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Science instruction can benefit from the use of digital technologies if pre-

service teachers are given opportunities to acquire Technological Pedagogical

And Content Knowledge (TPACK) as part of their studies. However, the prevailing

self-report approach to TPACK measurement does not allow conclusions to be

drawn about enacted TPACK, which is rarely assessed in real classroom situations.

In addition, instruments designed to measure TPACK enactment lack descriptive

clarity and no single instrument is used to assess the three relevant phases of

teacher competencies (lesson planning, implementation, and reflection). The

present paper addresses this gap by presenting the development and validation of

a comprehensive rubric for assessing the enacted TPACK of pre-service science

teachers. To operationalize the “fuzzy” aspects of the framework, the rubric

targets a specific use of digital media and instructional approach in science

teaching: student-generated explainer videos and animations. At the core of the

development process is a theory- and literature-based systematic review of (1)

existing instruments for assessing pre-service science teachers’ enacted TPACK

and (2) instructional criteria for student-generated explainer videos in science

classes. The resulting rubric allows valid conclusions given the appropriate

conditions, has demonstrated reliability, and excels due to its specific focus,

high degree of differentiation, systematic grounding in theory and literature,

objective grading criteria, and comprehensive applicability to all three phases of

teacher competencies.

KEYWORDS

enacted TPACK, rubric development, student-generated animation, systematic review,
teacher professionalization, student-created explainer videos, science teaching

1. Introduction

The ongoing digital revolution has transformed society, resulting in educational
opportunities and challenges (KMK, 2017; Redecker, 2017). Among other benefits, the
availability of digital technology and media (DTM) at a relatively low cost facilitates the
visualization of abstract and complex scientific content (Hsu et al., 2015) and enables
students to engage in increased interactive learning (Chi and Wylie, 2014). While the benefits
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of using DTM in science teaching are obvious, simply incorporating
DTM into the classroom does not automatically result in high-
quality teaching (Kates et al., 2018). For teachers to harness
the full potential of DTM, they must be purposefully integrated
into instructional practices and aligned with learning objectives
(Petko, 2020). To achieve this, pre-service science teachers
(PSSTs) need to acquire a complex body of Technological
Pedagogical And Content Knowledge (TPACK; Mishra and
Koehler, 2006) as part of their studies (Becker et al., 2020). The
TPACK model extends Shulman’s (1986) Pedagogical Content
Knowledge by the fundamental knowledge facet of Technological
Knowledge, resulting in a total of seven relevant knowledge
facets: Technological Knowledge (TK), Pedagogical Knowledge
(PK), Content Knowledge (CK), Technological Content Knowledge
(TCK), Technological Pedagogical Knowledge (TPK), Pedagogical
Content Knowledge (PCK), and lastly TPACK. Although the
scientific conceptualization of teacher competencies with regard
to DTM is currently extended to Digitality-Related Pedagogical
And Content Knowledge (DPACK; Thyssen et al., 2023), this
study addresses TPACK as an appropriate model for two reasons:
(1) The DPACK model links digital competence with digital
literacy by adding sociocultural knowledge as a fourth fundamental
knowledge facet. Although this represents a reasonable extension
of the TPACK model in terms of a comprehensive description of
digitization-related teacher competencies, this adaptation results in
a increased model complexity. Since the present study focuses on
digital competencies of PSSTs, an increased complexity due to the
inclusion of sociocultural aspects is avoided. (2) There is already a
considerable body of empirical evidence on the topic of TPACK in
science teacher education that the study can draw on.

1.1. Professional development of
teachers

There has been a growing body of evidence that shows how
TPACK could be acquired in teacher education (Tondeur et al.,
2012, 2018). Nevertheless, how to transfer professional knowledge
about teaching into classroom practice remains a fundamental
question within science education (Labudde and Möller, 2012)
and also relates to the successful integration of DTM (Pareto
and Willermark, 2019). In the transformation model of lesson
planning (Stender et al., 2017), professional development occurs
when professional knowledge acquired at university is transformed
into the knowledge of experienced teachers, where it is represented
as highly automated teaching scripts. This transformative process
depends on repeated lesson planning, implementation, and
reflection on teaching practice. Concepts of teacher professional
development indicate that the three phases of planning, acting, and
reflecting are closely interrelated and necessary for the successful
development of teaching competencies (e.g., Baumert and Kunter,
2013; Stender et al., 2017).

1.2. Enacted TPACK

Different models have been developed to represent TPACK
enactment from different perspectives, such as TPACK-Practical

(Hsu et al., 2015), TPACK in situ (Pareto and Willermark, 2019),
and TPACK-in-action (Ling Koh et al., 2014). To collectively
address the main content of these different models, we use the
term enacted TPACK in this paper. In line with the transformation
model of lesson planning and concepts of teacher professional
development, enacted TPACK refers to technological, pedagogical,
and content knowledge that is expanded over time within teaching
situations (Ay et al., 2015; Pareto and Willermark, 2019). Thus,
teaching experience is a constitutive part of TPACK enactment (Ay
et al., 2015; Yeh et al., 2015; Jen et al., 2016), acting as both a
driving resource and influence on TPACK (Hsu et al., 2015) and
further framed by situatationally unique contextual factors (Ling
Koh et al., 2014; Pareto and Willermark, 2019; Brianza et al., 2022).
Accordingly, enacted TPACK can be interpreted as a dynamic,
contextual, and situated body of practical knowledge that guides
lesson planning, implementation, and reflection (Hsu et al., 2015;
Willermark, 2018; Pareto and Willermark, 2019).

