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Abstract: Teacher education must provide the knowledge and skills necessary for technology integra-
tion, but also influence attitudes and beliefs. Little research has been conducted on how knowledge,
beliefs, and attitudes predict teachers’ intentions to use technology. The aim of this study was to iden-
tify how perceived knowledge about technology integration, and beliefs and attitudes towards using
technology, impact the intention to use technology among student teachers. The sample consisted of
232 student teachers from the University of Tartu. Data were collected using a questionnaire based
on elements of two different models. Validating the technology acceptance scale using a confirmatory
factor analysis identified that perceived usefulness was split into two constructs: perceived usefulness
for students and perceived usefulness for teachers. Path analysis, as a special type of structural
equation modelling, was used to test 11 hypotheses. The results showed that both perceived ease of
use and attitude to use have direct effects on intention to use. Still, perceived usefulness for teachers
and perceived knowledge displayed an indirect influence. Based on these results, it is important that
student teachers should be convinced that technology is easy to use in teaching.

Keywords: student teachers; intention to use; knowledge about technology integration; beliefs for
using technology; path analysis

1. Introduction

In the last decade, increased attention has been paid to the development of digital
skills across the entire population, so that each person can use different e-opportunities [1].
The aim of the Education Strategy 2021–2035 [2] in Estonia is that all people have the
knowledge, skills, and attitudes to enable them to manage in every area of life. Such an aim
certainly requires digital skills today. In the case of teachers, the aim is to develop the skills
and willingness to engage in technological integration in teaching. The use of technology
is necessary, in the context of teacher professional development and for students, to engage
and motivate teachers and students, improve their comprehension, and develop their
technological skills [3]. The use of technology provides greater flexibility in teaching,
allowing, for example, accounting for different types of intelligence and interests [4].
The COVID pandemic, which began worldwide in spring 2020, has brought this issue even
more into focus. School closures and the need for teachers to teach students remotely have
contributed to a new situation wherein teachers can no longer choose whether or not to use
technology in the teaching process. It is elementary and inevitable in this new situation.
Therefore, more attention is being paid to studying the intention to use technology; in other
words, the degree to which a teacher is willing to use technology [5], or the degree to which
a teacher would like to use technology in the future [6].

Although Estonia is widely known as a successful digitally developed country, and
despite the fact that our teachers’ technology skills are generally good [7] and several
schools have conducted e-learning days [8], teachers were still confused and faced trouble
during the distance learning period in spring 2020 [9]. Teacher education must prepare
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future teachers so that they have the positive ability and desire to integrate technology into
their teaching, because otherwise, it will be impossible for teachers to manage the demands
of modern education. However, it has been found that the new generation of teachers
is also struggling, and unfortunately, student teachers are often insufficiently prepared
for integrating technology [10]. The preparation of student teachers is also important
because the experience and practice in using technology gained during teacher education
has influenced their subsequent use of technology [11].

It is important, in the preparation of student teachers, to understand what influ-
ences their intention to use technology. In addition to knowledge and skills, researchers
(e.g., [12,13]) have also emphasized the important role of beliefs in whether and how
teachers will use the possibilities of technology in their work. With this knowledge about
the factors that influence the intention to use technology, we can plan teacher education
curricula not only to help teachers acquire the necessary skills, but also to help shape their
attitudes and beliefs.

The integration of technology into teaching is complex and influenced by different
factors [14]. It is influenced on the one hand by external factors, such as the availability
of technical resources and support, and on the other hand by internal factors, such as
knowledge, skills, beliefs, and attitudes. To change technology use among teachers, Ertmer
and Ottenbreit-Leftwich [15] highlighted in their literature review four variables of teacher
change: knowledge, beliefs and attitudes, self-efficacy, and school culture. Therefore, the
use of technology in teaching is influenced primarily by objective factors, the teacher’s
professional knowledge and skills, and secondarily by their subjective beliefs and atti-
tudes [16]. The integration of technology by teachers can be affected by various barriers,
which can also be divided into external factors (e.g., time, support, resources) that are
outside the teacher’s control and internal factors (knowledge, self-efficacy, beliefs, and
attitudes). The latter can be controlled and changed [17,18], although it is difficult to change
beliefs and attitudes [19].

Teacher education should focus on influencing internal factors. If teachers have strong
enough beliefs and knowledge, they will overcome the barriers to integrating technology
into their teaching [15,18].

