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This article focuses on factors related to supporting the
development of teacher candidates’ self-efficacy as critical
components in designing technology-infused teacher
preparation programs. Through a synthesis of relevant
literature, the authors present information about elements
influencing teacher self-efficacy in technology integration
(TSEinTI) such as environments, attitudes, beliefs, intentions,
support, policies, and resources. Findings describe the
connection of TSEInTI to the experiences in teacher preparation
programs through which teacher candidates gain the necessary
knowledge, skills, and dispositions to enable the successful
integration of technology in their future classrooms.
Additionally, findings reveal the influence of program culture
that can support teacher candidates’ growth as they progress
through a technology-infused approach to teacher preparation.
The authors summarize recommendations for teacher
preparation programs in the context of designing program-wide
and program-deep technology-infused experiences to support
the growth of candidates’ teacher self-efficacy in technology
integration.
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This article is one of four articles in an invited special issue co-edited by
Kevin J. Graziano, Teresa S. Foulger, and Arlene C. Borthwick that
presents research-based design recommendations on the four pillars of a
technology-infused teacher preparation program: (a)_technology
integration curriculum, (b) modeled experiences, (c) practice with
reflection, and (d) technology self-efficacy. These pillars are essential
components that work together to support successful program-deep and
program-wide technology preparation.

Developing teacher self-efficacy in technology integration of teacher
candidates within preparation programs is significant to ensure
candidates become successful classroom teachers. Yet, to commence an
explanation of teacher self-efficacy, it is important to understand self-
efficacy, in general.

Self-efficacy refers to the belief that an individual can successfully fulfill a
perceived role: the individual as an effective teacher. Self-efficacy is
rooted in Bandura’s (1977, 1986, 1993, 1997) social cognitive theory that
supports individuals as their own change agents. Self-efficacy is defined as
the belief an individual has in one’s own abilities, specifically the ability to
meet challenges and complete a task successfully. The theory is domain
specific; for example, an individual might have self-efficacy in rock
climbing, but not in driving a car. Identifying oneself as an accomplished
rock climber means being successful at many smaller tasks associated with
the sport, yet as individual elements improve, the level of self-efficacy is
higher. According to Bandura (1993), self-efficacy is a good predictor of
behavior. While self-efficacy is more broadly defined and applies to many
areas of an individual’s professional and personal experiences, this article
focuses on how teacher self-efficacy impacts the integration of technology
in the classroom.

Teacher self-efficacy (TSE), in general, has been defined as “judgment of
his or her capabilities to bring about desired outcomes of student
engagement and learning, even among those who may be difficult or
unmotivated” (Tschannen-Moran & Hoy, 2001, p. 783). Research about
TSE has consistently influenced the field of education since the mid-1970s
(Armor et al., 1976). Zee and Koomen (2016) synthesized 40 years of TSE
literature and reviewed its consequences at different levels of classroom
ecology. The authors identified the importance of TSE for various
classroom strategies, including instructional support, classroom
organization, emotional support, students’ achievement, students’
motivation, and the well-being of all classroom participants, corroborating
that TSE is relevant for the quality of classroom processes.

Teacher candidates are expected to be successful with these strategies as
they enter the classroom. Additionally, today’s educational landscape
requires teachers to be equipped with continually evolving skills,
knowledge, and dispositions to thrive in various digitally rich contexts
(Gordon et al., 2022). The need to engage in a shifting educational
landscape calls for teacher candidates to adapt to the inevitable inclusion
of technology, and as recent experience has revealed, unpredictable
changes that influence schooling (Hodges et al., 2020; Webb et. al. 2021;
Williams et al., 2020).
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To reach the goal of adapting to the changing role of technology in
education, teacher preparation programs must focus on the development
of teacher candidates’ TSE in ways that are relevant to their future
classrooms. Thus, technology integration becomes a key component of
teacher candidates’ overall self-efficacy in teaching future students.

Like the rock climber, teachers must be effective in many facets of teaching
to develop TSE. For example, a high school teacher may have high TSE in
facilitating a project in which students reflect on and share their learning;
yet their TSE may be low regarding guiding a classroom discussion about
controversial topics. This low TSE warrants development in guiding
classroom discussions. Teacher candidates need to practice both
facilitating project-based learning and guiding discussions to develop
strong TSE during their teacher preparation program experience. The
same expectation is true for the development of effective technology
integration.

Technology self-efficacy has been defined as confidence in one’s
competence with technology (Christensen & Knezek, 2017) and is one
important factor influencing the effectiveness of teaching with technology
(Hoy et al., 2009). However, knowing how to use technology is not enough
for effective integration into teaching and learning. Focusing on the
development of teacher candidates’ TSE in technology integration
(TSEinTI) requires iterative and diverse opportunities for engagement
with technology in various educational environments and contexts (Lee &
Lee, 2014). When considering the development of teacher candidates, it is
imperative that teacher preparation programs include building efficacy in
technology integration (Albion, 2001; Hoy et al., 2009). Figure 1 illustrates
types of self-efficacy related to teacher preparation.

Figure 1
Types of Self-Efficacy Related to Teacher Preparation

Self-Efficacy: belief of success
SE in one’s perceived role

Teacher Self-Efficacy: belief of success
TSE in one’s perceived behaviors as a teacher

Teacher Self-Efficacy in Technology Integration:
TSEInTI belief of success in perceived ability to integrate
technology into one’s teaching practice

Note: Technology self-efficacy is a component of TSEinTI and not pictured
separately.
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Technology-infused teacher preparation programs are designed to provide
repeated opportunities for teacher candidates to engage in learning
experiences that promote TSEinTI (Foulger et al., 2019). While achieving
the goal of technology infusion requires attention to infrastructure,
leadership, and organizational processes (Clausen et al., 2019), the
purpose of the infusion of technology throughout a teacher preparation
program is to provide future teachers with the competence to integrate
technology in meaningful ways into their classrooms.

