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Abstract

The purpose of this study was to examine the effect of technology support, teachers’
confidence in using technology, their beliefs about using technology, and their per-
ceived skills on the use of instructional and application software. The data we used
were from 1335 K-12 teachers involved in the Technology Uses and Perceptions
Survey (TUPS) study. Teachers were located in 40 different institutions across the
state of Florida. According to the findings of this study, the most significant factor in
the instructional and application software use of teachers was found as perceived
technology skills. Therefore, professional development for perceived skills or technol-
ogy competencies of teachers might contribute to increasing the instructional or
application software use of teachers. In terms of confidence and comfort using tech-
nology, they both had direct and positive effects on instructional and application
software. Also, the total effect of support from technology specialists for instructional
software use is more than application software use. As evidenced by the models
developed in this research, teachers’ perceived technology skills for instructional and
application software use directly and positively affected their beliefs on usefulness. Our
effort to provide more emphasis on the combined effect of a collective set of factors to
explain teacher use of technology leads us to address the gaps in the literature on
technology use (i.e., the effect of demographic factors and technology availability).
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1 Introduction

A considerable number of resources, reform efforts, and policy changes have been
made to equip K-12 schools with technology that enables all students to be successful
(Ritzhaupt et al. 2012). As the access to technology, software, and application has been
granted, accordingly, more and more educators and researchers have paid attention to
technology integration and use (Fernandes et al. 2020; Russell et al. 2003). Given this
increasing interest in technology and its use over the two decades, the understanding of
teachers’ viewpoints and perceptions about technology use in K-12 settings has been of
utmost importance (Mueller et al. 2008).

The literature on use of technology in schools abounds. Even though extant literature
and available research enrich our understanding of technology use, a comprehensive
and detailed account of teacher use of technology along with its related factors is yet
limited. The first issue surfaced is that research on technology use has mostly been
towards teachers’ integration of computers (laptop or desktop) (e.g., Inan and Lowther
2010; Tondeur et al. 2008). Yet, little research has been conducted on certain software
that is closely aligned with instruction and application of teacher use in and out of the
classroom for their professional purposes.

Second issue we have noticed is that while the benefits of teacher use of technol-
ogy have been well recognized, research identifying factors contributing to this use
revolves around studies that focus mainly on the effect of demographic variables of
either schools or teachers, such as background (age, gender, and teaching experi-
ence) (Hsu and Kuan 2013; Shiue 2007), more specifically teacher readiness (Inan
and Lowther 2010), pressure to use technology (O’Dwyer et al. 2003a, b), contextual
variables of schools, such as availability and access to technology (Pelgrum 2001),
school policy on technology (Tondeur et al. 2008). Technology use is a complex
domain to uncover. Even though demographic factors are crucial in explaining
teacher use of technology, there are other significant factors worth investigating.
Rapid advances in technology and school-level reforms and opportunities to inte-
grate technology into the classroom make it crucial to take a fresh focus on the role of
other factors that account for technology use in K-12 settings (Mueller et al. 2008).
Considering the most effective factor to integrate technology into the classroom as
being the teacher themselves (Scherer et al. 2019), we are not content with the
singular emphasis on teachers’ demographic characteristics. Researchers today need
to focus more on the individual variation in beliefs, attitudes, and skills among
teachers (Mishra and Koehler 2006).

Another issue that limits our perspective is that the conceptualization of the
factors affecting technology use and their alignment with technology use vary
widely. As an illustration, Karaca et al. (2013) examined the effect of teacher
attitudes and beliefs on technology use, which includes the incorporation of tech-
nology into various professional practices, such as course delivery and communica-
tion. The operational definition of technology was generic and not specified, which
might possibly be tablets or overhead projectors. However, attitudes and beliefs
were defined by general statements like “technology use makes the lessons more
student centered.” On the other hand, there are studies in which the alignment
between studied factors and technology use was well established. Mathews and
Guarino (2000) used teachers’ perception of their ability to use computers to predict
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their actual use of computers. The instruments for technology ability and technology
measure a specific technology, computers. For consistency in the research, we
believe that what intends to be measured should be aligned with what is being used
in the classroom.

The current study is unique in that it uses a set of particular instructional and
software technologies and asked teachers to report their beliefs, skills, and perceived
use of those technologies. For example, teachers reported their perceived skill for a
specific simulation software; belief in its usefulness; and the extent to which they use
that simulation software. Hew and Brush (2007) supported the interconnectedness of
skills, beliefs, and technology use with their conceptual model created based on
previous studies. They argue that these factors are related to one another and influence
each other. Therefore, we need studies to examine the correlates of technology use with
well-defined factors to conserve the interrelations among them.

Lastly, a look at previous studies investigating technology use reveals that the
incorporation of crucial factors is either dispersed or blurry. Tondeur et al. (2008)
examined teacher (structural and cultural) and school (cultural and contextual) charac-
teristics and associated them to teachers’ computer use. Although the inclusion of the
characteristics was wide enough to address important factors, it is in danger of losing
the real focus of the investigation. Having numerous related variables to explain
teacher’ computer use does not always have significant payoffs. Similarly, a narrow
focus on adding factors to account for technology use might provide a complicated
depiction of understanding the most and least important factors. Ritzhaupt et al. (2012)
demonstrated how teacher, school, and contextual characteristics affected student use of
technology through classroom technology integration and teacher use of technology.
Despite predicting technology use was not the primary purpose of this study, the
researchers focused mainly on demographic variables to explain teacher use of
technology. Indeed, a number of factors was shown to be related to technology use
more than some teacher characteristics. A limited focus on more important factors to
account for technology use needs to be replaced with a more inclusive approach with
pivotal factors.