1.1. Knowledge and Skills

The conception of professional knowledge needed for teachers has changed over
time from a focus purely on content knowledge [20]. Areas of knowledge among teachers
have also been seen as either separate and independent areas [21,22] or as integrated [20].
To use technology, knowledge about technology is important in addition to content and
pedagogical knowledge. Hence, Mishra and Koehler [23] developed the TPACK model
consisting of seven parts. The conceptual knowledge that goes into integrating technology
could be viewed as a combination of three components of this model: technological
pedagogical knowledge (TPK), technological content knowledge (TCK), and technological
pedagogical and content knowledge (TPACK) [24]. However, the relationship between
TPACK and technology integration has not been fully understood [25].

In some cases, it is difficult to determine the distinction between knowledge and
beliefs [13]. Instruments used to measure knowledge are, in many instances, self-reporting
scales [25,26], or interviews (e.g., [20]) that do not measure real knowledge, but perceptions
about knowledge, which might also be viewed as beliefs. Several studies have found
relationships between knowledge or perceived knowledge and beliefs. It has been reported
that perceived TPACK knowledge is positively related to self-efficacy for integrating
technology [27] and the intention to integrate technology into teaching [28,29]. Studies
have also found that attitudes towards technology were related to TPACK knowledge and
the skills of student teachers via a two-way effect—positive attitudes were associated with
higher evaluations of TPACK competencies and vice versa [25]. At the same time, beliefs
play an important role in the acquisition of knowledge [13], and it has been found that
teachers and attitudes influence knowledge [14].
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1.2. Beliefs and Attitudes

Besides knowledge, beliefs and attitudes are also important for influencing teachers’
behaviour and decisions [13] because beliefs and attitudes as internal factors could be
controlled and changed [18]. However, Rienties et al. [30] have found that university
professional development courses for teachers increased their knowledge. Still, after
delivering pure knowledge, beliefs remained unchanged, so those authors concluded
that changing the attitudes and beliefs of senior teachers is a difficult and long process.
In addition to the curricula, teacher educators and mentor teachers are also very important
in teacher education, as they act as important role models for future teachers in terms of
technology integration [26]. Therefore, more attention needs to be paid to student teachers’
beliefs and attitudes in teacher education curricula.

Regarding technology integration, the two most commonly mentioned beliefs are
perceived usefulness and perceived ease of use [5,31–33]. Perceived usefulness could be
defined as the degree to which a teacher believes that using technology would help them to
improve performance. Perceived ease of use is explained as the degree to which a teacher
believes that using technology would be free of effort, that technology can be integrated
into teaching without particular difficulty [5,31].

Attitudes are formed by beliefs [13], meaning that an attitude can be based on the
overall evaluation of different beliefs [26]. Attitude toward technology use (ATU) is defined
as teachers’ willingness to use technology in the classroom [26] or the degree of positive
feelings about the use of technology [31]. Attitude toward technology use has also often
been discussed in studies as influencing the intention to use technology [31–33].

Several models have been developed to study the influence of beliefs and attitudes
about the intention in teachers and student teachers to use technology [34]. Probably the
most common is the technology acceptance model (TAM) elaborated by Davis [35], which
was then modified by Davis and colleagues [5]. In this model [5], the beliefs of perceived
usefulness and perceived ease of use influence attitude toward use. In addition, perceived
ease of use influences perceived usefulness, and perceived usefulness in turn along with
attitude toward use directly influence intention to use. The TAM model has been used
in several studies [6,28,33,36] and in different cultural settings (e.g., [32]). However, not
all studies have confirmed the TAM model. For example, in some studies [13,28], a direct
effect of perceived ease of use on intention to use was not found. In addition, the results
of one study [36] confirmed neither the hypothesis that perceived ease of use has a direct
effect on attitude toward use nor the hypothesis that attitudes in turn to the intention to
use technology.

Earlier studies have found different results about the relationships between beliefs,
attitudes, and the intention to use technology in teaching. In the case of student teachers
in Singapore and Malaysia, perceived usefulness of technology, ease of use, and attitude
toward computer use were found to be key determinants of behavioural intention toward
technology use [32]. More specifically, some studies have found that intention to use
is directly affected by perceived usefulness [31,33,36] and attitude toward use [31,33].
In contrast, it has been found that attitude does not affect intention to use [36]. Furthermore,
the role of perceived ease of use is not clear. In some studies, perceived ease of use had
an indirect impact on intention to use via perceived usefulness [31,36] and attitudes [31].
However, the results of another study [36] indicate that perceived ease of use did not affect
attitude toward use. In addition, it was found in [31,33] that attitudes influenced intention
to use, but such an effect was not found in [36].