This article synthesizes representative literature related to the
components supporting teacher candidates’ development of TSEinTI. We
summarize teacher preparation program experiences and considerations
for cultivating TSEinTI, introducing recommendations for teacher
educators and program leadership who support the design of technology-
infused teacher preparation programs intended to meet the evolving
context of technology integration in classroom practices.

Method

This synthesis of relevant literature was conducted through adapting
several approaches (Dickins & Weber Buchholz, 2022; Dixon-Woods et al.,
2005; Ingram et al., 2006; Torraco, 2005) into a five-phase process. The
literature synthesis centered on teacher self-efficacy in technology
integration within teaching and learning with the intent to inform teacher
preparation program designers. It was integrative in that we reviewed both
empirical studies and practitioner articles (Russell, 2005; Torraco, 2005).
Using a sequence of phrases (e.g., teacher self-efficacy, preservice teacher,
technology integration) for identifying and collecting literature yielded
articles summarizing concepts and theories (Dickins & Weber Buchholz,
2022; Torraco, 2005; Torronto & Remington, 2020) relevant to the topic
of TSEinTT.

Our search of the literature provided both descriptive and practical
examples, but we do not claim to have completed an exhaustive review of
the literature on the topic. Adopting this approach allowed us to identify
patterns and trends while translating the findings into evidence-based
practices (Dickins & Weber-Buchholz, 2022; Dixon-Woods et al., 2005;
Toronto & Remington, 2020) with the aim of recommending practices for
teacher candidates’ development of TSEinTI through their teacher
preparation program experiences. Our five-phase approach, depicted in
Figure 2, is followed by an explanation of each phase.

To guide the process and identify relevant literature, we first formulated
the purpose of the inquiry, which was to synthesize the existing literature
related to teacher candidates’ TSEinTI and position that literature as
leading to implications for designing technology infused teacher
preparation programs that can promote development of TSEinTI. We
individually searched for and identified related articles in order to
determine appropriate search terms. Through several discussions and trial
search attempts, we narrowed the search terms to yield the appropriate
literature for this article (as recommended in Cooper, 1998). We also
limited the database search to articles published in the past 10 years (2012-
2022). This 10-year limit was identified because we wanted to present
findings related to TSEinTI that were timely and relevant to current
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teacher preparation program contexts. Additionally, the 10-year limit built
upon existing literature synthesizing 40 years of research regarding TSE
(Zee & Koomen, 2016).

Figure 2
Five-Phase Process for Synthesis of Relevant Literature

P
Seminal
Literature on Self-
Efficacy and
Teacher Self
Efficacy

Phase 1: Narrow Topic and Search Terms

Literature on
Technology Infusion
in Teacher
Preparation

“teacher self-efficacy” AND [“preservice teacher”
Search Terms OR “pre-service teacher” OR “teacher candidate’]
AND “technology integration” AND educat*

¥  Phase 2: Search Academic Databases v v
| | |
| | |
LearnTechLib ERIC ED
Collection of
L 1 1 » Articlesin
Zotero Shared
Phase 3: Create Main Topics Matrix Library

<

v

Phase 4: Find Ancestral Articles

Phase 5: Add Examples to Matrix <

Phase 1: Narrow Topic and Determine Search Terms

In this initial phase, we also determined seminal articles about self-
efficacy and teacher self-efficacy. Current literature about technology
infusion in teacher preparation programs informed the framework of the
study. Zotero (2006), a shared reference management system, was used to
create a library in which we housed the articles included in the synthesis.

Phase 2: Search Academic Databases

We used the following search term string: “teacher self-efficacy” AND
[“preservice teacher” OR “pre-service teacher” OR “teacher candidate”]
AND “technology integration” AND educat*. Articles from three
databases, Educational Resources Information Center (ERIC) (n = 349),
Learning and Technology Library (LearnTechLib) (n = 127), and
Education Source (n = 75) were identified. These three databases were
selected because each is relevant in the education and education
technology fields and contained education and educational technology
specific journals. Google Scholar (n = 904) was also searched, and results
were compared with those from other databases; however, we noted many
irrelevant articles and duplications, so it was excluded as an article
source.
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Following the initial search, one author entered all potential articles into a
shared Zotero library. We then excluded duplicate articles, articles
published in languages other than English, and articles originally
published outside the search year parameters. We included articles if they
were original research articles with quantitative or qualitative results,
program evaluations, or research-based best practices written for a
practitioner audience and included the search terms. As articles were
reviewed, we also excluded articles addressing topics unrelated to teacher
self-efficacy, teacher candidates’ or teacher educators’ development or
that did not inform teacher preparation programs.

Phase 3: Create a Main Topics Matrix

We identified main topics related to the development of teacher
candidates’ TSEInTI from the articles and organized them into a matrix,
with a main topic on the left and the representative publications on the
right (as recommended in Dixon-Woods et al., 2005; Ingram et al., 2006).
Some articles supported more than one main topic and were included in
multiple rows of the matrix. Subfolders were created in the Zotero library
to correspond with the main topics, including assessment, authentic
experiences, competencies, equitable access, frameworks, integrated
lessons, models of technology integration, reflection, and teacher
educators. The main topics were refined during the synthesis process and
were eventually divided into two categories: program components that
develop teacher candidates’ TSEinTI and program culture that values
TSEinTI. Phases 3, 4, and 5 were a fluid process of creating and refining
the main topics, which led to the structure for the article’s narrative.

Phase 4: Find Ancestral Articles

We used additional articles found through the references of relevant
articles. The ancestry method, or citation mining, was used when we
required additional information or verification while synthesizing a main
topic or locating examples (as in Torronto & Remington, 2020). All
ancestorial articles were added to the appropriate subfolders in the shared
Zotero library. The ancestorial articles represented earlier research on
which the original relevant articles were based; thus, those found through
the ancestry method are not limited to the 10-year publication date search
parameter used in Phase 2. Including ancestral articles in the library
provided depth and breadth to the literature. The final shared Zotero
library (N = 225) included articles collected during Phases 1, 3, and 4 and
informed the findings presented in this article.