1.3. TPACK measurement

Studies assessing TPACK are largely based on self-report
measures (Voogt et al., 2012; Wang et al., 2018; Willermark, 2018),
requiring participants to evaluate their knowledge of the seven
TPACK facets–mostly without subject-specific contextualization
(Chai et al., 2016). However, the quality of self-report measurement
instruments frequently suffers from the insufficient linkage between
knowledge that is self-reported and knowledge assessed by
performance tests (e.g., Drummond and Sweeney, 2017), and self-
report findings are hardly correlated at all with the enactment
of TPACK (So and Kim, 2009; Mourlam et al., 2021). In this
regard, the accuracy of PSSTs self-assessment seems to decrease
as the amount of procedural (vs. declarative) knowledge required
to complete tasks increases (Max et al., 2022). Consequently, self-
reports should be supplemented with external assessment methods
to increase objectivity (Max et al., 2022). Some approaches use
knowledge tests such as those requiring participants to identify
true or false TPACK-related statements (Drummond and Sweeney,
2017), or teaching vignettes in which PSSTs describe actions
in a TPACK-related classroom situation (Max et al., 2022).
Such assessments are closer to teaching practice but reduce the
complexity of the teaching-learning process since moderating
factors such as motivation or beliefs are not considered (Baumert
and Kunter, 2013; Stender et al., 2017; Huwer et al., 2019). This
also applies to studies using microteaching situations for TPACK
measurement (e.g., Yeh et al., 2015; Canbazoğlu Bilici et al.,
2016; Jen et al., 2016; Aktaş and Özmen, 2020). To fully account
for the contextual and situated nature of enacted TPACK, real
classroom assessment must occur (Ay et al., 2015; Rosenberg and
Koehler, 2015; Willermark, 2018; Pareto and Willermark, 2019).
Furthermore, to accurately measure all facets of the construct,
research instruments should be specific in terms of technology
(DTM), pedagogy (instructional approach), and content (Njiku
et al., 2020). Several reviews point to a lack of TPACK studies
focusing on specific subject domains (Voogt et al., 2012; Wu,
2013; Willermark, 2018) while other researchers highlight a
corresponding lack of subject-specific measurement tools (von
Kotzebue, 2022).
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1.4. Purpose of the study

The current study aimed to develop and validate an instrument
to comprehensively measure TPACK as enacted by PSSTs. Taking
into account the Transformation Model of Lesson Planning
(Stender et al., 2017) as well as corresponding recommendations
regarding enacted TPACK research (Willermark, 2018; Mourlam
et al., 2021), we intended to develop an instrument that
permits triangulated and comparable assessment of planning,
implementation, and reflection on science teaching. Given the
lack of clear operationalizations and descriptions of instruments
currently used to assess enacted TPACK in the field (Willermark,
2018), the instrument was tailored to a specific use of DTM and
a corresponding instructional approach. Attention was paid to
selecting a DTM and instructional approach that (1) could offer
a high potential in science teaching, (2) would be technologically
feasible in school conditions, and (3) could be used flexibly with a
variety of science topics.

In this regard, we concentrate on student-generated explainer
videos or animations (SGEVA). This use of DTM allows students
to actively engage with scientific content by transferring it into a
new form of representation (video or animation). In this process,
students interact with peers in discursive conversations about the
subject content, promoting the expression of technical language.
Hence, there are several reasons why the instrument focuses on
SGEVA in science classes. First, there is growing evidence for
the effectiveness of SGEVA in learning science concepts (Hoban
and Nielsen, 2010; Hoban, 2020), as students become active and
productive players in the classroom, stimulating a more in-depth
engagement with the science content (Gallardo-Williams et al.,
2020; Hoban, 2020). Second, and related to its technological
intuitivity and economic feasibility, the use of SGEVA is steadily
increasing in science classrooms (Gallardo-Williams et al., 2020;
Potter et al., 2021). Third, by combining the rather generic
competence areas of “presentation” and “communication and
collaboration,” SGEVA can be used in various topics or domains
compared to highly science-specific areas such as “measurement
and data acquisition” (Becker et al., 2020). Given the shortage of
both clearly operationalized instruments assessing the enactment
of TPACK in the field and well-defined criteria of instructional
quality using SGEVA in science classrooms, the enacted TPACK
instrument (EnTPACK rubric) was developed with the following
objectives in mind:

(1) Analyzing instruments for assessing enacted TPACK using
lesson plans, lesson observations, and/or lesson reflections.

(2) Defining criteria for the instructional quality of a
science lesson that involves students creating explainer
videos or animations.

(3) Developing and validating an instrument for assessing a
specific aspect of PSSTs enacted TPACK using lesson plans,
observations, and reflections.

2. Materials and methods

The development of the instrument was oriented to the major
phases of analysis, design, development, implementation, and

evaluation (according to the ADDIE model), which are widely
adopted in instructional design (Molenda, 2015).

• Analysis of the rubric’s objective in terms of the contextual
conditions and definition of the theoretical basis.

• Design: Addressing the objectives by two systematic reviews of
the literature and manifesting the theoretical basis.

• Development and operationalization of an initial instrument.
• Implementation of the instrument in field trials.
• Evaluation of content validity and reliability.

2.1. Analysis: determining the rubric’s
objective and defining the theoretical
basis

Initially, the objective of the rubric and the theoretical basis
were defined. For this purpose, the rubric’s prospective application
context was determined and appropriate theoretical models were
selected. Taking the TPACK model as a starting point, the rubric
was specified on the knowledge facets TK, PK, and CK as the
core dimensions of the model. Building on the core dimensions,
TPACK facets were identified to allow comprehensive insights into
the specific application context. These facets were then theoretically
substantiated by the incorporation of selected theoretical models.

2.2. Design: conducting the literature
reviews

The theoretical foundation was empirically substantiated by
incorporating current research literature from two areas: first,
instruments for measuring the enacted TPACK of PSSTs, and
second, instructional criteria for designing lessons that integrate
SGEVA into science classes. To this end, we conducted a systematic
review for both areas. This includes specification regarding the
main objectives of the reviews, the selected information sources, the
eligibility criteria, and the included studies as well as a summary of
the results relevant to the objectives.

Both reviews utilized Google Scholar, which provides the most
comprehensive overview of literature compared to 12 of the most
widely consulted academic search engines and databases such
as Web of Science or Scopus (Gusenbauer, 2019). Since it is
not possible to conduct complex search queries in the Google
Scholar web version, title searches were performed via Harzing’s
“Publish or Perish” software (version 8). The final searches were
conducted in December 2022. Subsequently included publications
were analyzed for content using VERBI’s qualitative data analysis
software MAXQDA (version 2020). A list of the publications
included can be found in Supplementary Appendices A and B.

