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Abstract

The validity and reliability of the Technological Pedagogical Content Knowl-
edge (TPACK) framework to measure the extent to which teachers can teach
with technology, hinges on the ability to aggregate results across empirical
studies. We synthesized mean difference effect sizes resulting from university
classroom studies, which used a survey of preservice teacher knowledge of
teaching with technology (TKTT) using confidence intervals (CIs). We then
characterized the mean effect sizes for the influence of classroom instruction
on preservice teacher TPACK by graphing CIs across studies from 2009 until
2011. The results present approximations of TPACK population parameters
as well as implications for researchers and teacher educators. (Keywords:
TPACK, preservice teachers, confidence intervals, literature review)

tives, it is imperative that all teachers receive effective instruction on

the affordances and constraints of digital technology integration in
the classroom. Most classroom teachers, however, lack effective technol-
ogy integration preparation (Bracewell, Sicilia, Park, & Tung, 2007; Ertmer,
2005). Teacher preparation programs must guide preservice teachers to
develop strategies, abilities, and a presence of mind that transcends mod-
ern classrooms (Niess, 2008). Analyzing the effects of university classroom
instruction on preservice teacher technological, pedagogical and content
knowledge (TPACK) is worth considering in the redesign of preservice
teacher preparation programs. The aggregation of research results adds to
the construct validity and empirical relevance of TPACK, which strengthens
the framework. Further, research that enhances the strength of the TPACK
framework could provide theoretical guidance to teacher education pro-
grams that inform general and content-specific technology integration prax-
is (Graham, 2011). Summarizing the effectiveness of university instruction
on preservice teacher TPACK would provide empirical evidence to support

To provide adequate service to the growing populations of digital na-
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or refute current teacher-preparation technology integration instructional
practices.

The TPACK framework provides a model for the integration of technol-
ogy into classroom instruction, based on the idea that proper technology
integration should account for the nuances present across content areas,
pedagogical practices, and different technologies. Although TPACK is a new
ideology, the integration of technology into teachers’ pedagogy and content
has been addressed in prior research. Multiple scholars have described the
relationships among technology, content, and pedagogy (Keating & Evans,
2001; Niess, 2005; Pierson, 1999, 2001; Zhoa, 2003). Aside from TPACK,
other terms such as information and communication technology (ICT; e.g.,
Angeli & Valanides, 2005), technological content knowledge (Slough & Con-
nell, 2006), and electronic PCK or e-PCK (e.g., Franklin, 2004; Irving, 2006)
also refer to the inclusion of technology in pedagogy and content.

The TPACK framework was conceptualized by Mishra and Koehler as a
progression of the pedagogical content knowledge (PCK) framework initi-
ated by Lee Shulman in 1986. Shulman described PCK as a teacher’s ability
to transform subject-matter knowledge into accessible forms that all learn-
ers could master. Shulman’s PCK goes beyond knowledge of the subject
matter, per se, to the dimension of subject matter knowledge for teaching,
specifically (Shulman, 1986). Similarly, TPACK is more than a teacher’s
personal use of technologys; it is the effective use of technology, as a peda-
gogical tool, within a teaching strategy. Mishra and Koehler (2006) affirmed
that “TPACK is more than just an awareness of technology, pedagogy, and
content, it is an awareness of the connections, interactions, affordances and
constraints” (p. 1025).

A teacher’s TPACK is identified as a composite of seven knowledge do-
mains, as described by Mishra and Koehler (2006):

o+ Pedagogical knowledge (PK): knowledge of the nature of teaching and
learning (e.g., teaching methods, classroom management, instructional
planning, and assessment of student learning)

+ Content knowledge (CK): knowledge of the subject matter to be taught
(e.g., earth science, mathematics, or language arts)

o Technological knowledge (TK): knowledge of the continually changing
and evolving technologies used for information processing, communica-
tions, and problem solving, focusing on the productive applications of
technology in both work and daily life

o+ Pedagogical content knowledge (PCK): knowledge of the pedagogies,
teaching practices, and planning processes that are applicable and appro-
priate to teaching a given subject matter

o Technological content knowledge (TCK): knowledge of the relationship
between subject matter and technology, including knowledge of technol-
ogy that has influenced or been used to explore a given content discipline
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Figure 1. The technological pedagogical content knowledge framework. Adapted from “Technological pedagogical content
knowledge: A framework for teacher knowledge,” by Mishra and Koehler, 2006, Teachers College Record, p. 1025.