Phase 5: Add Examples to Matrix

In addition to identifying main topics, we found examples illustrating each
main topic from the articles in the shared Zotero library. These examples
are included in the narrative, along with recommendations for program
design.
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Why Is Self-efficacy in Technology Integration
Important?

The skills, knowledge, and dispositions teacher candidates develop
through their teacher preparation program are intertwined with personal
experiences and individual factors, such as personality traits. In-service
teachers’ TSEInTI and beliefs about their ability to impact student learning
and achievement can drive their success in the classroom (Tschannen-
Moran & Hoy, 2007). Much of the recent research that has been conducted
with in-service teachers regarding technology self-efficacy can be applied
to teacher candidates who will soon be their colleagues. In-service teachers
who have high self-efficacy in technology integration also have the skills,
knowledge, and dispositions to address the evolving demands of preparing
PK-12 students for an uncertain future (Webber & Waxman, 2015). If
teacher preparation programs are developing effective, future-ready
teacher candidates, TSEinTI should be considered a critical element in the
developmental process.

Knowledge Shifts of Today’s Diverse Teacher Candidates

Current teacher candidates often have access to personal technology
devices before attending a college or school of education and have
developed technology skills, knowledge, and procedures that support
communication, shopping, entertainment, and social interactions through
digital platforms (Joshi et al, 2019; Szymkowiak, et al., 2021). These skills
have been developed through lived experiences and, for some, through
technology-infused PK-12 learning experiences. Teacher candidates live in
and are often comfortable with today’s technological world. However,
significant disparity exists in the types of devices and amount of existing
knowledge and previous practice teacher candidates possess (Christensen
& Knezek, 2017).

Teacher candidates’ experiences with technology prior to entering a
teacher preparation program are an important consideration in the
development of technology self-efficacy, which is their perceived skills and
competence or perhaps misperceptions of their ability to use technology.
Teacher preparation programs also play an important role in the future
development of teacher candidates’ self-efficacy in preparation for
integrating technology into classroom practices (Pendergast et al., 2011).

Teacher candidates should be provided with the necessary tools required
to develop high technology self-efficacy (Kent & Giles, 2017). A lack of
access to technology and the internet can be a challenge for some teacher
candidates due to the digital divide (Servon, 2002; Warschauer, 2007).
The recruitment and retention of a more diverse teacher candidate
population in teacher preparation programs will need to address the
technology skills with which candidates enter. Nevertheless, there is no
assurance candidates entering a teacher education program have the
skills, knowledge, and dispositions to use technology successfully for
teaching and learning.

The term “digital native,” originally penned by Marc Prensky in 2001,
described members of the upcoming generations as “native speakers” of
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the digital language of computers, video games, and the Internet.
Purportedly, it was expected that these millennial children, who were born
into the digital world, would have a natural comfort with all forms of
information and communications technology (De Bruyckere et al., 2016).
Kennedy and Fox (2013) investigated first-year undergraduates and found
these students used a wide variety of digital technologies, but their
primary use was for “personal empowerment and entertainment” (p. 76).

In addition, candidates entering teacher preparation programs are not
always digitally literate in using technology to support learning. This is
particularly evident when it comes to their use of technology as consumers
rather than as creators of content for academic uses.

If teacher educators carefully design curriculum and include alternate
forms of assessment that may integrate diverse media, they can create
opportunities for developing teacher candidates’ digital literacies and
expanding innovative and interesting learning environments. (Kennedy &
Fox, 2013). It is important to differentiate access to and skills with
technology from pedagogical practices with technology. A teacher
candidate’s tech savviness for personal use or in their own learning is a
foundation on which to build TSEinTI into teaching and learning, but their
prior use of technology does not necessarily equip them to teach with
technology.

Teacher Self-Efficacy and Successful Integration of
Technology

Oliver and Shapiro (1993) found in-service teachers’ self-efficacy beliefs
were indicators of success for technology integration. Additionally,
teachers’ beliefs about technology impacted the integration of technology
into their teaching practices (Al-Awidi & Alghazo, 2012; Compeau et al.,
1999; Ertmer, 2005). These combined research findings provide a depth
of insight into key ideas about how TSE influences successful technology
integration (Compeau et al., 1999; Ertmer, 2005; Kwon et al., 2019, Oliver
& Shapiro, 1993), and while the participants in many of the studies were
in-service teachers, the insights can serve as a guide for designing activities
to promote teacher candidates’ TSEinTI.

Bandura (1997) highlighted four types of influence that support the
development of TSE, including (a) enactive mastery experiences, (b)
vicarious experiences, (c) verbal persuasion, and (d) physiological and
affective states. These four influence types provide a framework for ways
hands-on experiences provide opportunities for success (mastery).

Additionally, Bandura’s work helps one realize observational experiences
(vicarious) can be critical elements in the preparation of future teachers.
Additionally, feedback, coaching, mentoring, and support (verbal
persuasion along with physiological and affective states) influence the
efficacy of teachers and should be provided in teacher preparation
programs to develop positive TSE in a variety of digitally rich educational
contexts, thus developing TSEIinTIL.
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Bandura (1997) found that previous success with completing a task
positively influenced an individual's self-confidence to succeed in a similar
task. However, teachers with low self-efficacy may lack the motivation
needed to improve. Because mastery and self-efficacy impact motivation,
it is important for preparation program designers to focus on the factors
that impact instructional self-efficacy in technology-rich environments
(Elstad & Christophersen, 2017). Teachers and teacher candidates who
have low self-efficacy in one area may avoid it and focus on something in
which they feel confident (Artino, 2012). For example, if a teacher or
teacher candidate has low TSEinIT, they will avoid implementing
technology-integrated lessons or digitally rich contexts altogether.