For the first review, articles were selected that used, presented,
or described an instrument to measure pre-service or in-service
science teachers’ enacted TPACK in lessons. In the second
review, articles were selected that designated quality criteria
for assessing the use of SGEVA in science education. Thus,
any documents, including gray literature (such as conference
proceedings) published in English between January 2010 and
December 2022 were consulted for a comprehensive insight into
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the current state of international research. Articles were excluded in
the first review if the instruments were not designed to be applied
to assess lesson planning, observation, and/or reflection. They were
also ruled out if they focused on a specific subject domain outside
the science subjects (e.g., English as a foreign language). In the
second review, articles were excluded if they did not cover the
creation of digital artifacts with moving images, if the artifacts were
not produced by the students, or if they explicitly excluded the
domain of science.

The search strategy for instruments measuring the enacted
TPACK of PSSTs consisted of the following combination of
keywords and Boolean operators: “TPACK” AND “practical”
OR “enacted” OR “application” AND “science” OR “biology”
AND “instrument” OR “rubric.” The search strategy utilized
for documents that mentioned quality criteria related to
SGEVA in science classes consisted of a combination of the
following keywords and Boolean operators: “explainer video” OR
“explanatory video” OR “animation” AND “student-generated”
OR “student-created” OR “learner-generated” OR “learner-
created” AND “science” OR “biology.” Search results were then
exported into a spreadsheet program and screened according
to the eligibility criteria and restrictions. Figure 1 presents the
flow diagram for the first review while Figure 2 shows the
flow diagram of the second review according to the Preferred
Reporting Items for Systematic Reviews (PRISMA) 2020 statement
(Page et al., 2021).

During the first review, the article titles and abstracts were
screened according to the eligibility criteria, excluding 504 reports.
Subsequently, 27 full texts were screened and another 6 records
were excluded. No further cited publications were included via
other methods because they did not meet the eligibility criteria.
This left 21 records included in the first review.

In the second review, the titles and abstracts of the documents
were screened in terms of the eligibility criteria, excluding 952
reports. Next, the remaining 48 full texts were screened and another
19 records were excluded. Nine publications were then identified
via citation screening of the remaining texts, leaving 38 records
from the second review.

2.3. Development of the initial rubric

A draft version of the instrument was developed by comparing
and subsequently structuring the results of the systematic review
according to the theoretical basis. The results of the systematic
review of literature on the enacted TPACK instruments and selected
contextual factors were then used to guide the design of the rubric.

2.4. Evaluation: validity

The construct validity of the instrument was ensured by
specifying the underlying concepts in terms of the literature
reviewed (Döring, 2023). Additionally, the rubric’s content validity
was empirically tested using judgments gathered online via
www.soscisurvey.de (version 3.2.50) from 11 experts in the field
of digitally-enhanced science teaching. Each of the experts had
at least a PhD in the field of science teaching and belongs
to a scientific working group that explicitly deals with topics
related to digitalization in science education. In the online
survey, the rubric was systematically presented and differentiated
into its individual levels (categories, subcategories, criteria, and
indicators). The experts were asked for their feedback on the
relevance of the categories. In parallel, they were able to

FIGURE 1

Flow diagram of the first review adapted from the PRISMA 2020 statement (Page et al., 2021).
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FIGURE 2

Flow diagram of the second review adapted from the PRISMA 2020 statement (Page et al., 2021).

comment on each level (e.g., the individual indicators) within
the categories.

2.5. Implementation: field trials

We tested the practicality of the instrument via a
comprehensive case study in the classroom. To do this, we
collected data sets from three PSSTs during their internship
semester consisting of their planning outlines, the video recordings
of their lesson implementation, and the recordings from their
reflection interviews. All participants were in their master’s studies,
took part in a preparatory workshop, and stated that they had
already conducted between 1 and 10 lessons with the support of
DTM. Thus, the field trials correspond to the finalized procedure,
which will represent the application context of the rubric. The
data sets were evaluated by means of evaluative qualitative content
analysis (Kuckartz and Rädiker, 2022) using the initial rubric.
Thus, the deductively defined indicators were supplemented with
inductively derived indicators.

2.6. Evaluation: reliability

Finally, the rubric was tested for reliability by comparing the
analyses of two expert raters who edited 10% of the expected
total data. As recommended by Al-Harthi et al. (2018), the second
rater was first trained by the author in applying the rubric.
Subsequently, the data sets (written lesson plans, videotaped lesson
observations, and transcribed reflective interviews) of four cases
were assessed by the two different raters, using the rubric. Both
Cohen’s Kappa coefficient and intraclass correlation coefficient

(ICC) were calculated using IBM SPSS (version 28.0). Cohen’s
Kappa was used to compare the ratings of the nominally scaled
criteria before grading, whereas ICC was used to measure the
inter-rater agreement of the intervally scaled levels (Döring, 2023).

3. Results

In the following section, we present the theoretical basis of
the rubric and the results of the two reviews, followed by the
adjustments made during the validation and field trials. Finally, we
discuss the reliability of the instrument.

3.1. Objective and theoretical basis of the
rubric

The rubric was developed to measure the enacted TPACK
of PSSTs who assigned SGEVAs in their internship semester
at the levels of lesson planning, implementation, and reflection
by using written planning artifacts (planning), video-recorded
lesson observations (implementation), and reflection interviews
(reflection). To address the situational and context-bound nature
of the TPACK construct, the rubric is specified at the TK facet for
explainer videos or animations, at the PK facet for SGEVA, and at
the CK facet for the science domain.