In general, these beliefs and attitudes have been found to impact the use of technology
in teaching [15,37,38]. Therefore, it is very important to focus on the use of technology
in teacher education in order to support positive attitudes and form an understanding
that the use of technology is valuable in teaching, useful for both teachers and students,
and easy.
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1.3. Behavioural Intention to Use Technology in Education in Relation to Knowledge, Beliefs,
and Attitudes

Previously, we discussed research wherein the effects of either the teacher’s knowledge
and skills or beliefs and attitudes on the intention to use technology were studied separately.
There have been quite a few studies that combined teacher knowledge and skills as well
as beliefs and attitudes and studied how these all affected the intention to use technology
in teaching—with samples of Korean [6], Serbian [29], and Chinese student teachers [28].
At the same time, a study with a sample of Turkish student teachers [14] studied how the
use of ICT and attitudes toward technology predicted TPACK knowledge. Farjon et al.
also presented an interesting study [10] wherein the integration of technology by student
teachers was explained using the WEST model, which combines will, experience, skills,
and tools. In that study, attitudes and beliefs (= will) were found to have the strongest
impact on technology integration.

Both factors—attitudes towards the use of technology in education and teachers’
knowledge—are critical to the integration of technology. Several studies have addressed
these aspects, but the relationships between them have not been fully understood [25].
Furthermore, along with teacher beliefs, teacher readiness has also shown a positive direct
effect on technology integration [39].

Earlier studies have found different results about the relationship between beliefs,
attitudes, and knowledge. In the case of teachers [39], it was found that their technology
integration practices have influenced directly by knowledge and beliefs (including self-
efficacy). More specifically, slightly contradictory results can be pointed out. While some
studies [28,29] found that the intention to use technology was directly affected by TPACK
knowledge, results from one study [6] showed that TPACK knowledge did not have a
direct impact on intention to use, but influenced it indirectly through teacher self-efficacy,
ease of use, and perceived usefulness. The latter three all directly affected the intention
to use.

Different results have also been obtained using models regarding the effect of beliefs
on the intention to use technology. The strongest effect of perceived usefulness on the
intention to use was found in [6,16]. In contrast, other studies claimed that there was
no significant effect between perceived usefulness and intention to use [29] and that the
intention to use was influenced directly by perceived usefulness and attitude toward use,
but indirectly by ease of use, the impact of which was mediated by perceived usefulness
and attitudes [28].

1.4. The Aim, Research Questions, and Hypotheses

As previous studies have found, in the preparation of teachers, attention must be
paid to knowledge and skills as well as to the formation of positive attitudes and beliefs
about the usefulness of technology [29]. However, the factors influencing intention to
use technology and the relationships between these factors have not yet been sufficiently
studied (e.g., [18,25]), and the results are contradictory. Therefore, the aim of this study
was to identify the impact of perceived knowledge about technology integration, beliefs
about using technology, and attitude towards use on intention to use technology among
student teachers.

Among preservice teachers, studies have assessed the effect of professional knowledge
on intention solely to use (e.g., [14]) and how beliefs affect intention to use (e.g., [33]). A few
studies [6,28,29] estimated a model that included three dimensions: knowledge, beliefs, and
attitudes. The present study focused on perceived knowledge about technology integration
and on beliefs about using technology (perceived ease of use and perceived usefulness)
from the TAM model, attitude toward using technology in education, and intention to use
technology in education. Going beyond the previous studies, we also separately analysed
perceived usefulness for students and perceived usefulness for teachers. According to
the hypothesized model (Figure 1), we formulated four research questions and eleven
hypotheses.



Educ. Sci. 2021, 11, 564 5 of 14

Figure 1. Hypothesized model.

The results concerning the influence of perceived knowledge about technology inte-
gration on perceived ease of use in the models evaluating the effect on intention to use have
to date been contradictory. One previous study [6] proved that perceived knowledge about
technology integration positively influenced student teachers’ perceived ease of using
technology, but [28] did not support such a link. The results about the influence of TPACK
on intention to use are also mixed. A positive significant effect between these constructs
in the case of student teachers was found in some studies (e.g., [28,29]), but [6] found that
TPACK did not directly affect student teachers’ intention to use technology. However,
Pajares [13] pointed out that knowledge, not beliefs, influences teachers’ decision-making,
and therefore, our first research question was about the influence of perceived knowledge
about technology integration.