Technological pedagogical knowledge (TPK): knowledge of the influence
of technology on teaching and learning, as well as the affordances and
constraints of technology with regard to pedagogical designs and
strategies

Technological pedagogical content knowledge (TPCK): knowledge of the
complex interactions among the principle knowledge domains (content,
pedagogy, and technology)

As the knowledge domains suggest, the teacher must not only know a
content-specific technological tool but also understand how that tool could
be properly used in lessons, how to operate the tool, how to troubleshoot
the tool, and how to modify the tool to fit the intended purpose. Thus, the
TPACK framework provides a model for the integration of technology into
classroom instruction, grounded on the idea that proper technology integra-
tion should account for the nuances present across various content areas,
pedagogical practices, and technologies.
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Measuring the Effectiveness of Instruction on Preservice Teacher TPACK
The TPACK instructional framework is, by design, fluid rather than rigid.
Thus, both naturally and appropriately, there are many variations in the
measurement instrumentations used to examine the nuances of the TPACK
framework. Three major categories constitute the available TPACK preser-
vice teacher instruments: observation, performance assessments, and self-
reported surveys (Graham, Burgoyne, & Borup, 2010; Harris, Grandgenett,
& Hofer, 2010; Sahin, Akturk, & Schmidt, 2009; Schmidt, Sahin, Thompson,
& Seymour, 2008). Preservice teacher TPACK is also assessed through in-
terviews and open-ended questionnaires, but the focus of this discussion is
formal instrumentation that is established in the literature.

Observation Instruments

Observational measurement is an emerging trend in TPACK research. De-
spite its infancy, observational assessments of TPACK are promising given
the authentic nature of classroom technology integration activities under
investigation. To this end, researchers are developing and evaluating several
observational instruments. In a survey of TPACK measurement instruments
across studies from 2006 to 2010, Koehler, Shin, and Mira (2012) found that
observational measurement was used in 34% of the 63 preservice teacher
studies (p. 21). Based on the development and evaluation of several observa-
tional instruments and protocols the implementation of observational mea-
sures continues to grow. This growth is evident in trends towards including
observational measures in more recent assessments of teacher TPACK
(Agyei & Keengwe, 2012; Jang & Chen, 2010; Niess, 2011). As the theoretical
and methodological development of TPACK continues to proliferate better
observation instruments and procedures will materialize.

Performance Assessment Instruments

Performance assessments allow researchers to examine participant perfor-
mance on authentic task. These assessments also allow researchers to evalu-
ate artifacts to measure particular constructs. Lesson plans are an essential
instructional artifact from teacher education programs as well as, a funda-
mental pedagogical element of most teacher education programs. Aptly,
designing effective and engaging lesson plans is a fundamental element of
successful teaching (Butt, 2006).

Harris, Grandgenett, and Hofer (2010) developed and validated an instru-
ment to evaluate elements of TPACK present in teacher lesson plans. The
Technology Integration Assessment Rubric (TIAR) was developed through
the adaptation of the Technology Integration Assessment Instrument (TIAI).
The TIAI was designed to assess general technology integration in lesson
plans across seven constructs: planning for technology use, content stan-
dards, technology standards, differentiation, use of technology for learn-
ing, use of technology for teaching, and assessment (Britten & Cassady,
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2005). Harris, Grandgenett and Hofer (2010) aligned the TIAI instrument
to the TPK, TCK, and TPACK constructs. Since the initial development

of the TIAR, several researchers have adapted and transformed the instru-
ment to meet study specific assessment needs (Agyei & Voogt, 2011; Hofer,
Gandgenett, Harris, & Swan, 2011). The TIAR is one of several lesson plan
evaluation rubrics. Although other rubrics are under development (Ker-
eluik, Casperson, & Akcaoglu, 2010), the TIAR is currently the most cited
and utilized TPACK lesson plan rubric. Performance assessments of TPACK
continue to evolve, but survey instruments represent the most diverse and
robust instruments in the TPACK literature.

Survey Instruments

Several diverse survey instruments are currently available to measure
teacher TPACK (Archambault, & Crippen, 2009; Jamieson-Proctor, Finger,
Albion, 2010; Mishra & Koehler, 2005; Schmidt, Baran, Thompson, Koehler,
Sahin & Erdogan, 2010; Shin, & Mishra, 2009). Despite the vast array of
available survey instruments to measure TPACK, some of the aforemen-
tioned instruments were designed for use with inservice teachers. Four
distinct survey instruments represent the most well researched and docu-
mented preservice teacher TPACK survey instruments (Jamieson-Proctor,
Finger, & Albion, 2010; Mishra & Koehler, 2005; Sahin & Erdogan, 2010;
Schmidt et al., 2009).

Jamieson-Proctor, Finger, Albion (2010) administered the TPACK
Confidence survey to senior preservice teachers in association with an ICT
course. The survey consisted of 25 items, and was aligned to specific course
learning objectives. Mishra and Koehler (2005) designed their survey for
administration in a specific faculty development course to measure partici-
pant attitudes, opinions, and learning. Because the focus of the course was
learning by the design, faculty as well as graduate students participated in
the course and survey. Accordingly, the questions in the survey were writ-
ten specifically for this context. For example, one item read, “Our group
has been considering how course pedagogy and technology influence one
another” (Mishra & Koehler, 2005). The Sahin and Erdogan (2010) survey
was administered to college students to address their acquaintance with
different applications of TPACK. The TPACK Confidence survey addressed
specific elements of TPACK as the related to Information Communication
Technology (ICT). The nature of TPACK promotes the need to develop
context specific instruments that parallel the theoretical foundations of the
theory. This feature of TPACK survey instruments limits their utility in
areas outside the initial context for which the instruments were designed
with significant adaptations.