As Miranda and Russell (2012) point out factors in previous research on technology
use were handled in isolation. They also argue that researchers overlooked interactions
among the factors being studied that account for technology use. Factors surfaced
across the literature are highly interrelated which requires them to be addressed together
in the context of technology use (Ertmer, 1999). For these reasons, hypothesized
models for technology use need to identify a particular focus and context first. Then,
using specific variables and the inter-correlations among them, researchers need to
provide a comprehensive, detailed picture of what drives teachers to use technology.

2 Conceptual framework

Our conceptual framework consists of technology use, the factors shown to affect
technology use, and how each factor is related to technology use and other factors.
Based on previous research and relevant literature on technology use, we developed a
hypothesized model to test the interrelationships between the factors and teacher use of
technology, shown in Fig. 1.
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Fig. 1 The hypothesized model of the study

2.1 Technology use: Instructional and application software

The meaning of “technology use” changes widely and “with so many different types of
technology uses emerging, defining it has become even more complex” (Russell et al.
2003, p. 300). Research acknowledges that technology use is a multi-faceted phenom-
enon (O’Dwyer et al. 2003a, b) and has been conceptualized with a variety of ways and
classifications (Nelson and Hawk 2020; Tondeur et al. 2008). Across the literature, two
approaches are prevalent to conceptualize technology use.

The first approach is technology use for professional purposes. Instructional pur-
poses followed by using technology or how technology is used for instruction, teach-
ing, and learning is addressed in this approach (Russell et al. 2003). The conceptual-
ization of this approach was also highlighted by Bebell et al. (2004). The researchers
examined the multi-faceted nature of technology use of teachers, and they developed
seven separate dimensions of teachers’ technology use, listed as teachers’ use of
technology for delivering instruction, class preparation, professional email, accommo-
dation, student use to create products, and grading (O’Dwyer et al. 2003a, b). Miranda
and Russell (2012) employed this approach by using teacher-directed student use of
technology for completing work assigned. This dimension represents technology use
for teaching and learning purposes in the classroom and the ways and frequency with
which teachers use technology.

The second approach to define technology use is connected to incorporation of a
particular technology as a tool. It is the adoption of particular software, applications, or
tools that are used by teachers to complete school-related activities (Hogarty et al.
2003). To measure teachers’ use of technology through this approach, as Bebell et al.
(2004) put forward, composite measures (i.e., summated scores) are used to represent
an observed use of general technologies, mostly through self-reported frequencies. This
approach also has been embraced by a considerable number of researchers (e.g., Asadi
et al. 2019; Morquin et al. 2019; Ritzhaupt et al. 2012). For example, Niederhauser and
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Stoddart (2001) explored the software teachers used for instruction to engage students
in learning. The researchers found several categories of software, such as drill-and-
practice, key-boarding, reader rabbit, interactive and educational games, exploratory
tools programs, and mental mathematics games.

The discussion on the decision to choose one approach over another is out of the
scope of this paper. Despite the lack of a clear and universal definition, we prefer to
adapt the second approach to operationalize teachers’ technology use. The definition of
technology use we embrace for the current study is primarily based on any use of 1)
application software and 2) instructional software that supports instruction and helps
teachers in their profession. Basically, it emphasizes teacher use of particular types of
technology, such as drill and practice or spreadsheets, or web browsers.

Instructional software use includes the incorporation of computer-assisted learning
software. Instructional software is subject-dependent. For example, a science teacher
could deliver instruction about the respiratory system using a simulation. A mathemat-
ics teacher enables their students to practice algebra problems with the help of a drill-
and-practice software. Hogarty et al. (2003) conducted an exploratory analysis to
provide examples of instructional software use with the data collected via a survey.
The researchers showed that tutorials, simulations, drill and practice, integrated learn-
ing systems, games, and similar technologies are able to represent subject dependent
software.

Application software is composed of context-dependent tools and devices. Most of
the time application software involves teachers’ use of basic software to solve prob-
lems, prepare instructional materials or share and talk through their ideas with their
colleagues (Fernandes et al. 2020; Morrison and Lowther 2010). Based on the inves-
tigation conducted by Hogarty et al. (2003), word processors, spreadsheets, presenta-
tion programs, web browsers and like technologies appeared to be application software.

Technology use, either instructional or application software, is a multifaceted and
complex process that is under the effect of numerous interrelated factors (Ertmer et al.
2001; Hogarty et al. 2003). Teachers’ experiences, dispositions, assumptions about
teaching and learning, beliefs, skills, and perception interact within the context in which
they teach and use technology to accomplish a professional task (Tondeur et al. 2008).
It is essential to examine the potential factors that explain the extent of teachers’ use of
technology (Leem and Sung 2019; Siyam 2019). The factors that have still been
hypothesized to be related to technology use and detailed in this study are
technology support, confidence and comfort using technology, perceived technology
skills and perceived technology usefulness for particular technology.