Due to the application context of the instrument, the
knowledge facets TPK, PCK, and TPACK were selected as central
levels. The knowledge facets TK, PK, CK, and TCK were not
further considered in the instrument structure for the following
reasons: (TK) technological equipment is provided to the PSSTs
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FIGURE 3

Theory- and literature-based operationalization of the TPACK construct.

by the university if it is not available at the respective internship
school. For this reason, as well as due to varying technological
infrastructure at the schools, technological preparations cannot be
adequately compared between subjects (PK). General pedagogical
considerations such as classroom management allow only limited
conclusions to be drawn in the context of the internship semester,
since the PSSTs teach in their mentors’ classes and usually adopt
their pedagogical structures. In addition, overlapping PK aspects
can be found in the PCK facet (CK). Prescribing a specific
subject content was not possible in the internship semester
for organizational reasons (TCK). The application of (digital)
technologies in the science domain is not further relevant in the
context of the present study.

To concretize the selected TPACK components, further
theories were considered. For PCK, we used the criteria of
instructional quality in science class developed by Steffensky
and Neuhaus (2018). They define two subject-specific (basic)
dimensions of deep structures that substantially influence the
quality of science teaching. These dimensions are content
structuring and cognitive activation, which are operationalized by
exemplary indicators (e.g., feedback). For TPK, the Interactive-
Constructive-Active-Passive model (ICAP; Chi and Wylie, 2014)
and the Cognitive Load Theory (CLT; Sweller et al., 1998) were
consulted. In the ICAP hypothesis, students’ engagement within the
learning process is divided into four levels. As students’ engagement
increases from passive to active, to constructive and lastly to
interactive, their learning potentially increases accordingly (Chi
and Wylie, 2014). The CLT, on the other hand, states that cognitive
resources must be allocated wisely in learning processes in order to

focus sufficient capacity on engagement with the relevant learning
contents (intrinsic and germane cognitive load; Sweller et al., 1998).
Conversely, it is particularly important to reduce the cognitive load
of irrelevant contents (extraneous cognitive load; Sweller et al.,
1998). Both theories were selected since the planned activity turns
students into DTM producers–which provides plenty of potential
for interactive learning experiences (ICAP), but also presents a risk
of cognitive overload (CLT). Figure 3 depicts the operationalization
of the TPACK construct conducted in the present study.

3.2. Literature review on enacted TPACK
instruments

Overall, twelve of the twenty-one articles (57.14%) had been
published in journals, seven (33.33%) in conference proceedings,
and two (9.52%) as book chapters. Figure 4 illustrates the increase
in publications regarding the measurement of TPACK based on
lesson planning, implementation, and reflection in the course of
the past decade.

Seven publications assessed enacted TPACK without a specific
subject focus. Six articles focused on science in general, four on
biology, two on chemistry, one on the combination of biology and
physics, and another one on geology. Sixteen different instruments
for measuring enacted TPACK using various methods and covering
different data sources were used or described. We gained insight
into 14 of these 16 instruments, most of which were included
in the corresponding publications, others were publicly available
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FIGURE 4

Annual number of publications on enacted TPACK instruments, January 2010 to December 2022 (inclusive).

online (Harris et al., 2010, 2012; Hofer et al., 2011), or were
provided on request by their authors (Canbazoğlu Bilici et al.,
2016). The instruments varied in terms of the data sets to which
they were applied, their structure and handling, the process of their
development, their degree of specificity in terms of the TPACK
facets or contextual factors, and their demonstrable validity and
reliability. Different methods and instruments were often combined
but such combinations lay outside the scope of this investigation.
Table 1 provides a rough summary of the review, which will be
concretized within the individual subchapters.

3.2.1. Data sets or combinations used
To assess enacted TPACK, instruments used to analyze lesson

planning, lesson implementation, and lesson reflection were
considered. For lesson planning, written planning documents
or other texts (e.g., Harris et al., 2010; Al-Harthi et al., 2018;
Pareto and Willermark, 2019; Hayati et al., 2022; Unal Çoban
et al., 2022) and audio-recorded planning interviews (e.g., Harris
et al., 2012; Pareto and Willermark, 2019) were used. In addition,
some teacher-generated materials (e.g., presentations, handouts, or
digital artifacts) were included in the analysis (e.g., Al-Harthi et al.,
2018; Pareto and Willermark, 2019; Unal Çoban et al., 2022).

To analyze lesson implementation, direct observational
methods were used by the researchers (e.g., Kafyulilo et al.,
2013; Pareto and Willermark, 2019; Paidi et al., 2020; Kavai and
Nyamupangedengu, 2021), who often took field notes or used
log books to supplement their observations. In contrast, some
approaches used videotaped lesson observations (e.g., Hofer
et al., 2011; Yeh et al., 2015; Canbazoğlu Bilici et al., 2016; Aktaş
and Özmen, 2020, 2022). To support the assessment of lesson
implementation, materials produced for and by the students
or personal conversations were occasionally utilized (Pareto
and Willermark, 2019). Lesson reflections were collected via

questionnaires (Kafyulilo et al., 2013) or observations of reflection
sessions and interviews (Pareto and Willermark, 2019).

Most instruments focused on measuring enacted TPACK by
exclusively analyzing lesson planning (e.g., Harris et al., 2010, 2012;
Janssen and Lazonder, 2016; Özdilek and Robeck, 2019; Dewi et al.,
2022) or lesson implementation (e.g., Hofer et al., 2011; Kafyulilo
et al., 2013; Paidi et al., 2020; Kavai and Nyamupangedengu, 2021).
However, combined analysis using one instrument was relatively
rare, with only three approaches reporting on the combined
measurement of lesson planning and lesson implementation (Yeh
et al., 2015; Pareto and Willermark, 2019; Aktaş and Özmen, 2020,
2022). However, only Yeh et al. (2015) differentiated indicators for
planning from those for implementation–and did so only partly.