The Schmidt et al. (2009) survey was designed to measure preservice
early childhood education (ECE) teachers TPACK. Thus, the items address
mathematics, science, literacy and social studies content, which is commonly
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taught in ECE. The survey of preservice teachers’ knowledge of teaching and
technology (TKTT) is employed more often in research studies given the
prevalence of early childhood education programs. Because the population
of interest for this survey is relatively similar in demographics many re-
searchers take advantage of the convenience of the TKTT survey. The TKTT
is an ideal instrument for summarizing the effects of university instruction
on preservice teacher TPACK given the strong validity and reliability across
multiple administrations coupled with model ECE design features. The
design of each of these surveys although very specific, is consistent with the
nature of the TPACK framework.

The specific nature of the available TPACK instruments may limit the
broader applications to different context (Abbitt, 2011), but a universal
survey instrument is not available, neither is it reflective of the TPACK
framework. Although several instruments currently exist to measure teacher
TPACK, studies summarizing the current preservice teacher TPACK knowl-
edge base are elusive. Measurement is further complicated by the differ-
ences present in the philosophies and practices used in preservice teacher
education programs. The lack of research synthesis is partly attributed to the
context specific nature of the TPACK framework that limits the numbers of
studies that can reasonably be compared.

Despite these limitations the need for a valid and reliable measure of
teacher TPACK is imperative (Mishra & Koehler, 2006; Schmidt et al., 2009).
The survey developed by Schmidt et al. (2009) is the most universally used
survey, and encompasses most of the aspects of TPACK associated with
preservice teacher education. Further the survey of preservice teachers’
knowledge of teaching and technology was utilized or adapted in numerous
studies to assess TPACK from 2009 to the present (Abitt, 2011; Michelle,
2013; Wang, Crawford, Niederhauser, 2013; Voogt et al., 2011). This survey
is not perfect, but very appropriate for the description of preservice teacher
TPACK given its support in the literature. In addition, the instrument is
robust, with strong and consistently reliability across a multitude of diverse
administrations.

Problem Formation
Although many scholars posit that the TPACK framework is a viable
model for the development and evaluation of teaching with technol-
ogy (Archambault & Crippen, 2009; Doering, Scharber, & Miller, 2009;
Harris, Mishra, & Koehler, 2009), many incongruities exist between the
theoretical and empirical strengths of the model. Theoretical criticisms of
the TPACK framework focus on its multiple divergent conceptualizations
and definitions and its unclear demarcation of the boundaries between
constructs (Angeli & Valanides, 2009; Archambault & Crippen, 2009;
Cox, 2008; Cox & Graham, 2009; Jimoyiannis, 2010). The TPACK empiri-
cal considerations focus on three issues: the validity and reliability of the
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current measurement instruments, the context-specific nature of TPACK
instruments, and the abundance of non-triangulated self-reported data
(Abbit, 2011; Archambault & Barnett, 2010; Lawless & Pellegrino, 2007).
These theoretical and empirical considerations are akin to conclusions
drawn from meta-analytic thinking and research. However, because the
TPACK framework is in its infancy, compared to established theoreti-
cal frameworks, sufficient numbers of related quantitative studies remain
elusive. Due to the current lack of relevant TPACK data, inference from
meta-analytic statistical methodologies is not feasible. Meanwhile, con-
fidence intervals (CIs) can serve as a meta-analytic lens for summarizing
quantitative TPACK data.

Confidence Intervals as a Meta-Analytic Lens
to Summarize Quantitative Data

Confidence intervals (Cls) provide a meta-analytic lens to summarize
quantitative data from multiple samples. Moreover, Cls foster meta-analytic
thinking by affording researchers the opportunity to examine plausible
values across samples, by facilitating the identification of substantive overlap
between the ranges of plausible values for parameters from multiple stud-
ies (Zientek, Ozel, Ozel, & Allen, 2012, p. 283). The utilization of CIs as
an inferential research synthesis tool is relative new. However, researchers
are beginning to realize the analytical potential inherent in this research
methodology. In Characterizing the Mathematics Anxiety Literature Using
Confidence Intervals as a Literature Review Mechanism, Zientek, Yetkiner,
and Thompson characterized the effect sizes of 45 studies by graphing
confidence intervals. Using descriptive statistical data from each of the stud-
ies, the researchers computed the 95% confidence intervals for each study
and graphically displayed the data using the Microsoft Excel Stock Option
(Zientek, Yetkiner, & Thompson, 2010). Then, based on the interpretation
principles posited by Cumming and Finch (2005), the researchers drew
conclusions from the graphical representations of the data. This study was
not a meta-analysis, but rather represents an example of the meta-analytic
thinking that is realized through the use of CI as inferential research synthe-
sis tools.