Thus, an important component of a technology-infused program is to
provide a variety of opportunities to develop TSEinTI throughout the
program and in multiple contexts. Four methods to support in-service
teachers and teacher candidates in developing their self-efficacy include
designing instruction to enable candidates to (a) reflect on and learn from
past successes or failures, (b) observe peers to thoughtfully consider
successes or failures, (¢) consider suggestions from other people, and (d)
assess their stress level toward the task and identify ways to address that
stress (Kwon et al., 2019).

Affective Influences on Development of Teacher Self-Efficacy

The development of TSEinTI does not happen in isolation. Just as the
experiences and opportunities prior to and within the teacher preparation
program influence its development, so do an individual’s attitudes, beliefs,
and intentions. Teacher candidates’ attitudes toward learning with and
about technology integration and taking risks in teaching are associated
with TSEinTI. Teo and van Schaik (2012) found in their study that self-
efficacy and attitudes influenced teacher candidates’ intentions to use
technology. Kwon et al. (2019) measured the relationship between the
integration of mobile technology and self-efficacy, beliefs, and ease of use.
Of those three areas, only self-efficacy predicted the integration of
technology.

Behavioral beliefs surrounding fidelity of integration influence attitudes
and intentions. “Similarly, normative beliefs about perceived expectations
of important reference groups such as other teachers or parents influence
the subjective norms held by individuals about technology integration”
(Buss, 2020, p. 197). Understanding various influences on teacher
candidates’ TSEinTI development helps teacher educators purposefully
include it in teacher preparation program design. Gathering data on these
noncognitive variables can provide better understanding of these
influences (Foulger et al., 2019) and will provide a specific understanding
of the teacher candidates’ perceptions, which in turn, supports the design
of purposeful activities.

While many barriers to technology integration may exist, internal barriers,
which include attitudes, confidence, and beliefs, are often the most
complicated to overcome (Ertmer et al., 2012). Additionally, overcoming
internal barriers may be the most critical in integrating technology into the
classroom. Researchers have found that teachers’ attitudes toward
technology, their self-efficacy, their beliefs, their openness to change, and
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the perceived usefulness of the tools are among the factors that promote
effective use of technology in the classroom (Christensen & Knezek, 2017;
Kim et al., 2013).

Building TSEInTI Through Technology-Infused Teacher
Preparation Programs

Based on our review of literature, we identified key design implications for
policy and practice. The appendix shows strategies for the development of
TSEinTI throughout teacher preparation programs. Recommendations for
enhancing TSEinTI for teacher preparation programs are twofold: (a)
design program components that develop teacher candidates TSEinTI and
(b) grow a program culture that values TSEinTT.

Program components should reflect practical opportunities for teacher
candidates to see and use examples and apply powerful applications of
technology in teaching and learning contexts. Teacher candidates should
make connections with experienced teachers who integrate technology
into learning experiences. The culture of the program should enhance
teacher educators’ TSEinTI to support the development of teacher
candidates through modeling and shared experiences.

Specific implications to be considered when designing technology-infused
teacher preparation programs that could lead to higher teacher
candidates’ TSEInTI are described in the narrative that follows. Additional
information in the appendix provides examples and references for more
information to support the design of program-deep and program-wide
infusion of technology to enable the development of TSEinTI in teacher
candidates and teacher educators.

Developing a Program to Support Teacher Candidates’
TSEinTI

Designing a teacher preparation program that supports teacher
candidates’ TSEinTI requires numerous opportunities for them to learn,
practice, and plan technology integration to build the knowledge, skills,
and dispositions that empower them to integrate technology into their
future classrooms. Findings from the literature review revealed five
components teacher preparation programs can integrate to support
teacher candidates’ TSEinTI:

e use of frameworks and models for technology integration,

e authentic experiences for candidate use of technology,

e opportunities for candidates to design technology-integrated
lessons,

e opportunities for critical reflection, and

e assessment of candidate growth in self-efficacy in technology
integration.
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Adopting Models and Frameworks for Technology
Integration

Integration models help provide a framework to understand and organize
the necessary components for successful implementation of any program.
One model, The Will, Skill, Tool, Pedagogy (WSTP) Model, is based on four
components deemed necessary for the successful integration of technology
into the classroom teaching and learning environment (Knezek &
Christensen, 2016). The WSTP Model includes positive teacher attitudes
toward technology (Will), proficiency with technology (Skill), access to the
needed tools and infrastructure (Tool), and teaching practices that are
conducive to promoting technology-infused teaching and learning
(Pedagogy).

Technological pedagogical content knowledge (TPCK; also known as
technology, pedagogy, and content knowledge, or TPACK) is a framework
for technology integration intended to form a more integrated approach
for three kinds of knowledge required for teaching: technology, pedagogy,
and content (Thompson & Mishra, 2007—2008). It is illustrated in Figure

3.

In a study of 298 teacher candidates, data related to university support of
technology, technology self-efficacy, perceived skills, and TPACK
indicated technology self-efficacy to be a strong predictor of TPACK (Wang
& Zhao, 2021). The researchers also found a significant positive correlation
among university support, perceived competence, and self-efficacy as they
related to technology. They concluded that to strengthen technology self-
efficacy teacher preparation programs should provide opportunities to
learn technology skills, provide access to the needed tools, and include
ongoing guidance.

In addition, they concluded that being provided with models of successful
technology integration, such as the TPACK Framework, was useful in
improving TSEIinTI. While TPACK represents three individual
components (technology knowledge, pedagogical knowledge, and content
knowledge), it is teacher candidates’ development within the intersections
of the distinct knowledge types (e.g., technological pedagogical knowledge,
technological content knowledge, and TPCK) that can support higher self-
efficacy beliefs about technology integration (Abbitt, 2021; Chai et al.,
2019).