Some researchers adapted their instruments to be used for
different data sets (e.g., Harris et al., 2010, 2012; Hofer et al.,
2011; Canbazoğlu Bilici et al., 2016). Canbazoğlu Bilici et al.
(2016) developed two instruments: the TPACK-based lesson plan
assessment instrument (TPACK-LpAI) to analyze written lesson
plans and the TPACK Observation Protocol (TPACK-OP) to
analyze videotaped lesson observations. These two instruments
use the same key indicators and differ only slightly, as the
TPACK-OP incorporates contextual factors such as classroom
demographics and setting in greater depth. Harris et al. (2010)
developed a broadly designed instrument for written lesson plans,
which they subsequently adapted for use in lesson observations
(Hofer et al., 2011) and for in-service teacher lesson planning
interviews (Harris et al., 2012). Again, these instruments differ
in only a few respects. Consequently, two criteria that explicitly
refer to technology logistics and observed instructional use were
added for lesson observations. Furthermore, contextual factors
and aspects that were not expressed during lessons were collected
in an additional field notes column. No changes were made
when using the instrument in lesson planning interviews. The
research team flexibly used the instrument to provide valid and
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Canbazoğlu Bilici
et al., 2016

× × – – – × – – × – – × × ×

Dewi et al., 2022 × – – × – – – – – – – – – –

Harris et al., 2010 × – – – – × – – – – – × × ×

Harris et al., 2012 × – – – – × – – – – – × × ×

Hayati et al., 2022 × – – × – – – – (?) – – – – –

Hofer et al., 2011 – × – – – × – – – – – × × ×

Janssen and
Lazonder, 2016

× – – × – – – × × × – – – ×

Kafyulilo et al.,
2013

– × – – × – – – × – – – – ×

Kavai and
Nyamupangedengu,
2021

– × × – × – – – – – – – × ×

Mourlam et al.,
2021

× – – – – × – – – – – × × ×

Mourlam and
Bleecker, 2017

× – – – – × – – – – – × × ×

Özdilek and
Robeck, 2019

× – – – × – – × × × – – – –

(Continued)

Fro
n

tie
rs

in
E

d
u

catio
n

0
8

fro
n

tie
rsin

.o
rg

https://doi.org/10.3389/feduc.2023.1190152
https://www.frontiersin.org/journals/education
https://www.frontiersin.org/


feduc-08-1190152 September 29, 2023 Time: 10:26 # 9

Aumann et al. 10.3389/feduc.2023.1190152

T
A

B
LE

1
(C

o
n

ti
n

u
ed

)

R
e

fe
re

n
ce

s
A

p
p

lic
at

io
n

to
d

at
a

se
ts

St
ru

ct
u

ra
lo

ri
e

n
ta

ti
o

n
to

th
e

T
P

A
C

K
co

n
st

ru
ct

Sp
e

ci
fi

ca
ti

o
n

o
f

th
e

in
st

ru
m

e
n

t
(f

o
llo

w
in

g
N

jik
u

e
t

al
.,

2
0

2
0

)

Le
ve

lo
f

co
n

te
xt

u
al

iz
at

io
n

(f
o

llo
w

in
g

B
ri

an
za

e
t

al
.,

2
0

2
2

)

Te
st

e
d

fo
r

va
lid

it
y

an
d

re
lia

b
ili

ty

P
la

n
n

in
g

Im
p

le
m

e
n

-
ta

ti
o

n
R

e
fl

e
c-

ti
o

n
A

ll
Fa

ce
ts

Se
le

ct
e

d
Fa

ce
ts

O
ve

ra
ll

co
n

st
ru

ct
T

K
P

K
C

K
Im

m
e

-
d

ia
te

P
ro

xi
m

al
D

is
ta

l
V

al
id

it
y

R
e

lia
b

ili
ty

Pa
id

ie
ta

l.,
20

20
–

×
–

–
×

–
–

–
(?

)
–

–
–

×
×

Pa
re

to
an

d
W

ill
er

m
ar

k,
20

19
×

×
–

–
×

–
–

–
×

–
×

–
–

–

U
na

lÇ
ob

an
et

al
.,

20
22

×
–

–
–

–
×

–
×

×
×

–
–

×
×

vo
n

K
ot

ze
bu

e,
20

22
×

–
–

–
–

×
–

–
×

–
–

–
–

×

Y
eh

et
al

.,
20

15
×

×
–

–
–

×
–

–
×

–
–

–
–

×

“x
”=

fu
lfi

lle
d

“-
“=

no
tf

ul
fil

le
d

“(
?)

”=
no

re
lia

bl
e

in
fo

rm
at

io
n

av
ai

la
bl

e.

reliable measurements of three different data sets. The authors
concluded that the instrument was suitable for the analysis of
oral interviews about technology-enhanced lessons, which would
also include its use for reflecting orally on lessons (Harris
et al., 2012). Similarly, Canbazoğlu Bilici et al. (2016) asserted
that the TPACK-OP rubric could be used to assess lesson plan
reflections.

Nevertheless, the review identified no instrument that was
explicitly designed or used for the combined analysis of lesson
planning, implementation, and reflection. In general, lesson
reflections were evaluated separately to obtain more in-depth
information (Kafyulilo et al., 2013; Pareto and Willermark, 2019).

3.2.2. Instrument structure
The included instruments can be described as rubrics, as

they are composed of different assessment categories divided into
rating scales for assessing quality (Popham, 1997). Among the
instruments, the number of categories ranged from four in Harris
et al. (2010) to twelve in Aktaş and Özmen (2020, 2022) who
further differentiated the categories into several indicators. Most
instruments were not structurally oriented to particular facets of
TPACK but defined categories that allow overall conclusions to
be drawn about TPACK as a construct (e.g., Yeh et al., 2015; Al-
Harthi et al., 2018; Unal Çoban et al., 2022). Only a few rubrics
used all TPACK components for categorization (e.g., Hayati et al.,
2022), while others exclude individual facets (Kafyulilo et al., 2013),
and focused either on the integrated components (TPK, TCK, and
PCK; Janssen and Lazonder, 2016; Paidi et al., 2020) or the basic
ones (TK, PK, and CK; Pareto and Willermark, 2019; Kavai and
Nyamupangedengu, 2021).