According to Moore and McCabe (2003), “a level C confidence interval
for a parameter is an interval computed from sample data by a method that
has probability C of producing an interval containing the true value of the
parameter” (p. 420) Appropriately, a 95% CI has a 95% likelihood of con-
taining the true population parameter. Cls allow researchers to approximate
population characteristics, such as mean achievement of a standardized test
by comparing multiple sample estimates across individual studies. Thus, a
Cl is an inferential rather than descriptive tool, because the CI estimates the
true value of the parameter in the population (Finch & Cumming, 2009).
Cumming and Finch (2001) suggest four reasons to use Cls:
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o ClIs provide point and interval information that is accessible and compre-
hensible, which supports substantive understanding and interpretation.

o There is a direct link between CIs and NHST.

« CIs support meta-analytic thinking focused on estimation.

+ CIs communicate information about a study’s precision.

Confidence intervals are generally calculated and interpreted for point
estimates, such as means, but effect-size point estimates are also feasible and
meaningful. According to Thompson (2002), CIs for effect sizes are excep-
tionally valuable because they facilitate both meta-analytic thinking and the
elucidation of intervals, via comparisons with the effect intervals reported in
related prior studies (p. 25).

Statistical significance is measured in terms of p values, but the practi-
cal or clinical significance of a study is measured in terms of effect sizes.
Effect sizes are typically interpreted two ways. The first interpretation is
magnitude or size of the result (Callahan & Reio, 2006). This interpretation
examines the extent to which objects in a study differ from the null hypoth-
esis (Thompson, Diamond, McWilliam, Snyder, & Snyder, 2005, p. 185). The
second interpretation suggest that effect sizes represent the strength of as-
sociation between the independent and dependent variables. Although effect
sizes are typically interpreted in only one of two distinct categories, more
than 40 effect sizes are recognized in the literature (Kirk, 1996). However,
the following six are commonly used and interpreted in social science re-
search: Cohen’s d, Pearson r, R #?, w? and Cramer’s V (Zientek, Ozel, Ozel,
& Allen, 2012).

CIs provide valuable parameter-estimation capabilities, which are es-
sential for the empirical validation and refinement of the TPACK conceptual
framework. Many studies have sought to synthesize the preservice teacher
TPACK literature through a qualitative lens. Studies that employ a meta-
analytic lens to examine the effects of university classroom instruction on
TPACK, however, remain elusive.

Purpose
The goals of this study are to summarize the current literature on the effects
of university classroom instruction on preservice teacher TPACK in order to
provide implications for researchers, teacher educators, and administrators.
Further, this study provides an illustration of the use of confidence intervals
as a research synthesis mechanism. This study aggregates the research on
preservice teacher TPACK that has utilized the Survey of Preservice Teach-
ers’ Knowledge of Teaching and Technology (TKTT). The TKTT, a survey
instrument designed specifically to measure preservice teacher TPACK, has
an internal reliability that ranges from .80 to .92 (Schmidt et al., 2009). The
individual reliability levels for content knowledge, pedagogy knowledge, ped-
agogical content knowledge, technological content knowledge, technological
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pedagogical knowledge, and technological pedagogical content knowledge
are .85, .84, .85, .86, .80, and .92, respectively (Schmidt et al.). The survey is
scored on a 5-point Likert scale, where a score of 1 is assigned to strongly
disagree and a score of 5 is assigned to strongly agree. The scores within
each construct are then averaged, and the average constitutes the score for
that construct. Although the TKTT is only one of many surveys available
to measure teacher TPACK, it is the most suitable for this study because
of its broad applications across preservice teaching and its relative consis-
tency. This study seeks to estimate the effectiveness of university classroom
instruction on preservice teacher PCK, TPK, TCK, and TPACK.

The results of the study will provide parameter estimates for the TPACK
constructs, measures of study precision, and implications for multiple
stakeholders.

Method

Search Strategies

To locate studies that measured TPACK using the TKTT survey, we applied
a five-step process. As Mishra and Koehler (2006) are generally recognized
as the developers of the TPACK framework, the literature search began at
the “TPACK bibliography” section of the TPACK.org website currently
maintained by Mishra. This process yielded 294 papers pertaining to
TPACK. Of these, 57 used a survey instrument to measure TPACK. Next, we
searched four databases from 2009 until 2011 using the keywords TPACK,
TPCK, technological pedagogical content knowledge, and preservice teachers.
We selected an initial year of 2009, even though TPACK was first proposed
by Pierson in 2001 because the TKTT was not available until 2009. In ad-
dition, we searched the electronic databases EBSCO, ERIC, and ProQuest
Dissertations and Theses using the search terms TPACK, TPCK, and tech-
nological pedagogical content knowledge. The combined EBSCO and ERIC
search produced 58 scholarly (peer-reviewed) journal articles published
between 2009 and 2012. Similarly, the ProQuest Dissertations and Theses
search produced 25 published dissertations. Of these 83 journal articles and
dissertations, 16 unique journal articles and 6 unique dissertations used a
survey method to measure the TPACK of preservice teachers. The overlap
between the articles located in the TPACK bibliography and the other search
processes accounts for the significant reduction in the number of studies.
Lastly, we selected other articles were selected from the references cited
within the retrieved studies.