The Synthesis of Qualitative Data (SQD) Model was developed with the
intention of providing an evidence-based model to inform teacher
education programs. Tondeur et al. (2012) synthesized 19 qualitative
studies, yielding 12 themes to create a model that includes components
necessary to prepare teacher candidates to integrate technology effectively
in their future classrooms. The SQD model contains three interrelated
levels. All three levels are critical components of sustained, effective
technology integration.
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Figure 3
Technological Pedagogical Content Knowledge
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Note: Revised version of the TPACK image,
https://punyamishra.com/2018/09/10/the-tpack-diagram-gets-an-upgrade
© Punya Mishra, 2018. Reproduced with permission.

The outside level of the model includes systematic and systemic change
efforts that rely on evidence aligning theory to practice. Individuals tasked
with making curricular decisions within the systems-level have the power
to promote effective technology integration. The second level includes the
components that support the teacher educator in the classroom with
planning and leadership, resources, training, and professional
development. In addition, the second level includes cooperation within
and between institutions, which is a critical element in preparing teachers
to use technology in their clinical experiences. The third level is connected
to the experiences that need to be present in a teacher preparation
program to ensure the candidates are prepared to use technology
effectively and appropriately in the classroom.

As shown in Figure 4, these six strategies include role models, reflection,
instructional design, collaboration, authentic experiences, and feedback.
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Each of these strategies contributes to increasing candidates' TSEinTI and
is discussed later in the article.

Figure 4
SQD Model to Prepare Teacher Candidates for Technology Use

PREPARING
PRE-SERVICE TEACHERS

FOR TECHNOLOGY USE

Note: SQD Model to Prepare Teacher Candidates for Technology Use. Reprinted
from “Preparing pre-service teachers to integrate technology in education: A
synthesis of qualitative evidence,” by J. Tondeur, J. van Braak, G. Sang, J. Voogt,
P. Fisser, & A. Ottenbreit-Leftwich, 2012, Computers & Education, 59(1), 134-
144. © Jo Tondeur, 2012. Reprinted with permission.

Experiences for Successful Integration of Technology

Successful technology-infused programs provide a variety of experiences
and instruction to enhance the teacher candidates’ TSEinTI, leading to
effective technology-infused classroom practices. Connecting Bandura’s
(1997) four types of self-efficacy to the SQD model domains, candidate
opportunities for designing instruction and participation in authentic field
experiences enhances their TSEinTI and promotes mastery of their craft.

Research by Moore-Hayes (2011) focused on teacher candidate
preparation for technology integration found that candidates valued
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completing a portion of their practicum in technologically advanced
classrooms. These teacher candidates also emphasized the impact of
mentorship by teachers experienced in effective teaching strategies, and
the researcher concluded that “new teachers would have felt better
prepared to include technology as part of a teaching strategy if they had
been exposed to more authentic examples of successful technology
integration during their teacher training” (p. 11).

Bandura’s (1997) vicarious experiences can be provided by a variety of
sources; an example significant to teacher candidates is role modeling
from teacher educators leading preparation courses and supervising
teachers in classroom experiences. In a study investigating the variables
that increased TPACK, Wang and Zhao (2021) concluded that being
provided with models of successful technology integration is useful for
improving teachers’ technology self-efficacy. An additional study related
to ways modeling influences teacher candidates found that technology-
integrated lessons designed by teacher candidates directly reflected the
tools and practices previously modeled in their teacher preparation
courses (Zipke et al., 2019).

The third of Bandura’s (1997) four types of self-efficacy is verbal
persuasion. Verbal persuasion can come from feedback and coaching
provided to teacher candidates about a variety of classroom practices and
dispositions. Unal et al. (2017) studied elementary teacher candidates and
their self-efficacy for technology integration; verbal persuasion in the form
of feedback from mentor teachers was shown to have a significant effect
on teacher candidates’ self-efficacy in technology integration. Unal et al.
also noted that social persuasion and feedback from instructors were
among the most influential factors contributing to the development of
teacher candidates’ self-efficacy for technology integration.
Encouragement and feedback supported teacher candidates in developing
and refining their beliefs about teaching and technology integration, as
well as fostering positive feelings about that integration and ensuing
instruction.

Bandura’s (1997) physiological and affective states are chiefly related to
attitudes and dispositions toward using technology. Yildiz Durak (2021)
found that explicitly developing teacher candidates’ beliefs and attitudes
toward technology integration is one of the most significant variables
impacting levels of self-efficacy. Additionally, research indicated that
attitudes, beliefs, and dispositions may be improved through
collaboration. This collaboration can take the form of teacher candidate
and peer collaborations or teacher candidate and mentor teacher
collaborations. The latter type of collaboration happens when teacher
candidates share new tools and ways to teach with technology with their
mentor teachers (Yey et al., 2021). Collaboration is a powerful form of
teacher learning. The interactions and dynamics among members create
distributed knowledge, which supports confidence in using technology
and self-efficacy for technology use and integration (Yeh et al., 2021).

Impact of Designing Technology Integration Lessons

Self-efficacy for technology integration is a predictor of actual technology
integration (Anderson & Maninger, 2007; Anderson et al., 2011). Research
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has suggested that teacher candidates need regular practice making
connections between professional knowledge, technology, and
instructional practice (Tondeur et al., 2012), as well as opportunities for
reflection on those connections. Birisci & Kul (2019) found that designing
instruction using technology for the classroom was a significant predictor
of teacher candidate technology self-efficacy.

Wang & Zhao (2021) suggested that teacher candidates collect examples
of technology integration, curating them into specific subject areas. This
collection can provide teacher candidates with ideas and support when
creating and designing future lessons. This repertoire of curating lesson
ideas with the corresponding technology integration strategies is one step
in scaffolding self-efficacy in teacher preparation programs. Additionally,
the end goal in TSEInTI is to support teacher candidates with envisioning,
procuring, developing, and providing PK-12 learner-focused content.

