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ABSTRACT

Elementary through twelve grade (K-12) teacher knowledge has changed significantly over the past
100 years. The pendulum has swung from focusing mainly on content-area knowledge to mainly on
pedagogical strategies (Shulman, 1987). This dichotomy between these two distinct knowledge constructs
influenced Shulman’s (1986) research on pedagogical content-area knowledge (PCK). Shulman’s
PCK framework describes the intersection of both pedagogy and content area knowledge as a unique
knowledge to the teaching profession. At the same time PCK was established, the Carnegie Forum on
Education and Economy recommended creating a National Board of Professional Teaching Standards
(NBPTS) to demonstrate Shulman’s PCK framework. Furthermore, these new standards embraced
Mezirow’s (1991) transformative learning theory. They predicted that the 21st-century teacher would
“not come to the school knowing all they have to know but knowing how to figure out what they need to
know” (Carnegie Task Force, 1986, p. 25). Consequently, it was determined that what the 21st-century
teacher needed to know was technology integration (Gentry et al., 2014; Ismaeel & Al Mulhim, 2022).

INTRODUCTION

Research indicates that teachers participating
in professional development programs are likelier
to have increased technological knowledge (Han-
dler et al., 2021; Lehiste, 2015). The National Board
Certification process, often “recognized as the gold
standard in teacher certification” (National Board
for Professional Teaching Standards, 2014, p. 1), is
a year-long professional development process that
helps to build teachers’ confidence and knowledge
through the integration of technology, pedagogy,
and content to prepare teachers for contempo-
rary 2lst-century teaching (Handler et al., 2021;
Lehiste, 2015).

Experiences and beliefs offer insight into
defining 2l1st-century teacher knowledge. His-

torically, research indicates that teachers’ per-
ceptions of their own learning contribute to
their aptitude and ability to teach (Bandura,
1977). Furthermore, the way that teachers inter-
pret their own prior knowledge and classroom
experiences is important to acquiring further
pedagogical and content-area knowledge (Han-
dler et al., 2021; Mezirow, 2000). Shulman’s
(1987) research on pedagogical and content-area
knowledge integration influenced the idea that
the 2l1st-century teacher must develop a deep
understanding of both content and pedagogy to
increase knowledge capacity in both areas.
However, PCK itself is not enough to describe
the entirety of 2lst-century teacher knowledge.
The framework does not include technological
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components that address how teachers integrate
technology to transform their learning through
technological experiences, critical reflection, and
rational discourse (Abbit, 2011; Mezirow, 1991). In
response, Mishra and Koehler (2006) developed
the TPACK framework, which added four addi-
tional technologically interconnected domains to
Shulman’s original PCK. This created the tech-
nological, pedagogical, and content-area frame-
work (TPACK), forming the basis for 21st-century
teacher knowledge.

Research also indicated that teachers who had
participated in professional development programs,
such as the National Board Certification process,
were more likely to have increased self-efficacy
and TPACK, because the process helps to build
teachers’ confidence and knowledge (Handler et
al., 2021; Lehiste, 2015). The NBCT certification
demands that teachers ‘“support content-related
and pedagogical goals...and use instructional tools,
including technology, within the curriculum” to
support learning (National Board for Professional
Teaching Standards, 2015, p. 13). Studies show that
teachers who participated in professional devel-
opment, such as NBPTS, not only increased their
technological knowledge but began to evaluate
the associations between pedagogy, content-area
knowledge, and technology better (Kurt et al.,
2013; Mulder, 2014).

REVIEW OF RELEVANT LITERATURE

Although many studies identify teacher knowl-
edge perceptions regarding teachers’ integrated
TPACK, few have measured the dual constructs
of self-efficacy and TPACK. Research reveals that
“the greatest barrier to successful technological
integration in instruction is related to teachers’ effi-
cacy-beliefs” (Giles & Kent, 2016, p. 33; Handler et
al., 2021). Tweed’s (2013) research on non-NBCTs
specifically identifies technology as one of the
highest areas of need, and that the perceptions of
unpreparedness regarding technology are common
among teachers. Research further demonstrates
that teachers who have high self-efficacy purpose-
fully challenge themselves within their learning
and teaching (Cevik Kilic, 2015). This increases
their self-efficacy and TPACK integration (Keser
et al., 2015). The absence of information about the
relationship between self-efficacy and TPACK for
NBCTs is addressed in this study.

