Hu, 2014; Polly, Mims, Shepherd, &
Inan, 2010). However, Martinovic and Zhang (2012) reported that many teacher education courses are still
inadequate and/or lack sufficient modelling of the pedagogical uses of technology. Awotua-Efebo, Olele, and
Uche (2014) indicated that course models have been inadequate because of a lack of teacher educators’
engaging in course analysis.

Despite a lack of training in integrated courses in teacher education programs, pre-service teachers are willing
to use technology during instruction because of updated views, according to which technology is considered
a useful and valuable tool for preparing classes (Martinovic & Zhang, 2012). Thus, theoretically, pre-service
teachers’ CK, PK, and TK, acquired in teacher education programs, affect their technology integration during
internships.

Field-based experiences

Studies have suggested that teachers’ use of technology is influenced by the organisational context (Chen,
2008; Clausen, 2007; Hermans, Tondeur, van Braak, & Valcke, 2008; Higgins & Spitulnik, 2008; Lim &
Chai, 2008). Organisational contexts can encompass a wide variety of school-level factors such as leadership,
classroom management, physical background, and related relationships. Pre-service teachers might be
limited in their ability to become fully involved in the organisational context of school-based field
experiences because they participate for only half a year. However, pre-service teachers may have
opportunities to experience favourable technology practice with their mentor teachers in school-based field
experiences (Doering et al., 2003; Rosaen, Hobson, & Khan, 2003; Schmid, & Hegelheimer, 2014). Mentor
teachers’ modeling of technology use plays a crucial role in how much the technology is used by pre-service
teachers (Cuckle, Clarke, & Jenkins, 2000; Tondeur et al., 2012). Judge and O’Bannon (2007) devised the
Project IMPACT (Implementing Partnerships Across the Curriculum with Technology) model regarding
field-based technology integration to foster change in technology preparation experiences for pre-service
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teachers. They suggested that the mentor, technology coordinator, and project staff provide mentoring
support to interns. Regarding the integration of technology, various school faculty members, instead of the
organisational context, are vital factors for pre-service teachers. Al-Ruz and Khasawneh, (2011) revealed
that support from teachers and administrators has the highest direct effect on technology integration.

Furthermore, in addition to relationships with mentors and other faculty members, pre-service teachers have
opportunities to learn the practical applications of TPACK from peer interns. The questioning of the ideas of
a pre-service teacher by a peer fundamentally differs from that peer having their ideas questioned by an
experienced mentor teacher (Nokes, Bullough, Egan, Birrell, & Hansen, 2008). Peer interns’ friendships and
interactions are conducive to receiving and providing constructive feedback following lessons (Le Cornu &
Ewing, 2008). A potential reason is that collaboration with peers provides pre-service teachers with a low-
threat learning environment that can reduce anxiety and failure avoidance (Angeli & Valanides, 2009).

Therefore, regarding the implementation of technology integration, pre-service teachers may receive
guidance from, and be influenced by, mentors, peer interns, and faculty members, such as other pre-service
teachers’ mentors and technology coordinators. Consequently, interactions with mentors, peer interns, and
faculty members influence the technology integration of pre-service teachers.

Psychological factors

Teacher beliefs influence their behaviours and are considered an indicator for certain behaviours in class.
Beliefs generally refer to suppositions, commitments, and ideologies, whereas knowledge refers to factual
propositions and understandings (Calderhead, 1996, p. 715). Concerning beliefs, Ertmer (2005) explained
that after gaining knowledge of a proposition, an individual is still free to accept it as being either true or
false. Kim, Kim, Lee, Spector, and DeMeester (2013) defined teacher beliefs in relation to technology
integration (e.g., a teacher believes that the value of using technology in teaching is high because it promotes
the active participation of students and enhances their understanding by using digital resources). Pre-service
teachers’ beliefs about the value of technology integration in the classroom have been identified as vital
predictors of pre-service teachers’ intentions to use technology in their practicums (Anderson, Groulx, &
Maninger, 2011). Furthermore, the pedagogical beliefs of pre-service teachers are critical for successfully
integrating technology (Ertmer, 1999, 2005; Hermans et al., 2008; Sang et al., 2010; Tondeur, van Keer, van
Braak, & Valcke, 2008).