2.2 Technology support and technology use

A variety of resources and support structures are provided by school districts or other
reform efforts for teachers to integrate technology into their classroom. School support
through a person who is knowledgeable about and can facilitate the process of
technology use is often addressed in the literature. Nelson et al. (2019) state that
technology support as an essential ingredient to technology use of teachers. However,
across the literature there are mixed results on the effect of technology support on
technology use. For example, Inan and Lowther (2010) found the direct effect of
teachers’ perception of support (both technical and overall) for technology integration
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non-significant. Ritzhaupt et al. (2012) and Robinson (2003) reiterated the similar
finding. Conversely, some researchers found that perceived support from technical
staff or coordinators had a strong effect on technology integration (Hsu and Kuan 2013;
Razak et al. 2018). Conflicting findings make the relationship between technology
support and technology use more researchable to provide a clearer picture of our
understanding on how support affects teacher use of technology. Moreover, the
indirect effect of technology support in the form of both technical and pedagogical
support was shown to be significant and important. Inan and Lowther (2010) evidenced
that support had positive and strong indirect effects on technology use through
technology proficiency and beliefs. Karaca et al. (2013) also produced similar findings
for the indirect effect of support through technology skills and teachers’ belief on the
usefulness of technology.

2.3 Confidence in using technology and technology use

General confidence and comfort using technology includes the state of being comfort-
able in effectively integrating technology into teaching (Hogarty et al. 2003). A number
of research findings justified that comfort level with technology is associated with
technology use (e.g., Valtonen et al. 2020; Spiteri and Rundgren 2020; Anderson and
Putman 2020). Bebell et al. (2004) provided evidence on the positive and moderately
strong direct effect of confidence with technology on technology use. In addition,
researchers yielded evidence on the potential indirect effect of comfort and confidence.
Miranda and Russell (2012) tested the indirect effect of teachers’ confidence using
technology through perceived importance and benefits of technology for teaching. The
researchers reported its weak but significant indirect effect on technology use.

2.4 Belief, skills, and technology use

Irrespective of the complicated nature of any technology, teachers need to have skills/
competencies and beliefs/attitudes required to use it in the classroom (Spiteri and
Rundgren 2020). Beliefs towards technology use can be defined as a certain feeling
showing if a teacher believes s/he has skills to integrate technology (Hew & Brush,
2007). Teacher belief and attitudes towards technology use is their perception of the
value of technology and its use (Karaca et al. 2013). Wozney et al. (2006) proposed that
teachers make deliberate thinking on the value of a particular technology and what it
can be capable of. A general inference is that the more positive beliefs teachers adopt,
the more they use technology in the classroom (Ertmer 2005).

A number of researchers indicated how beliefs toward technology distinguishes
between teachers who use technology and teachers who do not (Mueller et al. 2008).
Nelson and Hawk (2020) revealed that beliefs about the importance of technology was
a strong predictor for technology use. Similar results were provided by different
scholars (Inan and Lowther 2010; Karaca et al. 2013). Hsu and Kuan (2013) reported
the positive and strong relationship between teachers’ perception of technology eftec-
tiveness in terms of value and efficiency and technology integration.

The other important factor in explaining teacher technology use is teachers’ belief
about the skills they have for a particular technology. Teacher technology skills were
operationalized to contain teachers’ own perception for their proficiency and
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competency in using technology (Baylor and Ritchie 2002). They are ‘capability
beliefs’ (Lumpe and Chambers 2001) that are fundamentally connected to particular
technologies, software or applications.

Technology skills have been identified as one of the correlates of teachers’ use of
technology (Hew & Brush, 2007; Robinson 2003; Spiteri and Rundgren 2020). Karaca
et al. (2013) found that there is a strong and positive relationship between technology
competencies and technology integration. Mathews and Guarino (2000) modeled the
relationship between technology ability and technology usage. They produced a pos-
itive and strong effect of ability on technology usage.

There are several studies in which researchers examined the indirect effect of
teachers’ perceived skills on technology use (Hew and Brush 2006; Inan and
Lowther 2010; Robinson 2003). Karaca et al. (2013) underline the indirect effect of
competencies on technology use through teacher beliefs. They discuss that increased
competencies improve positive beliefs and attitudes, then ultimately, improved beliefs
result in frequent use of technology.

2.5 Interrelationships among factors affecting technology use

Across the literature, technology use has been investigated not only with direct but also
with indirect effects, outlined in the previous section. Most of these investigations have
been conducted using mediation analysis procedures, such as structural equation
modeling (SEM) family. The variable of interest in these studies is technology use;
and the majority of the relationships among factors are often overlooked. However,
mediation analysis is powerful with its capacity to produce mediation and moderation
effects. To take advantage of this feature, it is imperative to lay out how factors
accounting teachers’ technology use are associated.

We synthesized the relevant literature and found that the aforementioned factors are
in relation to each other. First, teachers’ perceived skills for a particular technology
are related to teachers’ perceived usefulness (i.c., belief) for that technology (Bebell
et al. 2004; Ertmer 2005; Inan and Lowther 2010; Leem and Sung 2019). As teachers
gain skills to use technology in the classroom, positive beliefs about usefulness of
technology improve (Albirini 2006). Similarly, technology support affects teachers’
perception for the skills they have and confidence in using technology (Ertmer
2005). For example, Inan and Lowther (2010) reported that both technical and overall
support were effective in improving teachers’ perception on their proficiency and skills
using technology. Karaca et al. (2013) also examined how support (both principal and
colleague) affects teachers’ technology competencies and demonstrated parallel find-
ings. The association between confidence and comfort in using technology and
teachers’ skills for technology and their belief for its usefulness is another interre-
lation to focus. Miranda and Russell (2012) reported how confidence indirectly affects,
despite weak in magnitude, teachers perceived beliefs on the usefulness of technology.