Theoretical Foundations.

Two theories frame this study. First, Mezirow’s
(1991) transformative learning theory provided
the theoretical foundation for adult learning and
teacher knowledge through the lens of the NBPTS
process and TPACK. Transformative learning
develops TPACK through a critical assessment of
assumptions and reflections, which is necessary for
NBCTs to learn and understand TPACK (Mezirow,
1991; Mishra et al.,, 2011). Second, Bandura’s
(1977) self-efficacy theory provided the theoreti-
cal foundation for teacher’s beliefs in their learning
abilities. Perceived self-efficacy strongly impacts
a teacher’s anticipated cognitive success, as learn-
ing is not just transformed through knowledge
but also realized through the beliefs teachers have
about their competency to acquire such knowledge
(Bandura, 1999; Handler et al., 2021; Mezirow,
1991). Specifically, these frameworks provided an
opportunity to examine the relationship between
self-efficacy and each of the technology-integrated
TPACK competencies for NBCTs.

TPACK Framework.

Shulman’s (1986) research, comparing the
knowledge of accomplished teachers to that of
novice teachers, determined that the most knowl-
edgeable teachers use a combination of both con-
tent-area knowledge and pedagogical knowledge
to teach complex ideas (Shulman, 1987). Pedagogi-
cal knowledge (PK) is defined as knowing how
to present the information for learning, and con-
tent knowledge (CK) is defined as subject matter
knowledge. Thus, the intersection of PK and CK
distinguishes teachers from just being content-
area experts (Shulman, 1986). Shulman (1986)
identified this as PCK or pedagogical content-area
knowledge (Figure 1).

Figure1.

In 2006, Mishra and Koehler added technology
to Shulman’s original framework. Their research
defined technology as a fluid concept, noting that
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digital tasks could be done through information
processing, communication, or problem-solving
(Koehler & Mishra, 2009). More specifically, this
updated framework adds four distinct areas of
integrated technological knowledge to the PCK
framework. First, technological knowledge (TK)
is defined as knowing how to use technology
(Mishra & Koehler, 2006). Secondly, technologi-
cal pedagogical knowledge (TPK) is defined as the
teachers’ ability to determine what tools are best
used for the lesson. Third, technological content-
area knowledge (TCK) describes the knowledge of
selecting the best technological tools for a specific
subject area (Mishra & Koehler, 2006). Finally,
like Shulman’s earlier work, Mishra and Koehler
(2006) theorized that the most effective teacher
knowledge intersects from all points of the TPACK
framework (Figure 2).

Figure 2.
Three Circle Representing the Intersection of TPACK

frod\

Note: Adapted with permission From Mishra & Koehler, 2006

National Board for Professional Teaching
Certification

Shulman continued to recognize teachers
as professionals by advocating for the creation
of a national board of teacher certification. This
board, comparable to medical and legal boards,
would certify teachers on a national scale (Shul-
man, 1986). In 1986, Shulman and The Carnegie
Forum on Education and Economy formally intro-
duced a plan to create a National Board for Pro-
fessional Teaching Standards to establish high
standards for what teachers need to know and
be able to do (Carnegie Task Force, 1986; National
Board for Professional Teaching Standards, 2022).
In 1987, the National Board of Professional Teacher

Standards was established, granting certification to
teachers who successfully demonstrated the knowl-
edge and skills related to the PCK integrated frame-
work (Sykes, 2022). Thus, the introduction of teacher
knowledge as both pedagogy and content-area knowl-
edge integration was formally established. Today, the
NBCT standards also include integration technology
(National Board Certification, 2022).

To become a National Board-Certified Teacher,
an educator must have at least three years of full-
time experience, submit a teaching portfolio, and
submit a video of their authentic teaching practice
to a peer-reviewed committee (National Board
Certification, 2022). NBCTs must demonstrate
their ability to know the subjects they teach and
be able to integrate pedagogical strategies and
technology within those subject areas (Handler et
al., 2021). This process can take up to five years
(National Board for Professional Teaching Stan-
dards, 2022). Presently, only 0.3% of teachers hold
National Board Certification (National Board for
Professional Teaching Standards, 2015).