To this end, existing conceptual models add all-inclusive approaches for
supporting teacher candidates in designing technology integrated
instruction. Conceptual models related to technology integration
identified through literature include (a) Substitution, Augmentation,
Modification, Redefinition (SAMR; Puentedura, 2006); (b) Analysis,
Design, Develop, Implement, Evaluate (Morrison, 2010); (¢) TPACK
(Mishra & Kholer, 2009); (d) Passive, Interactive, Creative — Replaces,
Amplifies, Transforms (PIC-RAT; Kimmons et al., 2020); and (e)
Engagement, Enhancement, Extension (Triple E; Kolb, 2020).
Throughout the process of lesson preparation, teacher candidates become
more effective decision makers, developing their beliefs about and
attitudes toward learner expectations, instructional design for technology
integration, and instructional practices.

The use of a repertoire and lesson planning models is only a first step in
developing teacher candidates’ self-efficacy. As self-efficacy represents a
critical factor in teacher candidates’ intention to integrate technology, it is
important to develop not only technology integration skills and knowledge
during teacher education programs, but also to attend to the affective
dimension of self-efficacy.

Critical Reflection

The affective dimension can be addressed by supporting teacher
candidates in developing positive feelings toward technology integration
and working to alleviate teacher candidates’ concerns. One method for
doing this is through cases or vicarious experiences, which can build the
observer’s confidence and control, reduce anxiety, and increase self-
efficacy with a particular task. However, teacher candidates need to move
beyond the reality of apprenticeship by observation (Farrell, 2015; Lortie,
1975) to reflection as a process (Christopherson, 2019).

Self-efficacy development is dynamic. Supporting teacher candidates in
the process of developing their TSEInTI in the physiological and affective
states (Bandura, 1997) should include an action-reflection cycle (Naidoo &
Naidoo, 2021). Action-reflection focusing on technology integration
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positions the teacher candidate’s experience of instructional design and
critical reflection alongside Bandura’s (1997) four types of self-efficacy.

Critical reflection is a strategy that teacher candidates can use to cope with
problems that may occur in the planning and implementation of
technology-integrated lessons in the classroom (Yost, 2006). Research has
shown that modeling and encouraging critical reflection throughout a
teacher candidate’s education experience resulted in meaningful changes
in confidence and motivation. Rehmat and Bailey (2014) highlighted that
explicit instructional support of teacher candidates and ongoing reflection
into instructional practices led to positive changes in beliefs and behaviors
relating to technology integration.

Assessing Progress in Developing Technology Self-efficacy

Being aware of one’s own TSEinTI can be achieved through reflective
practices and can be traced over time through repeated measures of self-
efficacy using reliable inventories and scales. Accurately measuring levels
of TSEinTI in teacher candidates is an important first step toward
enhancing comfort level and confidence in integrating technology into
their future classrooms. Although many measures of teacher self-efficacy
can be found in the research literature, Table 1 includes a selection that
has been used to document results related to teacher candidates’
development of TSEinTI.

These measures have been shown to be reliable and valid instruments for
use with teacher candidates, both as a baseline measure and as a pre-post
measure following an intervention.

Researchers have indicated that measuring candidate development can
inform both teacher candidates and teacher preparation programs of
growth in TSEinTI throughout a candidate’s program (Christensen, 2021,
Christensen & Knezek, 2017; Foulger et al., 2021; Wang et al., 2004).

Teacher educators can also integrate other measures into candidates’
experiences to gauge TSEinTI, using strategies such as digital learning
portfolios, course assignments, interviews, and microcredentialing.
Digital learning portfolios are a vehicle to compile, reflect on, and show
growth over time via artifacts demonstrating technology integration. The
act of creating a portfolio engages the teacher candidate in reflective
practice and opportunities to showcase their work and learning. Digital
learning portfolios have been used as an assessment tool and vehicle for
developing TSEinTI (Kovalchick et al., 1998; Wetcho & Na-Songkhla,
2019). Assignments that allow teacher candidates to practice in safe
environments, create and discuss interactively, or provide authorship
opportunities reveal and develop TSEinTI (Byker et al. 2018; Rowston et
al., 2021). Interviews or conferences with teacher educators create space
for teacher candidates to talk through experiences and collaboratively
build awareness of their TSEinTI with others.
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Table 1
Teacher Self-Efficacy in Technology Integration: Teacher Candidate
Assessment Tools

Measure
Measure Description What It Assesses
Technology Proficiency Self- 34-item survey |[teacher self-efficacy regarding
Assessment for 21st Century skills for integrating
Learning (TPSA C21) technology into classroom
(Christensen & Knezek, 2017) teaching and learning
Technology Proficiency Survey for |22-item, 3-scale [technology self-efficacy
Educators (TPSE) survey aligned with the ISTE
(Christensen, 2021) standards for teachers;
scales include 1. design, create
and model learning with
technology, 2. communicate
and collaborate using
technology, and 3. using
technology to extend learning
beyond the classroom
Intention to Teach with 56-item survey |behaviors, beliefs, attitudes,
Technology (IT2) and intention to use
(Foulger et al., 2021) technology in the classroom
using The Decomposed
Theory of Planned Behavior
(Taylor & Todd, 1995)
Computer Technology Integration |21-item survey |participants' self-efficacy
Survey beliefs for technology
(Wang et al., 2004) integration
Technology Integration 25-item survey [participants’ perception of
Confidence Scale confidence in completing
(Brown, 2009, 2011) tasks aligned with the ISTE
Teacher standards

Buss (2020) discussed the benefits of conducting focus group interviews
of teacher candidates for input to teacher preparation program
development. Insights gained through conversations about lesson design,
alignment to International Society for Technology in Education (ISTE)
standards, and technology integration strengths and needs can inform
teacher preparation course content and connections to field experiences
(see also Kim et al. 2013).