2.6 Demographic variables as control
Research draws attention to a number of demographic characteristics that are

correlated with teacher use of technology. Gender (e.g., Islahi 2019; Tondeur et al.
2008), previous experience with technology (Ritzhaupt et al. 2012; Ifinedo et al.
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2020), and teaching experience (Inan and Lowther 2010) are among the factors
demonstrated effective in technology use. For instance, female teachers’ use of
technology was reported lower compared to their male counterparts (Scherer and
Siddiq 2015). Experience with technology is another important correlate of technol-
ogy use in the classroom. Teachers having more frequent use of technology in the
classroom have more experience with technology (Tondeur et al. 2008). Teaching
experience is of utmost importance in the context of technology use. Most of the
time, researchers provided evidence of non-significant direct effect of teaching
experience on technology integration (e.g., Ritzhaupt et al. 2012). Russell et al.
(2003), however, demonstrated how technology use for different purposes differed
across years of experience in teaching: as teachers with 15+ years experience used
technology less compared to those who have 6—15 years of experience. Moreover,
Inan and Lowther (2010) reported a significant indirect effect of years of teaching on
technology integration. Because these control variables were shown as factors in
explaining teachers’ use of technology, they were added to the conceptual/
hypothesized model. Their effect on technology use and variation explained were
taken into account. However, we used them as control variables to partial out their
individual effect on technology use. These variables are substantially different from
main variables of interest, technology support, confidence and comfort, skills, and
beliefs about usefulness of technology.

3 A hypothesized model

Research in technology use has identified several factors as important to use technol-
ogy, as outlined above. Yet, most of these factors have been examined in isolation from
one another (O’Dwyer et al. 2003a, b; Zhao and Frank 2003). We believe that a more
comprehensive picture of technology use is needed to explore factors affecting it (as
also suggested by Tondeur et al. 2008). Based on theoretical foundations and previous
research we laid out in the last section, we developed a hypothesized model shown in
Fig. 1.

Our hypothesized model included four distinct yet interrelated blocks. Each block
has one to two variables. The block of primary interest for this study is use, defined by
teachers’ use of technology. Lightly colored variables denote the control variables. In
the last decade, there are a plethora of studies in which similar models to test
technology use were created. Most of these studies used an analytic procedure from
the SEM family, such as path modeling or multilevel SEM. A comparison search
between our model and the models surfaced across the literature showed that some
models lacked comfort and confidence using technology (Inan and Lowther 2010;
Karaca et al. 2013), belief about the usefulness of technology (Ritzhaupt et al. 2012),
teachers’ perceived skills, competence, or proficiency in using technology (Tondeur
et al. 2008), or technology support (Nelson et al. 2019). Even though choosing
variables are essentially related to researchers’ preferences and limitations of studies,
we need more emphasis on the combined effect of a collective set of factors (Sang
et al. 2011). Considering these gaps in studies using SEM procedures to explore the
potential correlates of technology use, our hypothesized model provides a holistic and
more clear depiction of teacher use of technology.
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As it is seen from the previous related literature, the support, confidence, and beliefs
are the variables that the most mentioned and the most effective in teachers’ technology
use in their instruction (Scherer et al. 2019; Leem and Sung 2019; Scherer and Siddiq
2015; Zhao and Frank 2003). However, teachers may have different beliefs, skills, and
perceived use of those technologies (van Braak et al. 2004). The factors such as
support, beliefs, and confidence may affect technology use at different level. Therefore,
it is necessary to explore variables that are effective in a particular technology and its
integration. For this need, we have created two path models including the support,
confidence, and beliefs in order to explore teachers’ instructional and software tech-
nology use. Therefore, the purpose of this study is to examine the effect' of technology
support, teachers’ confidence in using technology, their beliefs about using technology,
and their perceived skills on technology on the use of instructional and application
software, controlling for teacher characteristics. For this purpose, three interrelated
research questions formed the basis of the current work. 1) What are the effects of
technology support, teachers’ confidence in using technology, their beliefs about using
technology, and their perceived skills on technology on the use of instructional
software? 2) What are the effects of technology support, teachers’ confidence in using
technology, their beliefs about using technology, and their perceived skills on technol-
ogy on the use of application software? 3) What is the comparison of relative effects on
teacher use of instructional and application software?

4 Method
4.1 Participants

The data we used were from 1335 K-12 teachers involved in the Technology Uses and
Perceptions Survey (TUPS) study. Teachers were located in 40 different institutions
across the state of Florida. Participating teachers were approximately 81% female. The
highest degree earned by the participants was a bachelor’s degree (44%), master’s
degree (49%), specialist degree (4%) or doctorate (3%). On the ethnicity of participants,
82% identified as White, 8% identified as Black, 6% identified as Hispanic or Latino,
and the remaining identified as mixed or other. Teachers taught at elementary (52%),
middle (22%), and high schools (%25), and mixed (1%). The average years of teaching
experience was 19.3 with 21.8 standard deviation. Experience with technology on
average appeared to be 15.9 with 22.4 standard deviation.