Self-efficacy and TPACK

Teachers’ self-efficacy perceptions affect
teacher knowledge and TPACK integration. For
instance, a lack of perceived confidence has con-
tributed to a reduction of technology usage in the
classroom (Blackwell et al., 2014; Minshew &
Anderson, 2015). Moreover, teachers who do not
have a high belief in their abilities to use technol-
ogy in the classroom assign sporadic or stand-alone
technology assignments (Byker, 2014), which do not
correlate to using integrated TPACK competencies
(Corkin et al., 2016). However, high self-efficacy
levels do correlate to improved technology usage
in the classroom (Gomez et al., 2022; Hines, 2013).
Studies suggest that teachers with high self-efficacy
have a positive effect on TPACK, specifically with
the ability to support instruction within the areas of
TK and TCK (Millen & Gable, 2016; Su et al., 2017).
Moreover, previous studies indicate that NBCTs
have high levels of self-efficacy (Handler et al.,
2021; Hines, 2013), but no studies indicate NBCTs
TPACK knowledge.
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Changing Role of K-12 Teachers

Modern teaching shifts traditional methods of
teaching through the integration of TPACK. In a
modern classroom, technology unites the curricu-
lum in the same way that reading and writing unite
all subject areas (Gentry et al., 2014; Ismaeel & Al
Mulhim, 2022). Technology opens doors for com-
munication like never before (Sasseen et al., 2013).
Today’s students are expected to manipulate infor-
mation within compelling learning environments
(Archambault et al., 2022; McWilliam, 2017),
in which teachers have a central role in creating
instruction through their knowledge of technology
and content (Handler et al., 2021; Harlow Shinas
et al., 2013). In a modern classroom, technology
develops within the lesson to transform pedagogy
and its content (Bicen & Beheshti, 2022; Kazu &
Erten, 2014). Therefore, the usage of technology
is simply not enough. There needs to be a shift in
K-12 education toward the integration of technol-
ogy, pedagogy, and content-area knowledge.

TPACK Competencies

Technological knowledge constantly changes
and encompasses a broad set of skills that are dif-
ficult to master. Technological knowledge must
encompass ways to authentically use technology
in the classroom to connect to the subject mat-
ter (Paciga et al., 2018). Research shows diverse
results in the TK construct. For instance, teach-
ers in six districts in China rated themselves low-
est regarding TK (Liu et al., 2015), and parallel
findings in New Zealand indicated that even after
field experience, TK was the lowest construct
noted in a post-survey (Nordin et al., 2013). How-
ever, teachers in Taiwan rated themselves highest
in TK (Chang et al., 2014). These diverse results
show just how varied and comprehensive techno-
logical skills are. This research study extended
these results to include National Board Certified
Teachers in the USA.

Pre-service teachers and non-NBCTs do show
strong perceptions of technological pedagogical
knowledge after practice and training. For instance,
in their final year of university coursework,
preservice teachers demonstrated high scores in
TPK (M = 4.71) after constructivist-oriented training
(Dong et al., 2015), and high scores in TPK (M =
4.67) after general teacher training (Kurt et al., 2013).
Moreover, practicing elementary school teachers

rated TPK highest out of all the technologically
embedded competencies (M = 3.54), showing
strong perceptions in this construct (Yi et al,
2015). Furthermore, in two separate studies in
the United States, preservice teachers in Illinois
(M = 6.01) and Nebraska (M = 4.51) saw marked
improvements in TPK after training (Banas &
York, 2014; Hofer & Grandgenett, 2012). National
Board Certified Teachers participate in several
years of professional training, and the results of
this study revealed their TPK perceptions.