Self-efficacy involves the perception of one’s own competence within a given domain. Self-efficacy beliefs
influence decisions and behaviours, and are influenced by individual experiences within a particular domain.
Self-efficacy beliefs about the ability to use technology in teaching are considered a factor influencing the
decisions that teachers make regarding technology integration in the classroom (Abbitt, 2011).

Based on a definition of attitudes towards behaviour proposed by Fishbein and Ajzen (1975, p. 216), an
individual exhibits positive or negative feelings regarding performing certain target behaviour; therefore, this
study assumed that a pre-service teacher has either positive or negative feelings towards using technology in
teaching. A teacher with a negative attitude might exhibit resistance towards technology in instruction. A
teacher’s attitude towards technology has been demonstrated in numerous studies to be a crucial factor
influencing the implementation of technology integration (e.g., Anderson et al., 2011; Wu, Chang, & Guo,
2008). Pre-service teachers with a positive attitude towards technology tend to integrate technology
successfully in their classroom (Lee & Lee, 2014). For pre-service teachers, the attitude towards technology
integration is a critical factor influencing technology use in teaching (Abbitt & Klett, 2007; Celik & Yesilyurt,
2013).

Thus, numerous psychological factors predict a teacher’s implementation of technology integration, such as

the beliefs about the value of technology integration, the self-efficacy beliefs about the ability to use
technology in instruction, and attitudes towards technology integration.

Teacher education programs, field-based experiences, and psychological factors
Studies have indicated that relationships among teacher education programs, field-based experiences, and

psychological factors influence pre-service teachers’ use of technology during teaching. For example,
Lambert, Gong, and Cuper (2008) showed that pre-service teachers exhibited positive pedagogical beliefs
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about the importance of technology use in education after taking educational technology courses and
indicated that educational technology courses prepared pre-service teachers to use technology effectively in
instruction. Wang, Ertmer, and Newby (2004) reported that goal setting and vicarious learning experiences,
through watching video segments in a teacher education course, substantially affected pre-service teachers’
judgments of self-efficacy in technology integration. Furthermore, teacher education programs also influence
pre-service teachers’ attitudes towards technology integration and lead to a high willingness to use
technology in teaching (Martinovic & Zhang, 2012).

School-based field experiences with technology integration influence pre-service teachers’ beliefs about and
attitudes towards technology integration. Kajder (2005) demonstrated that mentors’ pedagogical beliefs, as
perceived by pre-service teachers, markedly influenced pre-service teacher beliefs on technology use during
internships. Although few studies have indicated that the beliefs of peer interns and other faculty members
regarding pedagogy are associated to those of pre-service teachers, theoretically, pre-service teachers’ beliefs
about and attitudes towards technology integration may be influenced by interactions with school faculty
members. In addition, studies have shown that mentors’ positive attitudes towards technology use positively
affect the attitudes of pre-service teachers towards the use of technology (Aslan, Zachmeier, Glazewski, &
Ottenbreit-Leftwich, 2012). Thus, school-based field experiences affect pre-service teachers’ attitudes
towards both technology integration and further technology integration.

Yusop (2015) evidenced that pre-service teachers' beliefs and attitudes towards technology use are crucial
determinants of the success of technology integration in their classrooms and suggested that teacher educator
programs nurture pre-service teachers’ familiarity and intentions to use technology. In other words, teacher
education programs and school-based field experiences might both directly and indirectly influence pre-
service teachers’ implementation of technology integration through the mentioned psychological factors.

Methodology

Research design

In this study, we tested a second-order SEM to predict the relevance of and relationships among four
categories (i.e., teacher education program [PROG], field-based practicum [FIELD], psychological factors
[PSYCHOQ], and implementation of technology integration [IMPLE]) for Taiwanese pre-service teachers
during internships. A second-order factor model was established to model the relationships in each factor
and their three subfactors, including PROG (i.e., TK, PK, and CK), FIELD (i.e., mentors, peers, and faculty
members), PSYCHO (i.e., beliefs about, self-efficacy beliefs concerning, and attitudes towards technology
integration), and IMPLE (i.e., TCK, TPK, and TPCK), based on literature review. A survey was conducted
for data collection. The SEM model includes measurement and path models. The measurement model was a
conventional confirmatory factor model, which was used to assess data validity, whereas the path model
consists of the direct, mediated, and total effects of one second-order latent variable on another. The sum of
the direct and mediated effects is the total effect (Bollen, 1989).