Inclusion and Exclusion Criteria

These procedures yielded 22 appropriate articles, conference presentations,
theses, and dissertations. We then read the Methodology and Results
sections to establish the studies’ pertinence. We considered a work pertinent

Volume 46 Number 2 | Journal of Research on Technology in Education | 157
Copyright © 2013, ISTE (International Society for Technology in Education), 800.336.5191
(U.S. & Canada) or 541.302.3777 (Int'), iste@iste.org, iste.org. All rights reserved.



Young, Young, & Hamilton

Table 1. Study Presentation Order in Figures and Results

Study Organization
Study PCK TPK TCK TPACK
Abitt (2011) 1 1 1 1
Baran, Chuang, & Thompson, (2011) 2 2 2 2
Chai, Koh, & Tsai (2010) 3
Chai, Koh, Tsai, Wee, & Tan (2011) 3 4
An, Wilder, & Lim (2011) 3 4 3 5
Koh, & Divaharan, (2011) 6
Nordin, Morrow, & Davis (2011) 4 5 4 7
Schmidt, D. et al. (2009) 5 6 5 8

Note: Numbers represent the order/assignment of each study in the results and figures. Thus, data from Abitt
(2011) represents study 1 data in the subsequent discussions.

if (a) the study used the TKTT survey to measure TPACK, (b) the study
was conducted in a college or university setting with preservice teach-

ers, (c) the article provided sufficient population details to categorize the
sample accordingly, and (d) the article provided statistical data (such as the
mean, standard deviation, and sample size) or the data could be obtained
reasonably. After we reviewed each article, the initial pool of 22 articles was
reduced to 8 studies that met all the criteria for this study (Abitt, 2011; An,
Wilder, & Lim, 2011; Baran, Chuang, & Thompson, 2011; Chai, Koh, &
Tsai, 2010; Chai, Koh, Tsai, & Wee Tan, 2011; An, Wilder, & Lim, 2011; Koh,
& Divaharan, 2011; Schmidt et al., 2009). Table 1 lists the study presentation
order for the results and figures included in the study.

Statistical Methods and Procedures
To compare the various Cls across the eight studies, we chose the conven-
tional 95% confidence level because it was the most common. Fortunately,
all of the selected studies provided the information pertinent to their CI
calculations; thus, no other information was needed. Traditionally, the Stock
option in Microsoft Excel is used to create the graphical displays of the CIs
for means. Because this study utilizes Cls for mean differences, however, we
analyzed the data in Exploratory Software for Confidence Intervals (ESCI).
Statistics, Cls for statistics, and effects sizes are generally easy to obtain
with the correct formulas, but the CIs of effect sizes must be estimated
through computer-intensive iteration procedures (Thompson, 2007). Statis-
tical packages and other applications can be utilized to perform the appro-
priate procedures (Algina, Keselman, & Penfield, 2005; Cumming & Finch,
2001; Smithson, 2001). We collected the original pretest and posttest means,
standard deviations, sample sizes, and p values for each construct from the
original studies. We entered this information in ESCI, which then generated
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the CI data. We selected ESCI because it runs within Excel, produces esti-
mates based on various inputs, and generates a visually appealing graph that
facilitates interpretation and comprehension. Because some studies focused
on particular TPACK constructs and excluded others, there are some varia-
tions between the numbers of studies presented in each CI.

We compared the point and interval estimates for the individual mean ef-
fect sizes for each study to the other studies for each of the four TPACK con-
structs. The purpose of this comparison was threefold. First, it assesses the
precision of the point and interval estimates, in comparison to other studies.
Second, it assesses the reasonableness of the mean effect-size point estimates
across studies. Both of these assessments are performed by visual inspection
and are, to a certain degree, subjective, but they are guided by sound theory.
Third, this method allows a visual characterization of the strength of the
relationship between university instruction and preservice teacher TPACK.

The precision of the point estimate depends on the margin of error. Ac-
cording to Cumming and Finch (2005), the CI is a range that centers on M
and extends for a distance w (width) on either side of M, where w is called
the margin of error (p. 170). Therefore, CIs with smaller margins of error
are more precise. The margin of error is based on the standard error and is
a function of the SD and #, as seen in the formula for standard error: SE =
SD/Vn (Cumming & Finch). CIs that have narrow widths are more precise
and tend to use large sample sizes or smaller SDs. This logic holds true for
the studies presented in this analysis. Because the sample sizes in some
of the studies were relatively small, comparing the point and interval esti-
mates across all the studies will help ascertain the relative precision of the
estimates.