Although the technological content-area
knowledge construct represents an integration of
technology and content-area expertise, research
reveals that even among a population of content
experts, a high degree of TCK is difficult to mas-
ter (Brantley-Dias & Ertmer, 2013; Trihastuti,
2022). Benson and Ward (2013) interviewed and
observed content-area specialists and showed that
only 33% of the instructors with specialized con-
tent and education training, integrated technol-
ogy and content-area knowledge. Additionally,
Akman and Guven (2015) found a medium direct
relationship between CK and TCK, and a medium
direct relationship between TK and TCK, indi-
cating that 40% of the TCK perceptions could
be explained by isolated CK and TK percep-
tions. However, none of these studies considered
National Board Certification.

Overall, overall teaching experiences cor-
relate to TPACK success. Integrated technology,
pedagogy, and content-area knowledge are cre-
ated through the different combinations of TPACK
knowledge (Koehler et al., 2013). It takes prac-
tice and experience to become proficient. In a
case study, Benson and Ward (2013) revealed that
teachers with strong TPACK mastery differentiate
instructional decisions in unique ways that foster
student learning through technology. A mean anal-
ysis of all variables in TPACK indicated that non-
NBCTs with experience scored over five points in
all areas of TPACK on a Likert scale of seven, indi-
cating high perceptions of all TPACK areas (Kim
et al., 2013). Also, after field experience, preservice
teachers increased TPACK by 0.63, indicating a
medium effect and revealing that teaching experi-
ence plays a role in increasing TPACK (Nordin et
al., 2013). This study revealed the TPACK knowl-
edge of highly experienced NBCTs.
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RESEARCH QUESTIONS

Before this study, little was known about the
relationship between self-efficacy and TPACK
among NBCTs specifically. TPACK studies for
non-NBCTs typically focused on content-specific
subjects or grade-level specific teachers (Beeson
et al., 2014; Celik & Aytin, 2014; Utomo, 2022).
Overall, preservice populations were more prev-
alent than any other teacher population studied
within TPACK (Aldemir Engin et al., 2022; Jor-
dan & Dinh, 2012; Young et al., 2014). Moreover,
the literature review did not reveal a specific
examination of National Board-Certified Teach-
ers’ self-efficacy in relation to their integrated
TPACK knowledge. This study aimed to extend
this empirical research by examining the rela-
tionship between self-efficacy and the techno-
logically-integrated knowledge competencies of
TPACK for NBCTs. The following research ques-
tions (RQs) guided the research study:

RQL. Is there a statistically significant correla-
tion between self-efficacy and technological knowl-
edge (TK) of National Board Certified Teachers?

RQ2. Is there a statistically significant cor-
relation between self-efficacy and technological,
pedagogical knowledge (TPK) of National Board
Certified Teachers?

RQ3. Is there a statistically significant cor-
relation between self-efficacy and technological
content-area knowledge (TCK) of National Board
Certified Teachers?

RQ4. Is there a statistically significant cor-
relation between self-efficacy and technological
pedagogical content-area knowledge (TPACK) of
National Board Certified Teachers?

METHODOLOGY

This study employed a quantitative correlational
methodology. The research questions focused on
the relationship between self-efficacy and the four
technologically embedded TPACK competencies
of NBCTs. Data was collected from a survey that
was sent as an email link to all NBCTs in the state
of Arizona. This study collected and measured
interval data, which allowed for the testing of
relationships between the variables (Ledermann &
Kenny, 2017). The data was primary source data
collected from self-reported surveys completed by
individual NBCTs. The data collection procedures
used two instruments to measure the research

variables operationally. A survey method was used
to collect data on the sample.

RESEARCH CONTEXT AND SAMPLE

The target population was comprised of 1,219
National Board-Certified Teachers in the state of
Arizona, USA. The sample for this study included
84 National Board-Certified Teachers in Arizona.
The data indicated that 84 participants were over
the age of 18, held National Board Certification,
and had over three years teaching experience. Data
for each variable was collected through self-report
and resulted in a range of responses based on two
validated instruments, which were used to measure
TPACK knowledge and self-efficacy beliefs. Par-
ticipants completed each survey via a web-based
survey system.