Research participants

Based on statistical data obtained from the Taiwan Ministry of Education (2013), approximately 3,900 pre-
service teachers participate annually in school-based field practicums in secondary schools across Taiwan.
According to Cohen, Manion, and Morrison (2007), over 350 pre-service teachers constitute an adequate
sample size for achieving a 0.95 confidence level and 5% confidence intervals. The subjects comprised 410
pre-service teachers who participated in field-based practicums between August 2013 and January 2014.
These pre-service teachers were chosen randomly from three main teacher education universities with
secondary teacher education institutes in Taiwan, and were asked to participate in the survey conducted from
January 2014 to March of 2014. We collected 398 questionnaires, of which 362 questionnaires were valid.

The subjects consisted of 118 male (32.6%) and 244 female (67.4%) teachers who had graduated from
teacher education universities with majors in mathematics (10.2%), literacy and language arts (19.6%),
sciences (16.9%), social studies (10.2%), arts and physical education (11.6%), vocational professions
(10.5%), integrative activities (8.3%), and special education (12.7%).

Before participating in field-based practicums, Taiwanese pre-service teachers must major in a teaching field
and complete at least 26 credits in education courses, and be enrolled in at least three courses related to
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instructional methods and technology. In addition, the “Subject/Field-Specific Teaching Method” course is
required. The pre-service teachers were required to design lessons and practise teaching according to their
mentors’ guidance during field-based practicums. Because most of the classrooms in practicum schools were
equipped with technological devices such as overhead projectors, the pre-service teachers could implement
technology integration lessons during field-based practicums.

Instrument

We developed a questionnaire to identify the factors that relate to technology integration by pre-service
teachers in the practicum context. The questionnaire consisted of four categories, of which each category
consisted of three subfactors. Each subfactor consisted of two items. The original items were developed in
Chinese; the items were subsequently translated into English for submission.

In the category of teacher education programs, five pre-service teachers participating in field-based
practicums were interviewed in December 2013 to collect data regarding the perceptions of acquired
knowledge that can enable them to integrate technology in instruction, and to determine how they can acquire
various knowledge bases regarding technology integration in teacher education courses. The items were
developed based on the interview data. In the category of field-based practicum experiences, the items were
developed with a focus on pre-service teachers’ interactions with mentors, peers, and other faculty members
regarding technology use. The items of the third category, addressing pre-service teachers’ psychological
factors, were developed according to the definitions of beliefs about, self-efficacy beliefs concerning, and
attitudes towards technology integration based on the literature. The fourth category, implementation of
technology integration, was based on a TPACK questionnaire from Schmidt et al. (2009).

The responses to each item were scored on a 5-point Likert scale ranging from 1 (strongly disagree) to 5
(strongly agree). All items were repeatedly revised by five professors with relevant expertise. Cronbach’s
alpha was initially calculated to assess the internal consistency and reliability of the 12 subfactors. The alpha
values were as follows: TK, 0.770; PK, 0.653; CK, 0.732; “mentor,” 0.795; “peer,” 0.834; “faculty,” 0.724;
“beliefs,” 0.673; “self-efficacy beliefs,” 0.661; “attitude,” 0.667; TCK, 0.669; TPK, 0.751; TPCK, 0.799;
and the total questionnaire, 0.911. All Cronbach’s alpha values were > 0.6, revealing that the instrument
reached internal consistency reliability.

Data analysis

After data collection, we evaluated homogeneity in the teaching fields of pre-service teachers, multivariate
normality, and validity through factor loadings for the measurement model and the entire model. The model
fits were also analysed.

We conducted one-way analysis of variance (ANOVA) to determine whether the teaching fields in which the
pre-service teachers had majored exerted dissimilar influences on the 12 subfactors. The analytical results
reveal insignificant differences in teaching fields (TK, F = 1.283, p > .01; PK, F =0.769, p > .01; CK, F =
1.414, p > .01; mentor, F = 2.176, p > .01; peer, F = 1.222, p > .01; faculty, F = 1.399, p > .01; beliefs, F =
1.763, p > .01, self-efficacy beliefs, F = 2.635, p > .01; attitude, F = 1.840, p > .01; TCK, F=1.958, p > .01;
TPK, F=2571p>.01; TPCK, F =0.765, p >.01). This eliminated the potential effect of the teaching fields
on the 12 subfactors.