Every instrument used rating scales containing three (e.g.,
Kafyulilo et al., 2013) to five (e.g., Canbazoğlu Bilici et al., 2016)
levels, mostly scoring each category separately and in some cases
even allowing for variable scoring within the categories (von
Kotzebue, 2022). Three instruments did not score every category
but calculated an overall score by mapping interactions between
coded TPACK categories (Pareto and Willermark, 2019; Kavai and
Nyamupangedengu, 2021) or using a calculation formula (Paidi
et al., 2020).

Accordingly, the scoring methods varied among the different
approaches and were (in part) highly dependent on inference.
For example, some instruments used a Likert scale (e.g., Kafyulilo
et al., 2013; Canbazoğlu Bilici et al., 2016; von Kotzebue, 2022),
while others provided concrete descriptors for each category level
(e.g., Harris et al., 2010, 2012; Hofer et al., 2011; Yeh et al., 2015;
Al-Harthi et al., 2018; Özdilek and Robeck, 2019).

3.2.3. Development of the instruments
The development process for two of the instruments was

not described (Özdilek and Robeck, 2019; Dewi et al., 2022).
However, most researchers adapted the items or indicators
of previously established technology integration assessment
instruments (Harris et al., 2010), TPACK-instruments (e.g.,
Kafyulilo et al., 2013; Aktaş and Özmen, 2020, 2022; Unal
Çoban et al., 2022), the integrative PCK model (Canbazoğlu Bilici
et al., 2016), or other theoretical models (von Kotzebue, 2022).
Literature reviews were used to develop a few more specialized
instruments, although these were not systematically documented
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(e.g., Al-Harthi et al., 2018; Unal Çoban et al., 2022). Other authors
built on self-developed operationalizations of enacted TPACK (Yeh
et al., 2015; Pareto and Willermark, 2019). For example, Yeh et al.
(2015) conducted a Delphi study to operationalize the enacted
TPACK of in-service teachers with DTM experience via interviews,
subsequently testing and revising the instrument built on this
operationalization. Field trials were also used by other researchers
to test their instruments in practice (e.g., Al-Harthi et al., 2018;
Antony and Paidi, 2019).

3.2.4. Specification of the TPACK components
The instruments vary widely in terms of specificity at the

levels of technology, pedagogy, and content. Some were designed
broadly to fit a wide range of approaches without any specification
(e.g., Harris et al., 2010, 2012; Hofer et al., 2011; Dewi et al.,
2022). One instrument was designed expressly for a specific
use of DTM (cloud-based learning activities) specializing only
at the TK level (Al-Harthi et al., 2018). Most were specifically
designed for the domain of science (CK) in general (e.g.,
Kafyulilo et al., 2013; Yeh et al., 2015; Canbazoğlu Bilici et al.,
2016; Aktaş and Özmen, 2020, 2022), since this was one of
the eligibility criteria used to select them for review. This
subject-specific focus was usually manifested through generic
PCK categories of high-quality science teaching, which are either
evaluated for the use of DTM (Canbazoğlu Bilici et al., 2016)
or supplemented with generic TPK categories (von Kotzebue,
2022). However, there are also instruments focusing on both the
subject domain (CK) and a specific instructional approach (PK),
such as inquiry learning in biology (Janssen and Lazonder, 2016),
case-based learning in chemistry (Özdilek and Robeck, 2019)
or argumentation in the geology classroom (Unal Çoban et al.,
2022).

Although some studies focused on particular session content
(e.g., von Kotzebue’s (2022) investigation of a lesson about
honeybees) or together with a specific DTM use (e.g., glucose-
insulin regulation with System Dynamics modeling; Janssen and
Lazonder, 2016), these highly specific aspects were not reflected in
the corresponding research instruments.

3.2.5. Contextualization
Brianza et al. (2022) conceptualize educational context as an

interdependent network of contextualized technology-, pedagogy-,
and content-related factors differentiated on three different levels of
influence to classroom practice and the teachers’ realm of influence
(immediate, proximal, and distal). On the class level, the teacher
can immediately influence contextual conditions, whereas his realm
of influence is proximal on the school or institution level and distal
on national or global level.

In the reviewed instruments, these contextual factors were
integrated in different ways. Either the instruments were designed
with these factors in mind or items/indicators were integrated that
specifically address contextual factors and thus include them in the
measurement process. The most frequently identified contextual
factors included in the reviewed instruments represent distal
pedagogy- or content-related factors. Two approaches mentioned
the incorporation of national teacher qualification standards in
the design of their instruments (Antony and Paidi, 2019; Aktaş
and Özmen, 2020, 2022). Several other instruments assessed the

compatibility of the lesson with national curriculum standards (e.g.,
Harris et al., 2010, 2012; Hofer et al., 2011; Canbazoğlu Bilici
et al., 2016). Immediate contextualized pedagogy-related factors,
such as teacher or student dispositions, were mostly integrated
among generic PK or PCK indicators, that included, for example,
the activation of prior knowledge (Janssen and Lazonder, 2016),
the adaptation to different learning preferences (Al-Harthi et al.,
2018), the consideration of students’ needs (Unal Çoban et al.,
2022), or the arousal of attention and the activation of the students
(Aktaş and Özmen, 2022). Another example for the inclusion of
immediate pedagogy- and technology-related contextual factors
via items was the instrument of Canbazoğlu Bilici et al. (2016),
who added the class grade and size, the arrangement of the room,
and the availability of DTM. Particularly rare was the inclusion
of contextual factors on the proximal school or institutional
level, which was identified solely by focusing the instrument on
a particular type of school (e.g., primary schools; Pareto and
Willermark, 2019).

3.2.6. Validation and reliability
In general, the instruments were tested for reliability more often

than for validity. Four articles commented on neither the validity
nor the reliability of their instruments (Pareto and Willermark,
2019; Özdilek and Robeck, 2019; Dewi et al., 2022; Hayati et al.,
2022) although Pareto and Willermark (2019) reported comparing
ratings from two different coders.