SURVEY INSTRUMENTS

The first instrument was the Teacher’s Sense
of Self-Efficacy Scale (TSES), which was used
to collect information on perceived self-efficacy
(Tschannen-Moran & Woolfolk Hoy, 2001a). The
TSES operationally defined and measured self-
efficacy from 12 questions on a Likert scale with
a range of 1 to 9 (Tschannen-Moran & Woolfolk
Hoy, 2001a). The TSES is categorized into three
subsets of four questions each: items 2, 3, 4, and
11 measure efficacies in student engagement; items
5,9, 10, and 12 measure efficacies in instructional
strategies; and items 1, 6, 7, and 8 measure effi-
cacies in classroom management (Tavokal & Den-
nick, 2011). The instrument developer provided
scoring instructions for a total score.

The second instrument was the Preservice Sur-
vey of Teachers” Knowledge of Teaching and Tech-
nology (TPACK survey), which was used to collect
data on technological, pedagogical, and content-
area knowledge integration (Schmidt et al., 2009).
This survey instrument was used to operationally
define and measure the knowledge teachers have
within the TPACK framework from questions in
four subcategories: technological knowledge, tech-
nological pedagogical knowledge, technological
content-area knowledge, and technological peda-
gogical content area knowledge. A total of 24 ques-
tions in four subsets were measured on a Likert
scale from 1-5 (Schmidt et al., 2009). The instru-
ment developer provided scoring instructions for
each subset.
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RELIABILITY AND CONSISTENCY

Cronbach’s alpha was computed to assess
the internal consistency reliability for the five
study variables. An alpha of 0.70 or greater was
used to indicate an acceptable reliability (Torres
et al., 2017). Internal consistency was measured
based on the composite scores for the correlations
between the twelve different items on the TSES
instrument by evaluating Cronbach’s alpha. Also,
internal consistency reliability was measured
based on the composite scores for each of the four
technological subscales on the TPACK survey
by evaluating Cronbach’s alpha. This included
the correlations between the seven items for the
technological knowledge subset, the correla-
tions between the four items for the technological
content-area knowledge subset, the correlations
between the five items for the technological ped-
agogical knowledge subset, and the correlations
between the eight items for the technological ped-
agogical content-area knowledge subset.

Cronbach’s alpha for the TSES scale was 0.93,
with an error variance of 0.07. This demonstrated
good internal consistency and was consistent with
the Cronbach’s alpha reported in the instrument’s
description (a0 = 0.90). The reliability of the tech-
nological content-area knowledge subscale was
0.71, with an error variance of 0.29. This was in
the acceptable range but yielded a lower score than
reported in the instrument description (a0 = 0.86).
The reliability of the technological pedagogical
content-area knowledge subscale was 0.84, with
an error variance of 0.16. This demonstrated good
internal consistency and was consistent with the
Cronbach alpha for the individual scale reported
for the instrument description (a0 = 0.89). The reli-
ability of the technological knowledge subscale
was 0.93, with an error variance of 0.07. This dem-
onstrated good consistency and was higher than the

Table 1.

Cronbach'’s Alpha Statistics of Survey Instruments

Cronbach alpha for the individual scales reported
in the instrument description (oo = 0.86). Finally,
reliability scores for the technological pedagogical
knowledge subscales yielded a Cronbach’s alpha
of 0.82, with an error variance of 0.18. This also
demonstrated good consistency but was lower than
Cronbach alpha for the individual scales reported
in the instrument description (a0 = 0.93). Overall,
the TPACK subscales and TSES yielded acceptable
internal consistency reliability. Table 1 summa-
rizes the Cronbach’s alpha inter-reliability statistics
for this study and the instrument descriptions.

PROCEDURES

This study focused on the relationship between
perceived self-efficacy beliefs and the four techno-
logically embedded TPACK knowledge domains
for NBCTs. The researcher administered the com-
bined TSES/TPACK survey through an online
survey system as a combined instrument. An
electronic survey was sent to the sample by email
using a web-based software program. Participation
was voluntary, and the survey was anonymous.
The Institutional Review Board (IRB) at the insti-
tution where the research was conducted reviewed
and approved all procedures.

A quantitative correlational approach was used
to assess the bivariate correlations between TSES
and TPACK scores for 84 NBCTs in Arizona. The
predictor variable was self-efficacy, which was
measured by the Teacher’s’ Sense of Self-Efficacy
Scale. The criterion variables were the four-inte-
grated technological, pedagogical, and content-
area knowledge competencies (TK, TCK, TPK,
and TPACK), as defined by the TPACK framework
and measured by the Preservice Survey of Teach-
ers’ Knowledge of Teaching and Technology.