Results
The median year of publication was 2011, with six studies published in 2011,
one study published in 2010, and one study published in 2009. The major-
ity of the participants were early childhood education students (cited in six
studies); the remainder of the participants were secondary education stu-
dents. The practical and statistical significance statistics for each construct
are included in Tables 2 through 5 (pp. 160-161).

Table 2 presents the practical and statistical significances for student
PCK. We calculated he pooled mean difference (for all five studies), which
measures preservice teacher PCK, in Microsoft Excel by weighting each
effect-size measure by its corresponding sample size. We achieved this by
calculating the sum of the product of each effect size and its corresponding
sample size, using that product as the dividend, and then dividing by the
sum of all the sample sizes. The resulting pooled mean difference effect size
was 0.33. The data in Table 2 suggest that the effect sizes for PCK measured
in the included studies ranged from 0.24 to 1.43. All of the studies included
in Table 1 had statistically significant results at the 0.05 level of statistical
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Table 2. Practical and Statistical Significance Statistics for Student PCK

Results
Study d N p calc Cl for d
1 0.24 180 0.000* 0.12t0 0.36
2 0.71 45 0.000* 0.48t0 0.94
3 0.17 112 0.002 0.07 t0 0.27
4 0.29 87 0.002 0.11t0 0.47
5 1.43 18 0.012 0.35t0 2.51

Note. Pooled d = 0.33; n = 442.

Table 3. Practical and Statistical Significance Statistics for Student TPK

Results
Study d N p calc Cl for d
1 0.38 180 0.000* 0.28t0 0.48
2 0.26 45 .064 -0.016 to 0.54
3 0.01 343 .826 -0.08 t0 0.10
4 0.18 112 0.024 0.02t0 0.34
5 0.34 87 0.000* 0.20t0 0.48
6 1.43 18 0.003 0.56 t0 2.30

Note: Pooled d = 0.20; n = 785.

significance. Some p values were extremely small, which is indicated by an
asterisk following the thousandth place in the table.

Table 3 presents the practical and statistical significance statistics for stu-
dent TPK. The data in Table 3 have a slightly lower pooled mean difference
effect size of 0.20. The data ranged from 0.38 to 1.43. In addition, Studies
2 and 3 did not yield statistically significant differences at the 0.05 level of
statistical significance.

Table 4 presents the practical and statistical significance statistics for
TCK. The TCK construct has the largest pooled mean difference of all the
constructs examined in this study. Thus, the effect of university classroom
instruction was largest for this construct, as seen in the mean difference of
0.70.

The overarching TPACK framework was the most widely examined
construct, and the results of the pooled effect size estimate were based on a
sample of 1150 preservice teachers. The pooled mean difference for TPACK
represents a moderate effect size measure of 0.44. This conclusion is based
on the effect size magnitude benchmarks suggested by Cohen (1992), by
which an effect size of 0.20 is categorized as small, .50 as medium, and .80 as
large.

The results of this study are presented in Figures 2 through 5 (p. 162-
163). Figure 2 shows the mean difference effect sizes for pedagogical content
knowledge (PCK). A subjective examination of the mean difference CIs,
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Table 4. Practical and Statistical Significance Statistics for Student TCK

Results
Study d N p calc Cl for d
1 0.88 180 0.000* 0.75t0 1.01
2 0.87 45 0.000* 0.57 to 1.20
3 0.2 112 0.005 0.06 to 0.34
4 0.88 87 0.000* 0.69 to 1.07
5 0.64 18 0.129 -0.21t0 1.49

Note: Pooled d = 0.70; n = 442.

Table 5. Practical and Statistical Significance Statistics for Student TPACK

Results

Study d N p calc Cl for d

1 0.6 180 0.000* 0.471t00.73

2 0.59 45 0.000* 0.28 to 0.90

3 0.45 365 0.000* 0.33t0 0.57

4 0.35 343 0.000* 0.26 t0 0.44

5 0.29 112 0.000* 0.16 t0 0.42

6 0.51 87 0.000* 0.35t0 0.67

7 0.57 18 0.197 -0.33t0 1.47

Note: Pooled d = 0.44; n = 1150.

presented in Figure 2, suggests that the mean difference PCK effect sizes
range between approximately 0.15 and 0.49. The widths of the confidence
bands are reasonable measures of the precision of the point estimates. Stud-
ies 2 and 5 provide considerably less precise estimates of the mean difference
effect-size point estimates than the other studies examined. The wide widths
of these CIs indicate either small sample sizes or large standard deviations in
student effect size scores.

Figure 3 presents the mean difference effect size CIs for technological
pedagogical knowledge (TPK). The magnitude of association between pre-
service teacher TPK and university instruction is not as consistent for this
construct, as seen in the decreased overlap between the confidence bands in
Figure 3. The best estimate of the population mean difference effect size is
between 0.1 and 0.4. Study 6 is the only one in this subset that falls outside
of the cutof for this construct. Its mean difference effect size CI does not
overlap with any of the other studies in the figure. Further, given the small
sample size of 18, the width of the confidence band is much larger than in
the other studies.