4.2 Data and instrument

The original TUPS is a data collecting instrument to obtain a better picture of how
teachers use technology in their teaching, their level of experience with technol-
ogy, and their comfort with and attitudes toward technology (Dawson and
Ritzhaupt 2015). It has 10 domains and 185 items: 1) access and support (7
items), 2) preparation for technology use (6 items), 3) perceptions of professional

" the term effect in this study was used to signify a linear relationship from an exogenous to an endogenous
variable. It does not represent a causal claim, but is used to be consistent with the terminology used in SEM.
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development (5 items), 4) perceptions of technology use (12 items), 5) comfort
and confidence using technology (11 items), 6) technology integration (16 items),
7) teacher use of technology (32 items), 8) student use of technology (32 items),
9) perceived technology skills (32 items), and 10) perceptions of technology
usefulness (32 items). The first version of the instrument was initially validated
by (Hogarty et al. 2003). The revised instrument was then investigated further for
evidence of validity and reliability by Ritzhaupt et al. (2017) These researchers
found that TUPS might not be treated as a series of ten different scales because
some of the domains did not show a unidimensional structure. They also sug-
gested the individual uses of the items.

In this study we used the item-level data of TUPS, rather than focusing on the
domains themselves. The aim of the inclusion of the items is to tap into an interpretable
latent construct on which TUPS provide data, which are not well explored. Therefore,
we used the relevant theories and findings from previous research to construct mean-
ingful indexes by select items in TUPS to represent underlying constructs that need to
be studied. This strategy is also common across large-scale national (the National
Teacher and Principal Survey) and international (the Teaching and Learning Interna-
tional Survey) assessments that let researchers develop latent constructs to test
(Rutkowski et al. 2010).

4.3 Variables and indexes

Teacher use of technology indexes included totally 8 items from TUPS which measure
teachers’ use of a variety of technologies. Based on information from Hogarty et al.
(2003), we used confirmatory factor analysis (CFA) to validate and group these
technologies. Our analysis driven by theoretical considerations led us to group these
technologies into two different categories: instructional software and application
software. The instructional software category (4 items) included subject-dependent
technologies, such as drill and practice software, instructional games, simulations,
and tutorials. However, the application software category included more context-
dependent technologies. It (4 items) was composed of word processors, spreadsheets,
presentation software, and web browsers. Teachers reported the frequency of their use
in these technologies from not at all (1) to multiple times per day (6). An individual and
separate model was fitted for each technology use category.

Perceived technology skills indexes provided information on teachers’ perceived
skills in the instructional software and the application software. Teachers reported their
skills on a six-scale ranging from none (1) to very high (6). All items, four in each
index, corresponded to one of the technology use indexes.

Technology usefulness indexes measured the extent to which teachers find the
instructional software and the application software useful, which ranged from none
(1) to very high (6). All items, four in each index, corresponded to one of the
technology use indexes.

Confidence and comfort using technology index had four items: 1) I am prepared to
effectively integrate technology into my teaching; 2) I am comfortable using technol-
ogy in my teaching; 3) I use technology effectively in my teaching; and 4) I am
developing expertise in the uses of technology in teaching. This index included a five-
point Likert scale from strongly disagree (1) to strongly agree (5). We decided to select
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these four items from TUPS to construct this index based on previous research. We
used the same index across the two technology use indexes.

Support from technology specialist (technical support) index represented the support
provided by technology specialists either in the school or from the district with three
items. Based on the previous studies on technology support, logic, and available data,
we decided to select three items from TUPS for each technology use to construct an
index changing from strongly disagree (1) to strongly agree (5). The items were: 1) The
technology specialist models techniques to integrate technology into my teaching; 2)
The technology specialist provides professional development; and 3) The technology
specialist adequately assists me in planning and implementing the use of technology in
my teaching. Again, we used the same index across the two technology use indexes.

Teacher characteristics as control variables we also included a set of control
variables to partial out their potential effect on the relationship among other variables.
We added gender as dichotomous variables, experience with technology, and teaching
experience as continuous variables. They all regressed on teacher use of technology
variables.

4.4 Analysis procedures

Our analysis procedures began with determining if multilevel modeling was needed for
the current study due to the nested nature of our data; teachers (level 1) are naturally
grouped within schools (level 2). First, we tested an unconditional model, in which
there was not any predictor for each technology use variable. To examine variation
between schools, intraclass correlation (ICC) was calculated to evaluate how much
variation was explained across the schools. Design effect coefficient (deff) was also
estimated to determine if multilevel modeling was the appropriate procedure to proceed
(Peugh 2010). We used the formula deff=1 + [(average cluster size) — 1] * ICC,
suggested by Muthen and Satorra (1995). We evaluated deff using the “design effect
smaller than two” rule (Hox and Maas 2002). Average cluster size was 33.38. ICCs for
instructional and application software use were .016 and .013, respectively. Even
though there are no particular cutoffs for ICCs (Heck and Thomas 2015), based on
variations on variables from previous studies and variables under consideration, we
decided that approximately 1-2% of the total variance in technology use was relatively
lower. Moreover, for both technology use variables, deffs were computed as lower than
two. With these two criteria in mind, we preferred to continue with the single-level
analysis, as suggested by Peugh (2010).

For construction of the eight indexes, using theoretical information, findings from
previous research, and discussion among the researchers, we selected the items from
TUPS data set for the current study. The single-level CFA was the primary analysis
method to develop composites (i.e., summated scores) and for construct validation
because it adjusts estimates of construct validity for measurement error (Brown
2015). We used Mplus 7 (Muthén & Muthén 1998-2012) with a robust maximum
likelihood estimator (MLR) to obtain standard errors that were corrected for nor-
mality violations. We assumed all items to be continuous in the portions we used
from TUPS. The indexes were scaled in that the first factor loading from each index
was fixed at 1.
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Global fit indices were reported in Table 1 and evaluated based on the cutoff criteria
suggested by Hu and Benter (1999) (x?>.05; Tucker-Lewis Index, TLI>.95; Com-
parative Fit Index, CFI > .95; Standardized Root Mean Square Residual, SRMR < .08;
Root Mean Square Error Approximation, RMSEA < .06). As for the composite
reliability coefficient, factor rho, p, for each index was estimated (Raykov 1997,
2004). It is a better alternative than Chronbach’s alpha (Kline 2015) with large samples
(Raykov 1997) since it underestimates composite reliability and requires unique cases
to be close to composite reliability (e.g., a unidimensional congeneric test, uncorrelated
errors, and uniformly high factor loadings) (Raykov and Marcoulides 2011).