Data from the predictor variable, self-effi-
cacy, was measured and collected from the TSES.
The data were collected from a nine-point Likert

Instrument/Subscale Obtained Cronbach’s alpha Typical Cronbach’s alpha Nofitems
TSES overall 0.93 0.90 12
TKsubscale 0.93 0.86 7
TCK subscale 0.7 0.86 4
TPK subscale 0.82 0.93 5

TPACK subscale 0.84 0.89 8
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scale ranging from (1) nothing to (9) a great deal
(Tschannen-Moran & Woolfolk Hoy, 2001a). The
instrument developer provided scoring instruc-
tions. The criterion variable data, TK, TCK,
TPK, and TPACK, were measured and collected
from the TPACK survey. The original items were
based on a five-point Likert scale ranging from (1)
strongly disagree to (5) strongly agree (Schmidt
et al.,, 2009). The instrument developer provided
scoring instructions. The data were converted to a
mean score for each subset in the TPACK survey:
TK, TCK, TPK, and TPACK. Data were converted
to a mean score for the total TSES.

After the data were collected and uploaded,
tests for assumptions were completed. The tests
indicated that not all the assumptions were met for
the planned Pearson’s » analysis. For all variables,
normality and outlier assumptions were violated.
Removing outliers and re-examining the data still
indicated a violation of the normality assumption.
These results suggested performing a non-
parametric analysis rather than using the Pearson’s
r, as planned. The two primary non-parametric
alternatives are Spearman’s p and Kendall’s tf3, and
these were utilized to analyze the data. Still, since

Table 2.

the deviations from normality are relatively small
and Pearson’s r is robust under such conditions,
Pearson’s » was also reported, including post hoc
statistical power results (Bishara & Hittner, 2012).

RESULTS

This study focused on the relationship between
perceived self-efficacy beliefs and the four techno-
logically embedded TPACK knowledge domains for
NBCTs. Therefore, the analysis of data evaluated
the bivariate relationships between self-efficacy and
the four-technology embedded TPACK subscales
using a Pearson Product-Moment correlation.

The bivariate correlation results for RQI showed
a very small correlation and non-significant result
between self-efficacy and technological knowledge
for National Board Certified Teachers. Both the
parametric and non-parametric tests were consistent
with their results (» = 0.136, p > 0.05; r, = 0.197, p >
0.05 and » = 0.106, p > 0.05). The power analysis for
the study was calculated post hoc using the Pearson
r results. The statistical power was determined to be
0.16, which was well below the recommended 0.80
level. Based on these results, the researcher failed to
reject the null hypothesis associated with the RQI
(Table 2).

Results for RQ1
RQ1:TK pvalue Decision Effect size
Kendall's Tau-b 0.136 0.07 Failtoreject H, Very small
Spearman’s Rho 0197 0.07 Failto reject H, Very small
Pearson'sr 0.106 0.34 FailtorejectH, Very small

The bivariate correlation results for RQ2 (Table
3) showed a small to medium statistically signifi-
cant correlation between self-efficacy and techno-
logical pedagogical knowledge for National Board
Certified Teachers. Both the parametric and non-
parametric test results were consistent (+, = 0.212, p
<.05; r,=0.301, p < 0.05 and r = 0.242, p < 0.05).

Table 3.

The power analysis for the study was calculated
post hoc using the Pearson r results. The statisti-
cal power was determined to be 0.61. The lower
power was due to the smaller-than-predicted effect
size. Based on the results, the researcher rejected
the null hypothesis associated with the second
research question.

Results for RQ2
RQ3:TCK pvalue Decision Effect size
Kendall's Tau-b 0.212 0.007 Reject H, Small
Spearman’s Rho 0.301 0.005 RejectH, Medium
Pearson'sr 0.242 0.020 Reject H, Small
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The bivariate correlation results for RQ3 (Table
4) showed a small to medium statistically signifi-
cant correlation between self-efficacy and techno-
logical content-area knowledge for National Board
Certified Teachers. Both the parametric and non-
parametric test results were consistent (= 0.251, p
<0.05; 7, = 0.332, p < 0.05 and = 0.268, p < 0.05).