Assessment of multivariate normality

The SEM programs involved conducting maximum likelihood estimation, which is robust for normality
violations and provides remedies for nonnormal variables. According to Bollen and Long (1993), when both
skewness and kurtosis coefficients have absolute values < 2.0, univariate normality is achieved. We generated
coefficients from -0.815 to -0.187 for skewness and -0.769 to 0.399 for kurtosis (Table 1). The data did not
violate the univariate normality assumption for each observed variable. According to Bollen (1989), when
Mardia’s coefficient is less than p (p + 2), where p is the number of observed variables, multivariate normality
exists. In this study, Mardia’s coefficient was 96.208, and p = 24, 96.208 < 24 X (24 + 2) = 624; thus,
multivariate normality existed.
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Table 1

Descriptive statistics and assessment of normality

ascilite

Observed variables Items Mean  SD  Skew  Kurtosis

TKO1 My technological knowledge from the teacher 3.93 822 -0465 -0.257
education university can enable me to integrate
technology in teaching.

TKO02 My classmates and | in the teacher education courses 3.85 .802 -0.339 -0.313
can share our experiences of technology integration
with each other.

PKO1 My pedagogical knowledge from the teacher education ~ 4.15 .736 -0.502  -0.227
university can enable me to integrate technology in
teaching.

PK02 I can seek opportunities to observe teachers’ instruction  4.28 791 -0.786  -0.255
(including the use of video) for promoting my own
instructional skills during learning in the teacher
education courses.

CKo1 My subject content knowledge from the teacher 410 .779 -0.637 0.266
education university can enable me to integrate
technology in teaching.

CKo02 I can discuss subject content knowledge with my 4.07 .849 -0.778 0.399
classmates in the teacher education courses.

mentor01 My mentor encourages me to use technology in 349 1.035 -0.241 -0.523
internships.

mentor02 I can ask my mentor for advice on using technology in 3,50 1.010 -0.371  -0.187
practicing teaching.

peer01 I can ask peer interns for advice on using technology in  3.85 .998 -0.793 0.22
practicing teaching.

peer02 My peer interns and | can share our experiences of 3.88 979 -0.772 0.176
technology integration with each other.

faculty01 I can receive guidance from school faculty members 345 952 -0.187  -0.408
when | intend to implement technology integration.

faculty02 I can receive support from school faculty members 3.70 .844 -0.228 -0.394
when | integrate technology.

belief0l I believe that teaching with technology is more 3.92 .845 -0.470 0.037
effective than traditional teaching.

belief02 I believe that technology is critical for enhancing 422 786 -0.707  -0.153
student learning.

self- I believe that | can implement sufficient technology 3.88 .854 -0.376  -0.400

efficacy0l integration during my practicing teaching.

self- I believe that | have sufficient ability to design the 403 815 -0450 -0.451

efficacy02 teaching activities by using technology in practicing
teaching.

attitude01 I think that teachers should have the ability to integrate  4.23 .773  -0.815 0.279
technology into teaching.

attitude02 I think that teachers should spend time to prepare 3.92 821 -0.327 -0.227
technology-integration activities.

TCKO01 I designed digital materials for specific subject contents 3.91 .879 -0.307  -0.769
during field-based practicums.

TCKO02 I tried to adjust subject contents for specific 3.78 908 -0.379 -0.616
technological tools during field-based practicums.

TPKO1 I changed my instructional strategies to use specific 3.99 873 -0.674 0.227
technological tools during field-based practicums.

TPKO02 I used various technological tools for specific 3.97 .896 -0.769 0.201
instructional strategies during field-based practicums.

TPCKO1 I applied the technology that | use in my teaching to 3.96 .856 -0.611 0.229
enhance students’ learning of specific subject contents
during field-based practicums.

TPCKO02 I implemented a lesson that appropriately combines 3.94 821 -0483 -0.079
specific subject contents, technological tools, and
instructional strategies during field-based practicums.

Mardia’s coefficient 96.204 28.163
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Validity

To assess validity, we calculated the standardised regression loading of each observed variable for evaluating
construct validity, as well as the average variance extracted (AVE) for identifying discriminant validity, and
compared them with correlation coefficients for latent variables.