Research question 1 (RQ1): How does the perceived knowledge about technology
integration in student teachers influence their perceived ease of use and intention to use
technology in education?

Hypothesis 1 (H1). Student teachers’ perceived knowledge about technology integration has a
positive effect on their perceived ease of use.

Hypothesis 2 (H2). Student teachers’ perceived knowledge about technology integration has a
positive effect on their intention to use.

According to the TAM model [5], perceived ease of use influences perceived useful-
ness. This direct effect was also confirmed by several previous studies (e.g., [6,28,33,36]).
However, the effect on the two separate dimensions of perceived usefulness (perceived
usefulness for teachers and for students) and the link between these two separate influences
has not been previously studied. Therefore, our second research question was about the
links between the perceived ease of use and perceived usefulness for teachers and students.

Research question 2 (RQ2): How does student teachers’ perceived ease of use influence
their perceived usefulness, and how are perceived usefulness for students and for teachers
related?

Hypothesis 3 (H3). Student teachers’ perceived ease of use has a positive effect on their perceived
usefulness for students.

Hypothesis 4 (H4). Student teachers’ perceived ease of use has a positive effect on their perceived
usefulness for teachers.
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Hypothesis 5 (H5). Student teachers’ perceived usefulness for students has a positive effect on
their perceived usefulness for teachers.

The TAM model [5] states that two specific beliefs, perceived usefulness and perceived
ease of use, influence a person’s attitude toward using technology. This model was con-
firmed empirically using a sample of student teachers in Singapore and Malaysia [32]. In
our study, we separated perceived usefulness for teachers and perceived usefulness for
students, and therefore, the third research question was about how three specific beliefs—
perceived ease of use, perceived usefulness for students, and perceived usefulness for
teachers—influenced student teachers’ attitude toward using technology.

Research question 3 (RQ3): How do student teachers’ beliefs about using technology
influence their attitude toward using technology in education?

Hypothesis 6 (H6). Student teachers’ perceived ease of use has a positive effect on their attitude
toward using technology in education.

Hypothesis 7 (H7). Student teachers’ perceived usefulness of technology for students has a positive
effect on their attitude toward using technology in education.

Hypothesis 8 (H8). Student teachers’ perceived usefulness of technology for teachers has a positive
effect on their attitude toward using technology in education.

According to the TAM model [5], perceived usefulness and attitude toward use have
a direct effect on intention to use. These two constructs, together with perceived ease of
use, were identified as key determinants of behavioural intention [32]. Perceived ease of
use and perceived usefulness as influencers of the intention to use have also been reported
by several studies (e.g., [6,16,33]). However, in a study by Teo [31], only the direct effects
of perceived usefulness and attitude toward use were confirmed, and perceived ease of
use only influenced intention to use indirectly through these two constructs. The indirect
influence of perceived ease of use mediated by perceived usefulness was also reported by
Mei et al. [28]. Our last research question was about the two specific beliefs and attitude
toward using technology that influence student teachers’ intention to use technology in
education.

Research question 4 (RQ4): How do student teachers’ beliefs about using technol-
ogy and attitude toward using technology in education influence their intention to use
technology in education?

Hypothesis 9 (H9). Student teachers’ perceived ease of use has a positive effect on their intention
to use technology.

Hypothesis 10 (H10). Student teachers’ attitude toward using technology in education have a
positive effect on their intention to use technology.

Hypothesis 11 (H11). Student teachers’ perceived usefulness for teachers has a positive effect on
their intention to use technology.

2. Materials and Methods
2.1. Sample

The sample consisted of 232 student teachers from the University of Tartu. In our
sample, 205 (88%) were female student teachers, which corresponds to the general data
on teachers (2020) in Estonia, where it is reported that 86% of teachers are female. Of the
respondents, 103 (44%) studied at the bachelor level and 129 (56%) at the master’s level.
The average age of the respondents was 31.8 (SD = 10.44). Almost half of the participants
in our sample (108) had teaching experience, with the average length being 3.0 (SD = 6.05)
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years. According to the TALIS survey [7], beginning teachers are on average 36 years old,
and in Estonia, several student teachers, before studying or at the same time of their studies,
already work in schools as teachers with temporary contracts.