To measure reliability, all the remaining instruments used
either the percent agreement procedure (e.g., Yeh et al., 2015;
Janssen and Lazonder, 2016), the intraclass correlation coefficient
(e.g., Harris et al., 2010, 2012; Hofer et al., 2011; Canbazoğlu Bilici
et al., 2016; Antony and Paidi, 2019), Cohen’s Kappa (e.g., Kafyulilo
et al., 2013; Janssen and Lazonder, 2016; Al-Harthi et al., 2018;
von Kotzebue, 2022), or Kendall’s W (e.g., Aktaş and Özmen, 2020,
2022; Unal Çoban et al., 2022).

To establish face or construct validity, the researchers primarily
sought expert judgments (e.g., Harris et al., 2010, 2012; Hofer et al.,
2011; Canbazoğlu Bilici et al., 2016; Al-Harthi et al., 2018) with
two articles reviewing the literature as a supplementary validation
of content (Al-Harthi et al., 2018; Kavai and Nyamupangedengu,
2021). One study measured empirical validity using biserial
correlation value (Antony and Paidi, 2019). In addition, test-
retest reliability was calculated using Pearson’s r (Canbazoğlu Bilici
et al., 2016) and internal consistency using Cronbach’s Alpha (e.g.,
Kafyulilo et al., 2013; Canbazoğlu Bilici et al., 2016; Al-Harthi et al.,
2018; Aktaş and Özmen, 2020, 2022).

Besides the review of enacted TPACK instruments, a second
review was carried out, which focused on quality criteria for the
use of SGEVA in the classroom. In the following chapter, the results
of this second review are presented.

3.3. Literature review on
student-generated explainer videos and
animations in science classes

Among the 38 articles, 29 were published in journals (76.3%), 3
in conference proceedings (7.9%), 4 in book chapters (10.5%), and 2
as dissertations (5.2%). The three journals that featured most often
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in the sample were Chemistry Education Research and Practice, with
three articles, the Journal of Biological Education, and the Journal of
Science Education and Technology, with two articles apiece.

The included articles varied in regard to the educational levels
examined, the subject areas explicitly focused on, and the products
created by the students. It should be noted that some articles
mention multiple educational levels, which may result in overlaps.
Among the 38 articles reviewed, 18 focused on tertiary education,
with 10 of those specifically targeting pre-service teachers; the
articles focusing on secondary and primary education numbered
15 and 7, respectively while 5 articles did not explicitly mention any
educational level.

Overall, 18 articles (47.3%) focused on science education while
6 articles each (15.8%) covered biology or chemistry education or
did not explicitly mention any subject. Another two articles (5.3%)
identified STEM education as their focus. In total, 19 articles (50%)
examined the creation of animations by the students and 10 of these
dealt with a special slowed-down form called “slowmation” (Hoban
and Nielsen, 2010). 14 articles (36.8%) dealt with student-created
videos and 5 articles (13.2%) involved the creation of various digital
media products, explicitly including videos and/or animations.
The following section clusters the criteria identified in the review
according to the selected theoretical basis.

3.3.1. TPACK
Consistent with the TPACK framework (Mishra and Koehler,

2006), a need for alignment of the DTM use with both the selected
subject content and the learning objectives is highlighted in the
literature. First, not every use of DTM is suitable for each method
and for teaching all topics. Accordingly, the appropriateness of
the selected subject content for SGEVA needs to be carefully
evaluated (Keast and Cooper, 2011). To create a short explainer
video, the subject content needs to be limited in scope, freestanding,
and divisible into visualizable steps (e.g., Keast and Cooper,
2011; Farrokhnia et al., 2020; Orraryd, 2021). In particular,
dynamic content that involves motion or spatio-temporal change
benefits from being represented in moving images (e.g., Wu and
Puntambekar, 2012; Hoban and Nielsen, 2014; Akaygun, 2016;
Yaseen, 2016, 2018). In addition, complex and abstract processes
or phenomena that are invisible to the human eye benefit from
visualization (e.g., Kidman et al., 2012; Akaygun, 2016; Orraryd,
2021). This does not mean that SGEVA do not suit for example
static subject content, but with regard to subject content with the
described characteristics, the potential of SGEVA is maximized.

Second, DTM use must be aligned with subject-specific
learning objectives (Reyna and Meier, 2018a). SGEVAs are
therefore particularly useful for consolidating previously exposed
subject content (e.g., Hoban and Nielsen, 2010; Keast and Cooper,
2011; Hoban, 2020). In this regard, the focus must be on the
scientific process or concept while the DTM should serve as a
subject-learning tool (e.g., Hoppe et al., 2016; Seibert et al., 2019;
Nielsen et al., 2020; Orraryd, 2021). Accordingly, the process (not
the product) of video creation should be foregrounded (e.g., Keast
and Cooper, 2011; Potter et al., 2021).

3.3.2. PCK–content structuring
Instructional quality in science lessons can be achieved by

considering content structuring (Steffensky and Neuhaus, 2018). In

the reviewed articles, this can be accomplished (1) when content
is taught in a structured and adequately supported way, (2)
when technical language is considered in the task, and (3) when
the teacher communicates the learning objectives transparently.
To consider the first point, supportive teaching should provide
students with content-related (e.g., Hoppe et al., 2016; Orraryd,
2021), criteria-based (e.g., Kamp and Deaton, 2013; Andersen
and Munksby, 2018; He and Huang, 2020) and appreciative (e.g.,
Yaseen and Aubusson, 2018; Orraryd, 2021) feedback. Appropriate
structuring includes emphasizing key aspects of the subject content
over minor issues (e.g., White et al., 2020; Orraryd, 2021) and
coherently linking the task to students’ prior knowledge (e.g.,
Kidman et al., 2012; Farrokhnia et al., 2020; Nielsen et al.,
2020; Orraryd, 2021). Second, the use of technically correct
language (Seibert et al., 2019) when supplementing moving
images with verbal explanation (e.g., Karakoyun and Yapıcı,
2018; Farrokhnia et al., 2020) is considered another important
aspect of SVEGA. Third, teachers should clearly communicate
learning objectives and define expectations for students (e.g.,
Reyna and Meier, 2018b; He and Huang, 2020; Nielsen et al.,
2020). Accordingly, students should be made aware of the purpose
and the opportunities of SGEVA in terms of learning objectives
(e.g., Lawrie and Bartle, 2013; Andersen and Munksby, 2018;
Epps et al., 2021).