Based on the information in Table 1, the indexes constructed provided adequate to
good fit to the data from TUPS. Moreover, the factor loadings ranged from .694 to
.799, evidencing adequate convergent validity (Brown 2015). No major problems were
observed for correlated residuals and standardized residuals. For the evaluation of
reliability, the factor rho’s ranged from .62 to .92. Therefore, the indexes accounted
for an adequate amount of how the constructs represent the attribute being measured.

We illustrated our hypothesized model with a graphical conceptual model in Fig. 1.
To examine expected relationships among variables, we preferred to use path analysis
form SEM family (Kline 2015). Path analysis allowed us to specify both direct and
indirect effects on teacher use of instructional and application software. For the analysis
of the models, we fitted two different models and used the same analytic procedures
mentioned above. To test indirect effects, we used Mplus’s default setting, Sobel’s
standard errors.

5 Results
We examined the effect of technology support, teachers’ confidence using technology,

and their attitudes toward using technology on their use of a variety of instructional and
application software, controlling for teacher characteristics. We fitted two separate

Table 1 Global fit indices and reliability coefficients for the indexes

x2(df) TLI CFI SRMR RMSEA p

Teacher use of technology

Instructional software 26.882(2)* 908 969 .023 .097 77

Application software 8.830(2)* 950 983 .018 .051 .62
Perceived technology skills

Instructional software 17.551(2)* 961 .987 .016 .076 .82

Application software 16.666(2)* 935 978 .022 .074 74
Technology usefulness

Instructional software 45.742(2)* 892 964 .024 128 .84

Application software 16.299(2)* 962 987 .018 .073 .80
Confidence and comfort using technology 11.029(2)* 980 993 .012 .058 .86
Support from technology specialist a fully identified model 92

* indicates statistically significant effect at p < .01

@ Springer



Education and Information Technologies (2021) 26:1311-1332 1323

models for each to provide parameter estimates, presented in Figs. 2 and 3. Only
standardized direct effects were provided in the figures. The indirect effects were
provided in the tables. The direct effects of the control variables were found in the
Appendix Table 5.

5.1 Teacher use of subject-dependent instructional software use

Looking at Fig. 2, we estimated how support, confidence, and attitudes contributed to
teacher use of particular subject-dependent instructional software. The fit indices for the
model 1 were: x2 (11)=53.716, p<.001; TLI=.922; CFI=.961; SRMR =.030;
RMSEA =.054, which provided good fit. Explained variance of the model in
application software was 28%.

The strongest direct effect on teacher use of instructional software was of perceived
skills, ® =.418(.027). This implies that as teachers perceive their skills in particular
subject-dependent software better, they would increase their use of that software. The
effect of usefulness was considerably less, ® =.114(.027). Technical support and confi-
dence and comfort had relatively lower effects, ® =.082(.024) and ® =.062(.024),
respectively. Other than teacher use, there were two notable direct effects to mention:
the effect of perceived skills on usefulness, ® =.563(.021), and the effect of confidence
and comfort on perceived skills, ® =.389(.024). We also reported the indirect effects
towards teachers use of subject-dependent instructional software in Table 2.

Looking across Table 2, the indirect effect of confidence and comfort on teacher use
of instructional software through their perceived skills for that instructional software
was the strongest, ® =.163(.015). This is also parallel with the direct effect of
confidence and comfort on teachers’ perceived skills. These results underscore the
importance of perceived skills of teachers to use instructional software. Similar pattern
can be seen from the indirect effect of perceived skills mediated by usefulness on
teacher use of instructional software, ® =.064(.016), considering the strong direct
effect of perceived skills on usefulness.

1 I
I 1
I I
| I
I I
I I
I I
1 I
1 I

.062

CONFIDENCE BELIEFS AND SKILLS

USE

1
1
1
|
1 1
1 1
1 1
1 1
| SUPPORT : :

Fig. 2 Direct effects for the model 1: Instructional software use. Note. Control variables were not shown in the
figure. All standardized direct effects were statistically significant at p <.01.
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Fig. 3 Direct effects for the model 2: Application software use. Nofe. Control variables were not shown in the
figure. All standardized direct effects were statistically significant at p <.01. Dashed lines represent statisti-
cally a non-significant effect.

Interestingly, there were two negative indirect effects. Both of these effects were
from support towards teacher use of instructional software mediated by 1) only
perceived skills, ® =—.027(.011) and 2) perceived skills and usefulness, ® =
—.004(.002). But this was a reasonable result because the direct effect of support
from technology specialists on perceived skills was negative and weak, too (® =
—.065(.026)).