The results for the TCK domain effectiveness are depicted in Figure 4,
which presents the 95% ClIs for the mean difference effect sizes for the TCK
domain. The population’s mean difference effect size for teacher education
programs’ influence on TCK falls between approximately 0.6 and 0.9. One
study in this analysis falls outside the cutoff, indicating that the results are
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Figure 3. The mean difference effect size (95% Cl) for preservice teacher TPK.

relatively consistent across studies, as demonstrated by the overlap of the
confidence bands presented in Figure 4. The widths of the confidence bands,
however, suggest some questions concerning the precision of the measure-

ments for the TCK domain.

Technological pedagogical content knowledge (TPACK) was the final
domain assessed in this analysis. The data in Figure 5 show that the
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Figure 5. The 95% Cls for mean difference effect sizes for the TPACK domain.

population’s mean difference effect size for TPACK is between 0.4 and 0.6.
The TPACK effect sizes are considerably more consistent, given the larger
overlap of the different confidence bands. Measurement precision varies
among the different studies. Studies 2 and 7 have the widest bands, which
signify less precision in the measurement of the mean difference effect-size
point estimate.
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Summary of Results

The results of this study indicate that preservice teacher education influ-
ences all domains of teacher TPACK. We interpreted the effect sizes in this
study as the relationship between university instruction and preservice
teacher TPACK. The relationships between teacher education and each do-
main of TPACK (PCK, TPK, TCK, and TPACK), however, vary in strength
and consistency. For evaluative purposes we implemented the Cohen (1988)
benchmarks to provide a context for the magnitude of the influence of
university instruction on preservice teacher TPACK. Cohen (1988) suggests
that 0.20, 0.50, and 0.80 represent a small, medium, and large effect size
respectively. The TCK domain revealed the largest estimate for popula-
tion effect size. The pooled pretest/posttest difference for TCK was .70, and
the population estimates ranged between 0.6 and 0.9. These medium to
large effect sizes represent a strong association between preservice teacher
TCK and the instruction they receive in their university coursework. The
confidence bands for TCK, however, were among the widest bands ob-
served in this study. This lack of precision could have resulted from large
item response variations, small sample sizes, or inconsistent measurements
of the construct. Nevertheless, the data suggest that a strong relationship
exists between preservice teacher TCK and university instruction. This
relationship may suggest that preservice teachers’ initial TCK is weak and
that university instruction is an effective method for increasing knowledge
in this domain. The latter conclusion parallels the results of similar studies
and reports that suggest that although many preservice teachers are “digital
natives,” it is not safe to assume that basic technology skills translate to the
context of classroom practice (Brzycki & Dudt, 2005; Lei, Conway, & Zhao,
2008; Education Week, 2007).

We saw the smallest estimates for population effect size in the TPK
construct. The results of this study suggest that the mean difference effect of
university instruction on preservice teacher TPK is between approximately
0.1 and 0.4. Moreover, this construct was consistently and precisely mea-
sured, as shown by the narrow confidence bands and the significant overlap
between the point estimate’s CIs. These data suggest that the relationship
between preservice teacher classroom instruction and TPK, although small,
was reliably measured. Prior researchers suggest that TPK is a major focus
of many teacher education programs with regard to technology integra-
tion (Koh & Divaharan, 2011; Figg & Jaipal, 2009). However, results of this
study indicate preservice teacher TPK is less responsive to current university
classroom practices. Thus, these results suggest that preservice teacher TPK
is a more static construct; hence, an examination of the current preservice
teacher technology pedagogy instructional praxis is warranted to obtain
significant changes in student knowledge.

We also measured preservice teacher PCK in this study, but the results,
although relatively precise and consistent, were only slightly larger than
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the results for TPK. These results are indicative of the lack of emphasis on
isolated pedagogical skills in technology methods courses. The coursework
presented in the preservice teacher classroom tends to focus on technol-
ogy knowledge integration, not general pedagogical practices. Thus, it

is not surprising that the relationship between this construct and the
coursework is weaker than the relationships between the other constructs.
Furthermore, according to Abell (2008) the development of PCK requires
the transformation of subject matter knowledge, pedagogical knowledge,
and context knowledge. These vastly different types of knowledge require
authentic educational tasks to promote the transformation and integration
of this knowledge. Additionally, teachers with a strong pedagogical content
knowledge background tend to utilize technology more effectively in the
classroom (Valanides & Angeli, 2008). Thus, PCK is an integral part of the
TPACK framework that must be cultivated in conjunction with the other
constructs.

The final construct assessed in this study was overall teacher TPACK,
which represents the best measure of a teacher’s ability to understand the
affordances and constraints of technology within the realm of instruction.
The data demonstrate that this construct was the most accurately measured,
as demonstrated by the consistency in the confidence bandwidth and the
significant overlap among all measurements. Further, the preservice teacher
population’s estimated mean difference effect of classroom instruction
ranged between 0.4 and 0.6. The pooled mean difference for this construct
was 0.44, marking the second largest pooled mean difference observed in
this study. These data suggest that the TPACK construct can be influenced
by university classroom instruction with relative consistency and confidence.
An examination of TPACK in relation to practice is needed to bridge the gap
between theory and practice (Mouza & Karchmer-Klein, 2013). Although
this study does not attempt to fill this void, the results provide implications
to influence practice and support further investigation.