Table 4.

The power analysis for the study was calculated
post hoc using the Pearson r results. The statisti-
cal power was determined to be 0.70. The lower
power was due to the smaller-than-predicted effect
size. Based on the results, the researcher rejected
the null hypothesis associated with RQ3.

Results for RQ3
RQ3:TCK pvalue Decision Effect size
Kendall's Tau-b 0.251 0.001 Reject H, Small
Spearman’s Rho 0.332 0.002 Reject H, Medium
Pearson'sr 0.268 0.010 Reject H, Small

The bivariate correlation results for RQ4 (Table
5) showed a small to medium statistically signifi-
cant correlation between self-efficacy and tech-
nological pedagogical content-area knowledge for
National Board Certified Teachers. Both the para-
metric and non-parametric test results were con-
sistent (r,= 0.247, p < 0.05; r, = 0.356, p < 0.05 and

r = 0.265, p < 0.05). The power analysis for the
study was calculated post hoc using the Pearson
r results. The statistical power was determined to
be 0.69. The lower power was due to the smaller-
than-predicted effect size. Based on the results, the
researcher rejects the null hypothesis associated
with RQ4.

Table 5.

Results for RQ4
RQ4: TPACK r pvalue Decision Effect size
Kendall's Tau-b 0.247 0.001 Reject H, Small
Spearman’s Rho 0.356 0.002 Reject H, Medium
Pearson'sr 0.265 0.002 Reject H, Small
DISCUSSION potential practical applications could guide school

This study was developed to bring advance-
ment to the body of knowledge on self-efficacy,
TPACK, and transformative learning theory. The
significance of this study provided empirical data
to school districts, universities, professional devel-
opment administrations, and the National Board
for Professional Teaching Standards organization.
These organizations train and/or employ National
Board Certified Teachers. Prior to this study,
researchers focused on non-NBCTs and pre-ser-
vice teachers. This study contributed by provid-
ing insight into transformative learning theory
and demonstrating the knowledge NBCTs have in
developing through transformative learning. The
study also demonstrated that NBCTs have high
self-efficacy and that these efficacious beliefs cor-
relate to integrated technological knowledge. The

districts, professional development trainers, and
curriculum writers to understand the beliefs and
knowledge that NBCTs have. This could lead to
decisions about training modules and teacher lead-
ership roles for NBCTs.

To become NBCTs, teachers must think sys-
tematically about their practice and learn from
their experience by demonstrating the importance
of developing authentic lessons that integrate
technology, pedagogy, and content-area knowl-
edge (National Board for Professional Teach-
ing Standards, 2015). This study provides school
administrators, universities, the Arizona K-12
center, and the National Board for Professional
Teaching Standards with an evaluation of the
beliefs and knowledge NBCTs have about self-
efficacy and the four technologically embedded
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TPACK competencies. The research questions for
this study were designed to address this problem.

As the national certification is standardized
and can be generalized to describe all NBCTs, this
study is applicable beyond the local setting. There-
fore, this study brings about essential informa-
tion regarding NBCT knowledge. This study also
produced valuable new information to the body
of knowledge on developing teacher curriculums,
planning professional development opportunities,
and refining or redesigning the National Board of
Professional Teaching Standards. The investiga-
tion of the relationship between NBCTs’ beliefs
through self-efficacy and their knowledge of the
integrated technological domains of the TPACK 1is
also important for school administrators to under-
stand the specific knowledge NBCTs bring to their
schools and districts.

LIMITATIONS OF STUDY

In examining this study, some limitations in
the sample, methodology, and results are notable.
A limitation in this study arose from the design.
Correlational studies do not establish causation
(Becker et al., 2016), and as a consequence, there
was no way to apply the results to show a cause-
and-effect relationship between the variables.

Another limitation was that the data was col-
lected from a non-random sample of voluntary par-
ticipants. A limitation of using volunteers was that
volunteers might be more interested in the topic
than the overall target population (McPeake et al.,
2014). The consequence of this was that it might
lead to difficulty in applying the findings to the
general population.