2.2. Data Collection

A questionnaire consisting of two parts and using a 5-point Likert-type scale (1—
strongly disagree, 2—disagree, 3—neither agree nor disagree, 4—agree, and 5—strongly
agree) was used in this study. The first part of the questionnaire measured perceived pro-
fessional knowledge according to the TPACK framework and consisted of 32 items. Based
on confirmatory factor analysis (CFA), items in seven theoretical constructs were divided
between four factors: Technology, Pedagogy, Content, and Technology integration [40].
Only the latter factor, perceived knowledge about technology integration (Cronbach’s
alpha 0.95), consisting of the 13 items describing the TPK, TCK, and TPACK areas, was
included in this study, as according to Koehler and Mishra [24], these three components of
the model are essential for integrating technology in the teaching process.

The second part of the questionnaire consisted of 21 items and was based on the TAM
model. The items measured five constructs:

• nine items for describing perceived usefulness (e.g., using technology enhances my
effectiveness; using technology improves cooperation between the learners);

• four items measuring perceived ease of use (e.g., I find computers easy to use; computer
icons are easy to understand for me);

• four items describing attitude toward using technology in education (e.g., technology
is valuable in teaching; every teacher must be able to use technology); and

• four items measuring intention to use (e.g., I intend to allow learners to use the technology
to explore different topics; I intend to guide students to use the Internet to communicate with
experts or other learners to enrich their learning experiences).

The items for the questionnaire were selected based on previous studies [5,16,33,36].
As the first step of this study, this scale was validated.

At the end of the questionnaire, we asked for information about the respondents’
background. The questionnaire ended with statements about agreement to using the
collected data in research.

In October 2019, all student teachers participating in the basic pedagogy course
‘Learning and Instruction Design’ received a link to the questionnaire. Respondents were
provided with an informed consent form explaining the purpose of the study, the voluntary
nature of the study, and the option to quit at any time. This study was not related to the
course assessment, and personal data was not collected.

2.3. Data Analysis

Data analysis was conducted using IBM SPSS Statistics version 26.0 and IBM SPSS
Amos version 26.0. In the first step, the TAM scale was validated. First, an exploratory
factor analysis (EFA) using Kaiser normalization and the robust maximum likelihood
method with varimax rotation was performed. The Kaiser–Meyer–Olkin measure of
sampling adequacy (KMO = 0.909) and Bartlett’s test of sphericity (χ2 = 3252.722, df = 231,
p < 0.001) showed that the data were factorable. All communalities were at least 0.60, and
the Kaiser–Guttman rule indicated that the structure of the five-factor model was suitable.
The model described 71.15% of the total variance. This five-factor model was estimated
using a CFA, and robust estimation was used.

Mean factor scores for six constructs (five from the TAM scale and Perceived knowl-
edge about technology integration from the TPACK scale) were calculated as means of the
items belonging to each factor.

For testing the hypotheses, path analysis, as a special type of structural equation
modelling (SEM), was used. This particular analysis method was used because it allows
simultaneous testing of the magnitude and the significance of the complex predictive
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relationships between a set of variables. The maximum likelihood estimation (MLE)
method was used.

To analyse the goodness of fit of the CFA and path analysis, at first, the chi-square (χ2)
test indicating absolute/predictive fit was used. According to Schreiber and colleagues [41]
an SEM model fits the data well when the p-value associated with the χ2 test is nonsignif-
icant. As recommended by Kline [42], the chi-squared per degree of freedom was also
calculated. As the χ2 test is quite sensitive to sample size, the use of relative goodness-of-fit
indices is also strongly recommended in the case of large sample sizes [43]. Therefore, the
models were evaluated according to two comparative indices: the comparative fit index
(CFI), and as our sample was over 200, the normed fit index (NFI). The standardized root
mean square residual (SRMR) was used as an absolute fit index, and as parsimony cor-
rection indices we used the root mean square error of approximation (RMSEA) suggested
by Brown [44]. The cutoff points used in this study were: the χ2 test is nonsignificant, the
ratio of χ2 to df is 2 or less [41], the CFI values are over 0.95 [45], the NFI values are over
0.90 [43], the RMSEA values are close to 0.06 [45], and SRMR is below 0.08 [41,45].

3. Results
3.1. Factor Structure of the Second Part of the Questionnaire

As the first step, confirmatory factor analysis was performed to estimate the factor
structure of the scale. The exploratory factor analysis (EFA) reached a five-factor model
consisting of perceived usefulness for teachers, perceived usefulness for students, perceived
ease of use, attitude toward using technology, and intention to use technology. Internal
reliabilities (Cronbach’s alpha) for the factors were 0.874 for perceived usefulness for
teachers, 0.840 for perceived usefulness for students, 0.890 for perceived ease of use,
0.848 for attitude toward use, and 0.855 for intention to use.