Last, microcredentialing and badging can be both a way to promote
teacher candidates’ self-efficacy and trace it over time. “Digital badges
promote increased self-efficacy through formative feedback and the ability
to resubmit evidence in cases of inadequate performance” (Clausen, 2022,
p. 278). Badges earned over time provide teacher candidates and teacher
educators with ways to monitor technology integration and reflect
incremental growth in TSEinTI. When making design decisions regarding
technology infusion in teacher preparation programs, selecting a balance
of measures that trace TSEinTI over time and that are embedded in or
facilitate learning, provides opportunities to triangulate data and make
sound assertions and decisions based on the data collected (Buss, 2020).
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Influence of Program Culture in Creating TSEinTI

While TSEinTI occurs in individual candidates, the context and
environment in which they are learning is instrumental in supporting their
growth. Leadership in a teacher preparation program must develop buy-
in from teacher education faculty members who have a direct impact on
student learning. In addition, the infrastructure must provide and support
the tools and access needed to integrate technology and development of
technology self-efficacy. Findings from the literature indicate three
elements of program culture essential to the support of teacher candidates’
growth of TSEinTT:

e establishing expectations for teacher educators,
e providing infrastructure for equitable access,
e developing technology competency.

TSEiInTI Expectations for Teacher Educators

Developing TSEinTI through a technology-infused teacher preparation
program relies on collaborative efforts among institutional leadership,
educational technology instructors, teacher educators, and local education
agencies (Sprague et al., 2022). One key expectation for a successful
technology-infused program is enhancing TSEinTI in teacher educators.
Yet, research about teacher educators’ self-efficacy in and attitudes about
technology integration has limited representation in the literature (Ping et
al., 2018). The recommendations for establishing expectations for teacher
educators in the appendix are intended to bridge schisms across diverse
content instructional practices while retaining individual instructors’
abilities to draw on research that supports content-specific course design.

TSEinTT has the potential to deeply influence future classroom practices.
Additionally, as teacher candidates gain confidence related to their digital
skills there is an acknowledgment of strong connections to self-efficacy
(Elstad & Christopherson, 2017). Multiple frameworks and models, such
as TPACK (Thompson & Mishra, 2007), WSTP (Knezek & Christensen,
2016), SAMR (Puentedura, 2006), and SQD (Tondeur et al., 2012) provide
conceptualizations of effective actions related to professional practice. The
ISTE (2017) Standards for Educators and the Teacher Educator
Technology Competencies (TETCs; Foulger et al., 2017) describe the
desired level of practice and technology integration expected from
effective in-service teachers and teacher educators. Professional
standards help to ensure that teachers feel capable of creating rigorous,
transformative, equitable, and technology-integrated learning experiences
for PK-12 students.

Providing Infrastructure for Equitable Access

Providing adequate infrastructure and access to tools, resources, and
connectivity is a common conversation when planning technology
infusion in educational environments (Asher, 2009, Borthwick et al.,
2020). There is a significant relationship between teachers’ comfort and
proficiency in using technology and the degree to which they implement
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the technology; thus, opportunities to build comfort with technology relies
on access to tools (Schechter, 2013).

It is also challenging to integrate technology into educational
environments that do not have reliable connectivity available. Colleges and
schools of education and PK-12 schools’ access to technology tools and
connectivity affords technology integration and promotes its use
throughout the curriculum in formal (e.g., classrooms and labs) and
informal (e.g., common areas and libraries) learning environments
(Leonard et al., 2021). Experiences interacting with classroom
technologies and the perception of the level of difficulty to access and use
technology influence TSEinTI (Schechter, 2013; Zilka, 2021).

Findings from Cardullo et al., (2020) also identified internet connection
as a challenge and noted low TSEinTI where there was a lack of support
and resources when teaching online. Yet, recognition of technology
affordances such as ability to adjust to contextual shifts and to
differentiate learning for students promoted higher TSEinTI.

Access to technology-infused opportunities is another necessary
component to creating a program culture that values TSEinTI. Adopting a
program-deep and program-wide mindset about technology integration
across teacher preparation programs’ coursework strengthens teacher
candidates’ TSEinTI through frequent access to technology-rich content
and practice opportunities.

Ebersole (2019) found that the context of a teacher preparation program
has an effect on teacher candidates’ sense of self-efficacy related to
technology integration. Teacher candidates should “encounter technology
in conjunction with the pedagogical and content knowledge they need to
master in order to eventually become innovative members of the larger
community of practicing teachers” (p. 135). This requires not only access
to standalone educational technology courses, but also subject-specific
content and pedagogical approaches that model technology integration
(Ebersole, 2019; Foulger et al., 2019; Koh & Divaharan, 2011; Ottenbreit-
Leftwich et al., 2018). Researchers also claim that TSEinTI increases when
teacher candidates have field experiences in technology-rich contexts and
with savvy mentor teachers who can model integration and support
technology-infused opportunities for teacher candidates’ learning
(Hammond et al., 2011; Liu, 2012; Sprague et al., 2023).

Developing Technology Competency

Proficiency with technology itself has also assumed an important role,
whether technology is used to enhance instruction; used for
communication between teachers, students, and parents; or used to assess
student learning. Technology integration proficiency is a multifaceted
attribute of an individual teacher that involves technology knowledge and
skills, confidence in that knowledge and level of skill, attitudes, and
pedagogical expertise, all merged together with content knowledge in a
discipline (Mishra & Koehler, 2006).
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The International Society for Technology in Education (2017) has created
Standards for Educators to guide the skills needed to use technology in
the 21st-century classroom. Twenty-first-century technology skills are
those abilities that enable students to access, analyze, manage, synthesize,
evaluate, create, and share information in a variety of forms and media
that incorporate a global perspective. Accrediting agencies such as the
Council for the Accreditation of Educator Preparation (ISTE-CAEP, 2016)
have aligned their requirements regarding technology in teacher
preparation programs with the ISTE standards. These ISTE standards are
used by many teacher preparation programs to guide their teacher
candidates’ technology development.