Moreover, the study relied on self-report, which
is a limitation as bias could manifest if the respon-
dent strives for consistency or presents themselves
more favorably due to current cultural norms
(Dodd-McCue, 2010). The results could affect the
generalizability because of skewed data.

The scope of this study was limited to National
Board Certified Teachers in Arizona. Survey
responses were based on the perceptions of Ari-
zona teachers who were National Board Certified.
The consequence of sampling one geographic loca-
tion is that it might not be generalizable to other
diverse areas (Neville et al., 2014) and could be
seen as a limitation.

Also, due to the nature of the study and sampling

strategy, the results of the study were not general-
ized to teachers outside of National Board Certi-
fied Teachers in the United States. The rationale
to use NBCTs was justified through the gap, as
the population was underrepresented in the litera-
ture. However, the consequence of this is that this
study would not apply to teachers who do not hold
National Board Certification, and this may not be
generalizable to the entire teacher population.

Finally, limitations were revealed in the data
analysis, specifically in the Pearson correlation
assumptions tests. All variables were not normally
distributed, and outliers were evident in all cases.
There were limitations with removing the outliers,
which could skew the data, affect the kurtosis, or
affect the mean of the data (Pollet & van der Meij,
2017). However, the decision was made to elimi-
nate the outliers to meet the normality assumptions
of the Pearson r and to enhance the accuracy of the
analysis (Osborne & Overbay, 2004). Even after
outliers were removed, some of the data still could
not be considered normally distributed. Therefore,
non-parametric tests were used to analyze the data,
which resulted in less power.

SUGGESTIONS FOR FURTHER RESEARCH

It is recommended that future research inves-
tigate the relationship between the two concepts
using a qualitative design. Qualitative designs con-
tribute to findings related to human behavior and
experience and can generate new ideas to provide
information for professional development interven-
tions (Atieno, 2009). A qualitative design would
also be helpful to understand how the National
Board Certification process influences self-effi-
cacy and TPACK knowledge.

It is also recommended to incorporate self-
efficacy and TPACK with demographic variables,
such as time spent as a certified NBCT, age, gen-
der, and time spent as a teacher. Research sug-
gests that mid-career teachers are more intentional
about teaching and eager to learn new pedagogi-
cal strategies (Masuda et al., 2012). Also, teachers
with higher scores in self-efficacy and technology
usage are typically 31-35 years old (Dogru & Gen-
cosman, 2015). Furthermore, findings on gender
and TPACK have varied results, and females out-
number males in the teaching profession (Liu et
al., 2015; Minshew & Anderson, 2015). Therefore,
a recommended multiple regression procedure
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would allow researchers to predict or explain these
multiple variables.

Another recommendation for research is to
compare the results of non-NBCTs and NBCTs. By
comparing both populations through the self-effi-
cacy and TPACK variables, the researcher could
evaluate the differences and similarities in beliefs
and knowledge. This would give the researcher
insight into the effectiveness of the National Board
of Professional Teaching Standards professional
development program within the framework of this
study’s variables.

Furthermore, researchers could replicate the
study to include NBCTs in other states to see if
the results are generalizable across multiple NBCT
populations.

CONCLUSIONS

This study was developed to bring advance-
ment to the body of knowledge on self-efficacy,
TPACK, and transformative learning theory for
NBCTs. The significance of this study is that it
provides empirical data to school districts, univer-
sities, professional development professionals, and
the National Board for Professional Teaching Stan-
dards organization. These organizations train and/
or employ National Board Certified Teachers. Prior
to this study, research focused on non-NBCTs and
pre-service teachers. This study contributes by
providing insight into transformative learning the-
ory and demonstrates the knowledge NBCTs have
in developing self-efficacy and TPACK through
transformative learning. The study demonstrated
that NBCTs have high self-efficacy and that these
efficacious beliefs correlate to integrated techno-
logical knowledge. The potential practical appli-
cations could guide school districts, professional
development trainers, and curriculum writers to
distinguish the beliefs and knowledge that NBCTs
have. This could lead to decisions about training
modules and teacher leadership roles for NBCTs.
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