This five-factor model was estimated using a confirmatory factor analysis. The first
model showed lack of fit: χ2 = 397.876, χ2/df = 2.223, CFI = 0.925, TLI = 0.912, RM-
SEA = 0.073, SRMR = 0.060. After taking into account several modification indices, the final
model with 21 items showed acceptable fit with: χ2 = 289.283, χ2/df = 1.732, CFI = 0.958,
TLI = 0.947, RMSEA = 0.056, SRMR = 0.048. The standardized factor loadings (ranging from
0.61 to 0.92) and item reliabilities (ranging from 0.38 to 0.85) were also moderate or high,
suggesting that all the items seem to be good indicators of the latent factors. The model
consisted of five factors:

• perceived usefulness for teachers (PUT), consisting of four items with the standardized
factor loadings ranging from 0.752 to 0.920 (item reliabilities from 0.565 to 0.847);

• perceived usefulness for students (PUS), consisting of five items and the standardized
factor loadings ranging from 0.614 to 0.826 (item reliabilities from 0.377 to 0.683);

• perceived ease of use (PEU), consisting of four items with the standardized factor
loadings ranging from 0.759 to 0.847 (item reliabilities from 0.577 to 0.763);

• attitude toward using technology (ATU), consisting of four items and the standardized
factor loadings ranging from 0.690 to 0.826 (item reliabilities from 0.476 to 0.682); and

• intention to use technology (IU), consisting of four items with the standardized factor
loadings ranging from 0.619 to 0.888 (item reliabilities from 0.384 to 0.788).

The composite reliabilities (CR) of all factors were above 0.07 (see Table 1).
Convergent validity was evaluated by examining the average variance extracted (AVE),

which was recommended by Hair et al. [46] to be greater than 0.5. In our model, only in
the case of Perceived usefulness for students was AVE less than 0.5, but as emphasized by
Fornell and Larcker [47], when AVE is less than 0.5 but the composite reliability is higher
than 0.6, the convergent validity of the construct is still adequate, as in our case.

To evaluate discriminant validity, the heterotrait–monotrait (HTMT) criterion sug-
gested by Henseler and colleagues [48] was used. Table 1 also presents the values of the
HTMT ratios of the correlations. Using a threshold of 0.85 suggested by Voorhees et al. [49],
the discriminant validity of the scale was also established.
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Table 1. Convergent and discriminant validity.

Factor CR AVE
HTMT Analysis

PUT PUS PEU ATU IU

PUT 0.878 0.644
PUS 0.830 0.496 0.659
PEU 0.879 0.644 0.530 0.409
ATU 0.852 0.591 0.618 0.837 0.293
IU 0.818 0.534 0.527 0.673 0.362 0.819

Note: PUT = perceived usefulness for teachers; PUS = perceived usefulness for students; PEU = perceived ease of
use; ATU = attitude toward using technology; IU = intention to use technology.

3.2. Model to Predict Intention to Use Technology

Path analysis was used to estimate the model’s ability to predict the intention to use
technology by student teachers. The standardized regression coefficient for intention to
use technology R2 was 0.51, indicating that this model could explain 51% of the variance in
intention to use technology.

Of the eleven path coefficients, eight were statistically significant (see Table 2).

Table 2. Results from testing the hypotheses with parameter estimates.

Hypotheses Path Path Coefficient t p-Value

H1 TPACK→ PEU 0.669 13.673 <0.001
H2 TPACK→ IU −0.003 −0.050 0.960
H3 PEU→ PUS 0.364 5.934 <0.001
H4 PEU→ PUT 0.297 5.400 <0.001
H5 PUS→ PUT 0.452 8.210 <0.001
H6 PEU→ ATU −0.047 −0.910 0.363
H7 PUS→ ATU 0.593 10.649 <0.001
H8 PUT→ ATU 0.220 3.769 <0.001
H9 PEU→ IU 0.135 2.020 0.043

H10 ATU→ IU 0.629 11.536 <0.001
H11 PUT→ IU 0.059 0.989 0.323

Note: TPACK = perceived knowledge about technology integration; PEU = perceived ease of use; PUS = perceived
usefulness for students; PUT = perceived usefulness for teachers; ATU = attitude toward using technology;
IU = intention to use technology.