As described in models presented earlier in this paper, there are multiple
components that contribute to TSEInTI including attitudes, access to
tools, as well as digital competency (pedagogical and technological skills;
Knezek & Christensen, 2016; Mishra & Koehler, 2006). Digital
competency includes both technology skills and pedagogical skills
necessary to facilitate learning in a digital environment (Ogodo et al.,
2021). The lack of these skills leads to limited use of technology in
instructional practice, which contributes to a teachers’ low TSEinTI
(Anderson et al., 2011).

Conclusion

Teacher preparation programs that emphasize technology infused
experiences provide teacher candidates many opportunities to develop
their TSEinTI. Through such programs, teacher candidates are given space
to practice and develop their TSEinTI and gain practical experience before
entering PK-12 technology-infused contexts. A technology-infused teacher
preparation program requires purposeful program design to create
opportunities for teacher candidates to develop TSEinTI and create
transformative learning experiences throughout the program. The design
and implementation can be challenging and may require many
stakeholders to participate. However, fostering the craft and practice of
teacher candidates so they are well-prepared classroom teachers with the
skills, knowledge, and dispositions to interact with their future PK-12
students successfully, in the continually evolving world, can be achieved
with systematic design to develop teacher self-efficacy in technology
integration — a critical component of teacher preparation.
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Appendix

Technology-Infused Teacher Preparation Program Design Implications

Design Implication

Implementation Examples

Supporting
References

Design
Program
Components
that develop
teacher
candidates’
TSEinTI

Adopt frameworks
and models for

technology integration

that guide teacher

candidates’ pedagogical

decisions

Teacher educators model technology
implementation in their content areas.

Teacher candidates work with
mentor teachers who model technology
integration in PK-12 contexts.

Create a collection of examples of
technology integration into specific subject
areas to provide ideas and support for the
creation and design of future lessons.

Provide best-practice examples of
technology infused lessons and lesson plans
that are easily accessed.

Use integration frameworks as guides for
curriculum design.

Mishra, 2019;
Puentedura, 2006;
Sprague et al.,
2023; Tondeur et
al., 2012; Wang &
Zhao, 2021; Warr
et al., 2023; Zipke
etal., 2019

Build authentic
experiences using
technology
collaboratively with
field-based mentor
teachers

Build partnerships between colleges and
schools of education and school districts.

Pair teacher candidates with mentor teachers
who have high TSEinTI.

Jin et al., 2023;
Moore-Hayes,
2011; Sprague, et
al., 2023; Unal,
2017; Warr et al.,
2023

Design technology
integrated lessons
throughout program
courses and field
experiences

Design lessons using integration
frameworks, e.g., SAMR, TPACK, Triple E.

Include technology-integrated lesson design
requirements within method courses.

Require technology-integrated lesson design
opportunities within field experiences and/or
student teaching.

Position stand-alone technology course in the
program sequence to facilitate lesson design
opportunities.

Align instructional design opportunities to
the ISTE Standards for Students.

Develop awareness of classroom contexts for
technology infusion in PK-12 and Higher
Education (Develop XK, ConteXtual
Knowledge).

Birisci & Kul,
2019; Buss, 2022;
Foulger et al.,
2021; Kolb, 2018;
Kolb, 2020;
Mishra, 2019;
Sprague et al.,
2023; Warr et al.,
2023; Yeh et al.,
2021

Provide reflective
opportunities for
teacher educators,

Use PIC-RAT framework.

Integrate simulated experiences.

Bull et al., 2017,
Christensen et al.,
2011; Imasiku &
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teacher candidates, and
mentor teachers

Teach in-class reflective practice.

Employ models of reflective practice.

Bacchiocchi, 2022;
Kimmons et al.,
2020; Kolb et al.,
2018; Sprague, et
al., 2023; Uluay,
2021; Webb et al.,
2021; Yun et al.,
2019

Assess teacher self-
efficacy in technology
integration throughout
teacher preparation
program

Measure self-efficacy of teacher candidates
throughout the program using proven
instruments and scales that include specific
technology items.

Conduct interviews or conferences with
teacher candidates.

Build learning portfolios that showcase
abilities with technology integration.

Buss, 2020;
Christensen, 2021,
Foulger et al.,
2017,

Schmidt et al.,
2009

Establish expectations
for teacher educators’
integration of
technology in their
courses

Make expectations for faculty explicit in
hiring and promotion processes.

Adopt ISTE Standards for Educators and
Teacher Educator Technology Competencies
(TETCs).

Anderson et al.,
2011; Kolb et al.,
2018; Ogodo et al.,
2021

Provide infrastructure
for equitable access to
technology tools
(computers, apps,

Grow a network connection,
Program etc.)

Culture that

values TSEinTI

Provide necessary tools and networks
(computers, tablets, applications, software,
AR/VR/AI wi-fi, etc.) to teacher educators
and teacher candidates.

Provide access to technology-infused
opportunities within the teacher preparation
program.

Provide access to technology-infused
opportunities within field experiences.

Knezek &
Christensen, 2016;
Schechter, 2013;
Schmidt-Crawford
et al., 2020; Zilka,
2021

Develop technology
competency

Create a culture of program-wide
competence in technology skills.

Include stand-alone educational technology
course in teacher preparation programs.

Provide or request prerequisite experience
with technology.

Adopt ISTE Standards for Educators and
Teacher Educator Technology
Competencies.

Anderson et al.,
2011; Elstad &
Christopherson,
2017; Foulger, et
al. 2017; Ogodo et
al., 2021; Warr et
al., 2023
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