Each item was loaded significantly on its corresponding first-order factor, according to the standardised
factor loadings, which were 0.602-0.869 (t values, 6.16-14.71, p < .01), as shown in Table 2. In addition,
each first-order was loaded significantly on its higher second-order factor (t values, 6.29-10.14, p < .01).
According to Hair, Anderson, Tatham, and Black (1998), when the construct validity of latent variables
exceeds 0.60, the measurement instrument exhibits construct validity. The construct validity of each latent
variable was 0.667-0.841 in all first-order latent variables, and that of all second-order latent variables was
0.779-0.966; therefore, > 0.60 (Table 2).

Table 2
Construct and discriminant validity
Second-order  First-order  Items First-order factors Second-order factors
construct construct Loading Construct AVE .AVE Loading Construct AVE AVE
TK TKO1 0.737 0.700 0.538 0.734 0.664
TKO02 0.730
PROG, teacher PKOL 0813
education PK PKO2 0.602 0.672 0512 0.716 0.975 0.810 0594 0.771
program CKOL 0.798
CK CKO2 0.725 0.735 0.581 0.720 0.669
mentor mentor0l 0753 767 0650 0806 0.768
. mentor02  0.856
FIELD, field- cerol 0.858
based peer peeroz 0.846 0.841 0.726 0.852 0.664 0.779 0541 0.736
experience ?acultyOl 0.803
faculty faculty02 0.697 0.721 0.565 0.752 0.771
beliefs belief0l 0660 657 0525 0725 0956
belief02 0.784
PSYCHO, self-efficacy efficacy0l 0.776
psychological . - - 0.669 0.505 0.711 0.994 0.966 0.904 0.951
p beliefs efficacy02 0.638
actors attitude01  0.672
attitude Attitude02 0745 0.669  0.503 0.709 0.900
TCKO1 0.708
IMPLE, TCK TCKO2 0.707 0.667 0.501 0.708 0.919
implementation TPKO1 0.742
of technology TPK TPKO2 0811 0.753 0.604 0.777 0.928 0.936 0.829 0.910
integration TPCKO01 0.767
TPCK TPCKO2 0.869 0.803 0.672 0.820 0.884
*p<.05

In addition, the AVE of each first-order latent variable exceeded 0.5 (0.503-0.726), and all the square roots
of AVE (0.709-0.852) for the 12 subfactors exceeded the correlation coefficients among subfactors (Table
3), demonstrating favourable discriminant validity (Anderson & Gerbing, 1988). Moreover, in the four
second-order latent variables, each AVE for the second-order factor (0.541-0.904) also exceeded 0.5, and
the square roots of the AVE (0.736-0.951) were greater than the correlation coefficients among four second-
order constructs (correlation coefficients, 0.397-0.635, p < .01), consistent with the requirement of
discriminant validity.
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Table 3
Correlation coefficients among 12 subfactors
1 2 3 4 5 6 7 8 9 10 11
TK (1) 1
PK (2) 429™
CK (3) 373" 543
Mentor (4) 284 252* 289"
Peer (5) 3717 2627 296" 375"
Faculty (6) 260" 223" 259" 513" 354
Beliefs (7) 3457 317 284" .244™ .306™ .309™
Self-efficacy (8) 395" 277" 319" 246" 298" 290" 627"
Attitude (9) 2737 2277 330" 223" .238™ .238™ 552" .626™
TCK (10) A77T 380" 333" 256" .286™ .219™ 437" 535" .388™
TPK (11) 502" 316" .312"" .303™ .372"™ 330" 439" 5777 .384™ .607"
TPCK (12) 509" 331" 382" 304" 355" 328" 440" 536" 472 595 634
“p<.01

Evaluation of the entire model

Structural equation modeling enabled determining the significance of variance in the entire model. In this
study, the first-order latent variables in each category were reflective of one second-order latent variable (i.e.,
PROG, FIELD, PSYCHO, and IMPLE). According to Kline (2005), the suggested »?/df value is < 3 (p > .05)
for large samples. For each second-order factor model, confirming that y%/df < 3, p = .092-.326, indicating
that the value was adequate. Furthermore, according to the suggested guidelines by Bollen (1989), Kline
(2005), and Pedhazur (1997), all other values related to model-fit indices were favourable; that is, each
second-order factor model exhibited a favourable fit. Table 4 lists the model-fit results.

This study evaluated the entire model of correlations among four second-order latent variables. Table 4 shows
that »?/df = 1.149 (p = .063 >.05), indicating that the model exhibited a favourable fit according to the values
of model-fit indices. Consequently, the SEM involving the four second-order latent variables, PROG, FIELD,
PSYCHO, and IMPLE, was confirmed.