Perceived knowledge about technology integration directly influenced perceived ease
of use, but influenced intention to use only indirectly (β = 0.205, p < 0.05). Perceived ease
of use had a direct significant effect on perceived usefulness for students and perceived
usefulness for teachers. Perceived usefulness for students influenced perceived usefulness
for teachers. Both beliefs about usefulness (perceived usefulness for students and perceived
usefulness for teachers) had significant positive effects on attitude toward using technology.
However, perceived ease of use had only indirect effects on attitude toward using tech-
nology (β = 0.294, p < 0.05). Perceived ease of use and attitude toward using technology
had significant direct effects on intention to use technology, but perceived usefulness for
teachers influences intention to use technology only indirectly (β = 0.149, p < 0.05). In ad-
dition, the indirect effect of perceived usefulness for students was statistically significant
(β = 0.502, p < 0.06). Because perceived ease of use has both a significant direct and indirect
effect on intention to use (β = 0.185, p < 0.05), the total effect of perceived ease of use on
intention to use is also significant (β = 0.311, p < 0.05). Estimates of the path coefficients
with the results of significance testing are presented in Figure 2.
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Figure 2. Path analysis of the proposed research model with standardized path coefficients. Note:
The bold lines represent the significant path coefficients and the broken lines insignificant. * p < 0.05;
** p < 0.001.

4. Discussion

The aim of this study was to identify the impact of perceived knowledge about
technology integration, beliefs about using technology and attitude toward using on
intention to use technology among first-year student teachers and teachers. Our model
consisted of six constructs: perceived knowledge about technology integration (validated
in a previous study [45], perceived ease of use, perceived usefulness for students, perceived
usefulness for teachers, attitude toward using technology in education, and intention to
use technology in education. The first step was to validate the scale measuring beliefs and
intention to use technology.

The results from the confirmatory factor analysis confirmed that the scale consisted of
five factors. According to the TAM model, the factors that emerged included perceived
ease of use, attitude toward using technology, and intention to use technology. The factor
in the TAM model describing perceived usefulness was split into two factors, perceived
usefulness for teachers and perceived usefulness for students, which was not reported
previously. Previous studies about the TAM model and beliefs about technology use in
education used only one perceived usefulness factor, despite the fact that in some studies
(e.g., [4,16,39]), this factor included items describing both usefulness for students and
usefulness for teachers. The convergent and discriminant validity of the scale were also
established, indicating that separating perceived usefulness into two factors is reasonable.

Our hypothetical model predicting intention to use was proven to be applicable and
could explain 51% of the variance in intention to use technology. The p-value was greater
than 0.05, and the model showed sufficient fit indices in the path analysis [41]. Eleven
hypotheses were posed, and eight of these were confirmed. We now discuss the results
according to the research questions.

Answering our first research question, we found that perceived knowledge about tech-
nology integration in student teachers had a significant direct influence on their perceived
ease of use, which is in line with one previous study [6], but contrary to other findings [28].
However, concerning the influence of perceived knowledge about technology integration
on intention to use, our results did not support previous studies [28,29] and indicated only
a significant indirect influence mediated by perceived ease of use. In addition, the previous
model [6] did not confirm the direct influence of TPACK on the intention to use. The results
of our study demonstrated that student teachers who perceived their knowledge about
technology integration to be higher were more likely to have increased perception of ease
of use in regard to technology. Nevertheless, knowledge about technology integration
seems not to be sufficient to influence the intention to use technology in education; student
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teachers should also perceive that using technology is easy for them, and this requires
practice, not only knowledge.

Our second research question asked how the perceived ease of use in student teachers
influences their perceived usefulness and how perceived usefulness for students and
for teachers are related. All three hypotheses posed under this research question were
confirmed. Our results indicated that perceived ease of use had a significant positive
influence on both constructs describing perceived usefulness (perceived usefulness for
teachers and perceived usefulness for students). In addition, perceived usefulness in the
TAM model [5] is treated as one construct, and several previous studies (e.g., [6,28,33,36])
confirmed that perceived ease of use positively influenced perceived usefulness. However,
the CFA analysis in our study indicated that perceived usefulness could be seen as a
two-dimensional construct (perceived usefulness for students and perceived usefulness for
teachers), and these results went beyond previous reports in indicating that perceived ease
of use influenced both dimensions of perceived usefulness positively. Perceiving using
technology as easy to use likely increases student teachers’ positive belief that technology
in education is useful both for students and teachers. A further novel finding was that
perceived usefulness for students had a significant effect on perceived usefulness for
teachers, which also indicated that these two constructs were closely related.