5.2 Teacher use of context-dependent application software use
Figure 3 below presented the standardized direct effect of support, confidence, and

attitudes on teacher use of context-dependent application software. The fit indices for
the model 2 were x2(11)=29.574, p<.05; TLI=.963; CFI=.982; SRMR =.029;

Table 2 Standardized indirect effects on teacher use of instructional software

Indirect effect from Mediator Outcome Estimate
Perceived skills Usefulness Teacher use .064(.016)*
Confidence and comfort Perceived skills Teacher use .163(.015)*
Confidence and comfort Perceived skills - Usefulness Teacher use .025(.006)*
Support from technology specialist Perceived skills Teacher use —.027(.011)**
Support from technology specialist Confidence and comfort Teacher use .007(.003)**
Support from technology specialist Confidence and comfort- Perceived skills Teacher use .018(.005)*
Support from technology specialist Perceived skills - Usefulness Teacher use —.004(.002)**
Support from technology specialist Confidence and comfort-Perceived Teacher use .003(.001)**

skills - Usefulness

* and ** indicate statistically significant effects at p <.01 and p < .05, respectively. Numbers in the parenthesis
denote standard errors
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RMSEA =.036, were considered as good fit. Explained variance of the model in
application software was 41%.

The results related to teacher use of application software had much similarity with
the results for teacher use of instructional software. For example, the strongest direct
effect on teacher use of instructional software was from perceived skills
(®=.518(.027)). With an exception, the direct effect of technology support on
teacher use of application software produced statistically non-significant results.
(®=.025(.021), p=.238). Parallel to the first model, the indirect effects towards
teacher use of context-dependent application software showed a similar pattern, in
Table 3. As an example, the indirect effect of confidence and comfort on teacher use
of application software through their perceived skills for that instructional software
was the strongest, ® =.252(.020). Noticeably, the indirect effects of technology
support were always statistically significant.

5.3 Total effects of support, confidence, and attitudes on technology use

As far as total effects (direct + indirect effects) on teacher use of technology is
concerned, for both models we used, perceived skills for particular software had the
strongest effect, shown in Table 4.

Important to note that confidence and comfort totally affected teacher use of
particular subject- and context-dependent software use more than the corresponding
effect of usefulness. Support from technology specialists had a statistically non-
significant total effect on teacher use of technology.

5.4 The comparison of relative effects on teacher use of instructional
and application software

Across eight direct and eight indirect effects we specified in the models 1 and 2
separately, we observed similar patterns in magnitude: 1) the direct effects towards
teacher use of technology were always positive, but differed in magnitude. 2) The
strongest direct effect on teacher use of technology in both models was from perceived

Table 3 Standardized indirect effects on teacher use of application software

Indirect effect from Mediator Outcome Estimate
Perceived skills Usefulness Teacher use .052(.011)*
Confidence and comfort Perceived skills Teacher use .252(.020)%*
Confidence and comfort Perceived skills- Usefulness Teacher use .025(.006)*
Support from technology specialist Perceived skills Teacher use —.032(.012)*
Support from technology specialist Confidence and comfort Teacher use .010(.004)*
Support from technology specialist Confidence and comfort- Perceived skills Teacher use .028(.007)*
Support from technology specialist Perceived skills- Usefulness Teacher use —.003(.001)**
Support from technology specialist Confidence and comfort-Perceived Teacher use .003(.001)*

skills- Usefulness

* and ** indicate statistically significant effects at p <.01 and p < .05, respectively. Numbers in the parenthesis
denote standard errors
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Table 4 The total effects corresponding the two model fitted for teacher technology use

Instructional software use Application software use
Usefulness .114(.028)* 137(.027)*
Perceived skills 482(.023)* .570(.027)*
Confidence and comfort .249(.025)* .370(.027)*
Support from technology specialist .078(.028)* .033(.029)

* indicates statistically significant effects at p <.01. Numbers in the parenthesis denote standard errors

skills. 3) Second strongest effect on teacher use of technology in both models was of
usefulness. 4) The direct effects of confidence and comfort was relatively lower in
magnitude, which can be considered as weak. 5) The indirect effect of confidence and
comfort through perceived skills was the strongest among the other indirect effects. The
only difference across the two models, technology support yielded a statistically non-
significant effect on teachers’ use of application software. In general, we noticed that
the model 2 produced stronger effects on teacher use of technology. For example,
perceived skills in application software (® =.570) matter more than perceived skills in
instructional software (® =.417). However, support from technology specialists pro-
duced a stronger effect in teacher use of instructional software.

6 Discussion

Our effort to provide more emphasis on the combined effect of a collective set of
factors to explain teacher use of technology leads us to address the gaps in the literature
on technology use (i.e., the effect of demographic factors and technology availability).
In addition, we tried to use aligned variables (i.e., confidence using a particular
technology and use of that particular technology) to make sure our measurement is
robust.

According to the findings of this study, the most significant factor in the instruc-
tional and application software use of teachers was found as perceived technology
skills. As teachers perceived that they have skills in using particular software, they
would use that particular software in the class more. This is parallel to the related
literature concluding that perceived skills or technology competency directly and
positively influenced teachers’ use of technology (Celik et al. 2014; Inan and
Lowther 2010; Kabakci Yurdakul and Coklar 2014; Mathews and Guarino 2000).
Therefore, professional development for perceived skills or technology competencies
of teachers might contribute to increasing the instructional or application software use
of teachers. It is inevitable for teachers to change their competencies in the use of
technology (instructional or application software) as technology is constantly renewed
and changed (Tondeur et al. 2017). For this reason, professional development can be
considered as important for the perceived skills of teachers to keep up-to-date on the
use of technology. In addition, the lack of skills and knowledge of teachers on the use
of technology is one of the barriers in technology integration in education (Pelgrum
2001). Bauer and Kenton (2005) stated that teachers, who were highly skilled with
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technology, were innovative and adept at overcoming technology use obstacles. Ac-
cording to the findings of the current study, it can be stated that the teacher with more
technology competency is more successful in solving the problems related to the
instructional or application software use.