Table 4

Results of model fit indices for the model

Model fit indices 2 1df (p) CFl  GFI AGFI NFI IFI RMR RMSEA

Suggested guidelines <3(p>05 =9 =9 =9 =9 =9 <.05 <.05

Single second-order factor model
PROG 1.666 (.139) .994 992 968 .986 .994 .013  .043
FIELD 1.813(.092) .994 990 .965 .986 .994 .038  .047
PSYCHO 1.656 (.174) 997 995 .968 .994 997 .014  .043
IMPLE 1157 (.326) .999 993 977 .992 999 .011  .021

For second-order structural model 1.149(.063) .991 946 .926 .935 .991 .028 .020

Path analysis

Figure 1 shows the path coefficients of the four second-order latent variables. Two of the five path estimates
were insignificant, and the remaining ones reached a significant p value (p < .01). All path coefficients were
positive. According to Cohen’s recommendation, the interpretations of the effect size of correlations are
based on standardised path coefficients with absolute values: a small effect (< 0.1), moderate effect (> 0.1, <
0.5), and large effect (> 0.5) (Kline, 2005). The total, direct, and indirect effects among the four latent
variables were calculated.

Although the direct effects of FIELD on IMPLE and PSYCHO were significant, the effect of FIELD on
PSYCHO was 0.203, that of PSYCHO on IMPLE was 0.253, and the indirect effect of FIELD on IMPLE
was 0.051, indicating a small effect.

The standardised effect of PROG on IMPLE was 0.463, that of PROG on PSYCHO was 0.487, that of
PSYCHO on IMPLE was 0.253, and the total effect of PROG on IMPLE was 0.586 (0.463 + 0.487 x .253
= 0.586), indicating a large effect.
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Finally, the standardised effect of PSYCHO on IMPLE was 0.253, indicating a moderate effect.

PK
PK02 PROG
CKo1 .669

CK
CKO02

Figure 1. Path coefficients of the second-order SEM model (p < .01)

Conclusion and discussion

We used the SEM method to explain the relationships among four factors (teacher education programs, field-
based experiences, psychological factors, and implementation) in technology integration for pre-service
teachers. Based on literature review, each factor comprised three subfactors. This paper presents a hypothesis
that the three subfactors of each factor could be reflective of one second-order latent variable; furthermore,
the implementation of technology integration by pre-service teachers is explained directly or indirectly by
the remaining three factors. The evaluative result exhibits an adequate fit in four second-order latent variables,
and confirmed a SEM model. Furthermore, teacher education programs and psychological factors exerted a
substantial and positive influence on the implementation of technology integration, whereas field-based
experiences exerted only a slight influence.

Specifically, PROG substantially affected IMPLE. This finding demonstrates that pre-service teachers’ TK,
PK, and CK, acquired from teacher education programs, enabled them to use technology when teaching.
FIELD revealed a minor effect on IMPLE. The interactions of pre-service teachers with mentors, peer interns,
and other faculty members during field-based practicums did not lead to pre-service teachers integrating
technology into instruction.

The literature review revealed that pre-service teachers can acquire the skills and methods related to
technology applications from various types of technology-skills-based courses and methodology courses, in
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relation to subject matter, during teacher education courses (Anderson & Maninger, 2007; Franklin, 2007;
Kleiner et al., 2007). Our findings reveal that TK, PK, and CK acquired in teacher education programs are
crucial factors in predicting pre-service teachers’ implementation of technology integration. Although
previous studies have suggested that coursework alone is insufficient for enabling pre-service teachers to
integrate technology in teaching (Willis & Sujo de Montes, 2002), the pre-service teachers in this study
perceived that they could acquire sufficient knowledge related to technology, pedagogy, and subject content
from teacher education courses (the average score of the items in TK01, PK01, and CKO01 exceeds 4 and the
average score of other factors). Moreover, the pre-service teachers could gain experience related to
technology, pedagogy, and subject content (average score of the items in TK02, PK02, and CK02 exceeds 4
and the average score of other factors) during teacher education programs. The provided knowledge base
and experience enabled the pre-service teachers to implement certain technological applications.

Furthermore, pre-service teachers in general might consider technology a useful tool for instruction, leading
to positive attitudes towards technology integration and an increased willingness to use technology during
teaching (Martinovic & Zhang, 2012). Thus, teacher education programs have the most substantial influence
on the implementation of technology integration, regardless of direct and indirect effects.