Regarding the third research question, on how perceived ease of use and perceived
usefulness of technology among student teachers influence their attitude toward using
technology in education, we also evaluated three hypotheses, two of which were supported.
Our results showed that both perceived usefulness for teachers and perceived usefulness
for students significantly influenced student teachers’ attitude toward using technology in
education. That is, if student teachers perceive that technology is helpful for students and
for teachers, it might increase their positive attitude towards using technology in education.
In the TAM model [5], ease of use was also linked to the attitude, but interestingly, our
results did not confirm that perceived ease of use had a significant effect on attitude toward
using technology. Our study confirmed the results of [36]. However, another study [32]
demonstrated that perceived ease of use also had a positive effect on attitude toward
using. In our study, on the other hand, the influence of perceived ease of use on attitude
toward using technology was indirect and mediated by perceived usefulness for teachers
and perceived usefulness for students. The reason why our study did not prove a direct
influence by perceived ease of use on attitude toward using technology might be that
the technology is now more widely spread in education than before. There are plenty of
technologies that are easy to use, and therefore, perceived ease of use by itself does not
influence attitude. Technology that is perceived as easy to use must also be perceived as
useful before it positively affects the attitude toward use.

Our last research question was about how student teachers’ beliefs and attitudes
toward using technology influence their intention to use it. Three hypotheses were included
in this research question, and two of these were confirmed. Our results demonstrated
that both perceived ease of use and attitude toward using technology in education had
significant positive effects on the intention to use technology in education. In other words,
if student teachers perceive that using technology is easy and their attitudes toward using
technology in education are more positive, this will likely increase their intention to use
technology in education. Only in one previous study [32] was the direct effect of all these
three constructs (perceived ease of use, perceived usefulness, and attitude toward using
technology) on intention to use technology proven. Several previous studies demonstrated
that perceived ease of use together with perceived usefulness were determinants of the
intention to use (e.g., [6,16,33]) or that only perceived usefulness had a direct effect, as
perceived ease of use was mediated by perceived usefulness [28,31]. Therefore, it was
surprising that in our study, perceived usefulness for teachers had no significant influence
on intention to use. Both perceived usefulness for teachers and perceived usefulness for
students had significant indirect effects on intention to use mediated by the attitude toward
using technology, indicating that perceived usefulness for teachers alone did not lead
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to the intention to use. According to these results, to affect intention to use, perceived
usefulness for teachers needs first to affect attitude. However, previous studies [28,31,33]
and the TAM model itself [5] demonstrated a direct influence of perceived usefulness on
behavioural intention. One explanation why perceived usefulness for teachers had only an
indirect influence through attitude in our study might be that we split perceived usefulness
into perceived usefulness for teachers and for students. In this model, we estimated only
the influence of perceived usefulness for teachers on the intention to use. However, the
intention to use might also depend on how useful technology is perceived for students.
Therefore, the relationships between different aspects of perceived usefulness and intention
to use need to be studied further.

5. Conclusions

In conclusion, our study demonstrated that student teachers’ perceived ease of use and
attitude toward using technology in education were the main constructs influencing their
intention to use technology in education, having direct effects, but also being mediators.
Nevertheless, perceived knowledge about technology integration and perceived usefulness
for teachers and for students also seemed to be important, as knowledge influenced
perceived ease of use, and both constructs of perceived usefulness influenced attitude
toward using technology in education (and through this also influenced intention to use
technology in education).

The novelty of this study lies in the finding that perceived usefulness was split into
two factors: perceived usefulness for teachers and perceived usefulness for students. As it
is important that teachers also think about how useful a given technology is for learners,
we suggest using these separate constructs in further research.

The model was also novel, indicating that the perceived usefulness might not be
a crucial factor of intention to use, as it was found in previous studies, and may have
a purely indirect effect. Based on the result that perceived ease of use was one of the
key determinants of intention to use technology in education, it is important that teacher
educators not only talk about how easy it is to use technology in the teaching process, but
also have good technological skills themselves to demonstrate the ease of using technology
and by being role models for student teachers. At the same time, it is important to give
students the opportunity to use the technology themselves in their studies so that use
becomes easy for them. However, it is essential to provide good technological knowledge
in addition to demonstrating the usefulness of technology.

This study also had several limitations that must be taken into account. The scale used
involved a self-assessment instrument, and the respondents could under- or overestimate
their responses. Our sample also consisted of student teachers from one university, which
might limit the generalization of the results. The TAM model [5] includes external variables,
from which we only used perceived knowledge about technology integration; however,
other aspects such as subjective norms or pedagogical beliefs could also have an influence.
In future studies, it would be useful to test this model among in-service teachers and in
other countries.
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