Discussion
The nature of TPACK as a fluid educational framework may contribute to
the differences across domains. However, this study suggests that preser-
vice teacher TPACK can be measured—using preservice teacher knowledge
of teaching and technology (TKTT)—with consistency and precision in
many construct domains. Other domains, however, need some refinement
and further study. In addition, this study provides several implications for
preservice teacher technology education. Most accredited teacher education
programs are required to offer an educational technology course (Kleiner et
al., 2007). This course represents the extent to which most preservice teach-
ers will interact with technology in their undergraduate coursework; thus,
the results of this study may help adjust the focus these courses” content on
universally problematic TPACK constructs.
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Implications for Practice

First, pedagogy must be moved to the forefront of the technology integra-
tion course. Technology integration is a difficult concept to teach effectively.
The complexity of teaching how to teach with technology stems from the
need to teach general technology utilization skills for a given tool as well as
the pedagogical constraints and affordances of the tool in a subject matter
specific context (Angeli & Valanides, 2013). Consequently, the constructs
least influenced by technology education coursework were the two peda-
gogical components of the TPACK framework (PCK and TPK); thus, this
area should receive further consideration in technology education curri-
cula planning. Preservice teachers' lack of PCK and, more specifically, TPK
necessitates a reconfiguration of university curriculum guides to reflect the
importance of early exposure to technology integration coursework. Tech-
nology integration courses are necessary and should occur before methods
courses to allow preservice teachers an opportunity to develop and extend
their knowledge (Allsopp, McHatton, & Cranston-Gingras, 2009; Chitiyo &
Harmon, 2009; Hsu, 2012). Further, an examination of current technology
integration practices is necessary.

Many instructional models currently exist to develop preservice
teacher TPACK through instructional technology courses. These models
incorporate microteaching, video lesson reflections, student interviews,
and lesson planning (Akkoc, 2011; Erdogan & Sahin, 2010; Pierson,
2001). TCK and TPACK, however, had relatively stronger relationships
with preservice teacher university instruction. This suggests that the cur-
rent approaches are relatively effective but should be refined to increase
the depth and breadth of the instruction. Cross-curricular planning and
alignment has significant implications for the development of preservice
teacher technology integration practices and skills (Hofer & Gandgenett,
2012). As methods instructors and technology instructors begin to coor-
dinate and develop authentic cross-curricular task inconsistences can be
better assessed.

Limitations of the Study

A limitation of this study is lack of a substantial number of representative
studies. Although the survey of TKTT is widely used to assess preservice
teacher TPACK, many studies did not include sufficient data to calculate

a mean difference effect size. Moreover, to better align this study to the
context-specific nature of TPACK, we implemented a strict inclusion pro-
tocol, which further restricted the sample of pertinent articles. Given the
small sample size, traditional meta-analysis methodology was inappropri-
ate. Although this study was not reflective of a traditional meta-analysis, we
implemented the Meta-Analysis Reporting Standards (MARS). We did not
conduct a moderator and mediator analysis because it was not warranted,
given the methodology implemented in this study.
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Recommendations for Future Research

This study presents several implications for further research and investiga-
tion. The results presented here suggest that some variations exist in preser-
vice teacher PCK, TPK, TCK, and TPACK, both before and after university
technology integration coursework. Possible sources of the score deviations
should be identified and examined as mediating factors. Possible mediating
factors include (a) instructional design, (b) type of instruction, (c) student
population demographics, and (d) length of treatment. These issues repre-
sent a small subset of factors that could influence classroom instruction’s ef-
fect on teacher TPACK constructs. Several studies have already investigated
the influence of instructional design and type of instruction on preservice
teacher technology integration (Jang & Chen, 2010; Kramarski & Michalsky,
2009). However, more studies are needed to develop sound theories and
explanations for the trends presented in this study. Future researchers can
build upon such previous works to investigate the influence of these and
other factors on TPACK.

In addition to identifying and addressing possible mediating factors,
researchers could also extend this research synthesis methodology to other
TPACK measurements. This study focused on synthesizing data from the
Survey of Preservice Teachers’ Knowledge of Teaching and Technology.

We did not include other instruments to avoid any possible measurement
inconsistency. However, separate analysis of other self-reported survey
instruments, rubrics, or observations would provide a means to compare the
precision and accuracy of TPACK measurement across several instruments.
Although effect sizes can combine across studies, the context and measure-
ment of each construct must be operationalized in a similar manner. As the
measurement of TPACK evolves, the reasonableness of combining studies
across multiple measures and context may be realized. However, given the
lack of consistent conceptualizations to support the aggregation of TPACK
data, an analysis of this nature is premature.
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