Our previous study (Liu, 2012) reported that teacher education courses did not substantially affect the
implementation of technology integration for pre-service teachers. The survey in the previous study involved
asking pre-service teachers whether teacher education courses provide them with technology integration
knowledge. Because of the lack of integration of various types of teacher education courses, as reported in
the literature, the assertion that teacher education courses have no effect was reasonable in the previous study.
Nevertheless, the present study involved asking pre-service teachers their perceptions of TK, PK, and CK
acquired from teacher education programs in the application of technology integration. With reports on the
acquirement of TK, PK, and CK as well as updated views, pre-service teachers may integrate various types
of knowledge to implement technology integration. In other words, the previous study focused on integrating
knowledge from teacher education programs and revealed no effect, whereas the present study considered
the sources of knowledge, and determined an effect on the implementation of technology integration.
Therefore, the subfactors warrant consideration.

An additional finding of this study reveals that school-based field experiences exerted only a small effect on
the implementation of technology integration for pre-service teachers. According to previous studies, pre-
service teachers have numerous opportunities to experience adequate technology practice through
interactions with their mentors and faculty members (Doering et al., 2003; Rosaen et al., 2003). Relevant
literature also indicates that pre-service teachers’ interactions with faculty members and peers regarding
technology use influence their technology integration (Le Cornu & Ewing, 2008; Schmid, & Hegelheimer,
2014). The learning interactions with various school faculty members might be a critical factor influencing
pre-service teachers’ technology integration. In this study, the pre-service teachers stated that they did not
interact sufficiently with mentors, peer interns, and other faculty members before integrating technology into
teaching; this finding is based on the average score (3.645) of the items in FIELD, the lowest score among
all factors. Therefore, school-based field experiences exerted only a small effect on the implementation of
technology integration for pre-service teachers in this study. The present study determined that the low
interactions regarding technology use in instruction reduced the implementation of technology integration.

Similar to other studies (e.g., Abbitt, 2011; Anderson et al., 2011; Sang et al., 2010), this study determined
that psychological characteristics involving pedagogical beliefs about, self-efficacy beliefs concerning, and
attitudes towards technology integration influenced pre-service teachers’ implementation of technology
integration. Moreover, based on the findings of previous studies (Lambert et al., 2008; Martinovic & Zhang,
2012; Wang et al., 2004), field-based experiences and teacher education programs can shape pre-service
teachers’ beliefs about, self-efficacy beliefs about, and attitudes towards technology integration. However,
as asserted in this study, because of the acquirement of TK, PK, and CK, and low interactions with school
personnel in field-based practicums, teacher education programs substantially affected psychological factors
for pre-service teachers, whereas field-based experiences exerted no substantial effect. The psychological
characteristics mediated the effects involving technology-integration activities for pre-service teachers.
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This study contributes to the literature by providing an entire model that explains the associations between
pre-service teachers’ implementation of technology integration and three crucial process factors: teacher
education programs, field-based experiences, and personal psychological factors. On the basis of evaluating
a second-order SEM, this study also provides evidence regarding the appropriateness of the subfactors to
explain each crucial factor of technology integration in pre-service teachers’ during teaching.

Implications and limitations

Based on the conclusion of this study, we verified the second-order SEM regarding the effects of teacher
education programs, field-based practicums, psychological factors, and the subfactors regarding the
implementation of technology integration for pre-service teachers. The research model can serve as a base
model for future studies. Moreover, this study determined that the pre-service teachers did not interact
sufficiently with mentors, peer interns, or other faculty members before integrating technology, thus showing
a small effect of field-based experiences on the implementation of technology integration. By comparing the
results of this study with those of previous studies regarding the effects of field-based experiences on
interactions with mentors and faculty members in technology integration, future studies could investigate
why pre-service teachers exhibit little interaction with school faulty and peer interns when using technology.

This study proposes that teacher education programs both directly and indirectly affect pre-service teachers’
implementation of technology integration through psychological factors. However, this study could not
obtain real contents of teacher education courses to identify the approaches of teacher education programs.
Instead, this study relied on self-reports of pre-service teachers for various knowledge bases regarding
technology integration courses. Thus, this study has one limitation: a bias may be attributable to different
approaches in the consideration of teacher education programs.
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