Teachers’ belief regarding their use of instructional and application software directly
and positively affected the use of these technologies. As teachers think that instruc-
tional and application software will contribute to their profession and performance, they
are likely to use these software. In many studies, perceived usefulness has been found
to be the strongest factor directly affecting attitudes and intention to use ICT (Chien
et al. 2014; Oye et al. 2014; Teo 2011). As seen in the models developed in this
research, teachers’ beliefs on usefulness increase their actual use of software. One
possible explanation might be that teachers’ perceived usefulness towards ICT could be
conceptualized in more than one dimension based on teaching and learning objectives
(teaching preparation, evaluation, cooperation, feedback etc.; Niederhauser & Perkmen,
2010; Scherer et al. 2015). Perceived usefulness related to any technology is multidi-
mensional, so teachers’ usefulness perceptions for instructional and application soft-
ware may differ. This difference may affect teachers’ use of technology at different
levels as shown in this study. For teachers to use more instructional and application
software in their teaching process, their awareness of what kind of benefits these
technologies will provide to the teaching process can be raised.

As evidenced by the models developed in this research, teachers’ perceived tech-
nology skills for instructional and application software use directly and positively
affected their beliefs on usefulness. Moreover, perceived technology skills also have
an indirect effect on teachers’ use of technology through technology usefulness, which
shows another role it plays in the model. In support of these results from the previous
literature, teachers’ competencies for the use of ICT directly and positively influenced
their perceived usefulness of ICT (Liaw and Huang 2013; Niederhauser & Perkmen,
2010) and a positive relationship between perceived usefulness of ICT and teachers’
self-efficacy of technology use has been observed (Scherer et al. 2015). Accordingly, as
teachers become more proficient in the use of technology, the perceived benefits of
instructional and application software increase. For example, a science teacher with a
high ability to use simulation software on planets can predict the contribution of the
software’s specifications to the teaching process. The science teacher’s skill level for
the simulation program helps to determine the educational benefit of the software.

We found that the total effect of support from technology specialists for instructional
software use is more than application software use. The results of relevant previous
studies are consistent with our result showing that technological support given teachers
has a positive effect on teachers’ use of technology (Drent and Meelissen 2008; Hsu
and Kuan 2013). Instructional software is mostly a subject-dependent technology used
in teaching a subject, while application software is used for pre-class preparation or
communicating with other teachers and students (Morrison and Lowther 2010). In-
structional software use requires higher-level information than the application software
use requires. Therefore, it is more important for technology specialists involved in
schools to support teachers regarding how to use technology in their lessons, rather than
just technology help in terms of hardware and IT support, for effective technology
integration. In this regard, the pedagogical knowledge should be taken into account as
well as the technology knowledge of the staff who support teachers in the use of
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technology considering that technology is mostly utilized to support existing practices
and not so much as to transform pedagogical practices (Mioduser et al. 2003; Tondeur
et al. 2013). Besides, it is also crucial to introduce possible usage of emerging
technologies in education during professional development for teachers. Teachers need
hands-on experience with these technologies through professional learning opportuni-
ties. In this regard, they are more likely to be aware of instructional use of these
technologies. As long as their awareness increases, it is more likely for them to perceive
any particular technology as useful.

In terms of confidence and comfort using technology, they both had direct and positive
effects on instructional and application software. Instructional and application software
usage increases, as teachers feel comfortable while using technology in their teaching
process. Stress and anxiety in using technology negatively affect teachers’ use of tech-
nology, which is an obstacle to technology integration (Shu et al. 2011; Tu et al., 2005).

Even though we didn’t use the demographics variables, such as gender in our
models, we did account for their direct effect on technology use. By adding the four
control variables, we partialed out their effect on teacher use of technology, which
means that we have “pure” effects in our models. In addition to these variables, future
research may analyze the effect of other variables such as innovativeness level and
techno stress on teachers’ instructional and software technology use. Besides, in order
to obtain better information regarding the process of teachers’ technology integration,
future work may explore challenges of using emerging technologies by employing a
qualitative research approach. For example, a focus group with teachers to elaborate
how they use emerging technologies and to discuss the purposes and uses of technol-
ogies would establish a more in-depth understanding of teachers’ technology use.

7 Study limitations

Our study has limitations related to the data and design of the study. First, we are not
claiming causal inferences using our path models. TUPS data is cross-sectional, and this
study is a correlational observational study. Considering the nature of the data we collected
and the research design we preferred, the term “effect” we used always signifies a
statistical parameter that represents a linear relationship between an independent and a
dependent variable, controlling for other independent variables. Second, the selection of
variables was based on our data-informed and theory-based decisions. Moreover, we were
limited to the scope of TUPS, the data and variables TUPS provided us. A number of
different variables, or common causes might be theoretically related to our hypothesized
model, but they could not be utilized in this study, which might lead to omitted variable
bias. Third, the effect of technology support was relatively weak and sometimes statisti-
cally non-significant in this study. However, we believe that this is one of the limitations
related to the items we utilized to create technology support index. Different indexes with
different items might yield stronger effects of technology support.
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Appendix

Table 5 Standardized effects of control variables

Teacher use of instructional software  Teacher use of application software

Gender —.061(.022)* —.072(.023)*
Experience with technology — — _

Teaching experience - -

*p <.001. Statistically non-significant effects are not included
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