3.3.3. PCK–cognitive activation
Cognitive activation is another important characteristic of

instructional quality in science teaching (Steffensky and Neuhaus,
2018). According to the reviewed articles this is expressed in (1) task
openness, (2) authenticity, and (3) emphasis on content relevance.
In terms of task openness, encouraging student creativity as well as
co-construction and allowing a certain degree of artistic freedom
are essential while also requiring conceptual fidelity (Orraryd,
2021). Students should not simply be given ready-made materials
and a pre-prepared storyline (Robeck and Sharma, 2011; Mills et al.,
2019), but be encouraged to make their own decisions about design,
format, and storytelling (e.g., Robeck and Sharma, 2011; Farrokhnia
et al., 2020; Epps et al., 2021; Potter et al., 2021) while supporting
them adequately in problem solving (Palmgren-Neuvonen and
Korkeamäki, 2015) and content-related issues (Mills et al., 2019;
Orraryd, 2021). Providing open-ended fictive tasks (Palmgren-
Neuvonen et al., 2017) or allowing students to conduct their own
investigations (Hoppe et al., 2016) are mentioned as examples in
this context.

To increase task authenticity, teachers should provide an
objective for the SGEVA (e.g., Willmott, 2014; Pirhonen and Rasi,
2016; Blacer-Bacolod, 2022). For instance, explainer videos might
be uploaded to an open or closed platform (e.g., Hoppe et al., 2016;
Reyna and Meier, 2018a; Baclay, 2020; Gallardo-Williams et al.,
2020). In addition, a realistic audience for the video should be
provided (Ribosa and Duran, 2022). The teacher needs to make the
students aware of their audience and guide them in this regard (e.g.,
Reyna and Meier, 2018a; Gallardo-Williams et al., 2020; Hoban,
2020). Finally, the real-life relevance of the subject content needs to
be addressed (Seibert et al., 2019). A well-designed task provides
a real-life problem or question (Hoppe et al., 2016) concerning a
topic of relevance to students’ lives (e.g., Farrokhnia et al., 2020;
Epps et al., 2021).
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3.3.4. TPK–cognitive load
Most of the articles recommended that practitioners provide

various forms of scaffolding through different agents such as
teachers, learning tools, or instructional materials (e.g., Wu and
Puntambekar, 2012) and align in this respect with the CLT (Sweller
et al., 1998). Essentially, three areas of extrinsic cognitive load are
addressed: (1) the use of technology, (2) the planning and design of
the video, and (3) the task organization and management.

Regarding the use of technology, teachers must take into account
the students’ media-related skills (e.g., Reyna and Meier, 2018b;
Farrokhnia et al., 2020; Epps et al., 2021; Blacer-Bacolod, 2022). The
video production software should be user-friendly while providing
sufficient editing options (e.g., Belski and Belski, 2014; Karakoyun
and Yapıcı, 2018). Teachers need to introduce mandatory functions
(e.g., Hoban and Nielsen, 2014; Seibert et al., 2019; Epps et al., 2021)
and support students’ use of the technology (e.g., Yaseen, 2016;
Reyna and Meier, 2018a,b).

Storyboards are widely recommended to support the video
design process (e.g., Robeck and Sharma, 2011; Pirhonen and
Rasi, 2016; Palmgren-Neuvonen et al., 2017; Orraryd, 2021).
Also recommended are introducing video production techniques
(e.g., Seibert et al., 2019; Hoban, 2020), giving demonstrations
with exemplary videos or animations (e.g., Kidman et al., 2012;
Kamp and Deaton, 2013; Palmgren-Neuvonen and Korkeamäki,
2014; Hoban, 2020), and providing guidance on video length and
structure (Gallardo-Williams et al., 2020). While some authors also
recommend training students in digital media principles (Reyna
and Meier, 2018b), others emphasize embracing the imperfections
of the videos (e.g., Yaseen, 2018; Orraryd, 2021).

Since organization and task management increase with group
size, several authors propose forming small groups consisting
of three to four members (e.g., Yaseen, 2016, 2018; Jacobs and
Cripps Clark, 2018; Seibert et al., 2019). To create a healthy and
productive environment, group composition should be considered.
In this respect, it is recommended to consider students’ personal
relationships when forming groups (Kidman et al., 2012) and
to ensure that each group contains a variability of skills (e.g.,
Robeck and Sharma, 2011; Palmgren-Neuvonen and Korkeamäki,
2014). In addition, it is advantageous to clearly define roles and
subtasks (e.g., Keast and Cooper, 2011; Karakoyun and Yapıcı,
2018; Reyna and Meier, 2018a; Epps et al., 2021) and the teacher
must mediate intra-group conflicts when required (e.g., Palmgren-
Neuvonen and Korkeamäki, 2014, 2015; Palmgren-Neuvonen et al.,
2017; Karakoyun and Yapıcı, 2018; Reyna and Meier, 2018a,b).

3.3.5. TPK–interactive learning
Consistent with the ICAP model (Chi and Wylie, 2014),

SGEVAs should enable co-construction, collaboration, and
communication among class participants (e.g., Jacobs and Cripps
Clark, 2018; Özdilek and Ugur, 2019; Baclay, 2020; Blacer-Bacolod,
2022). Students should solve problems, brainstorm, or plan
collaboratively via teacher-student or peer exchange (e.g., Robeck
and Sharma, 2011; Kamp and Deaton, 2013; Mills et al., 2019;
Seibert et al., 2019) leading to content-related discussions. Such
processes can be aided by the teacher as they occur (e.g., Hoban and
Nielsen, 2014; Palmgren-Neuvonen and Korkeamäki, 2014; Yaseen,
2018; Farrokhnia et al., 2020) by promoting cognitive conflicts,
asking key questions (Yaseen, 2016; Yaseen and Aubusson, 2018),

requesting students to support their assertions (Yaseen, 2016, 2018;
Palmgren-Neuvonen et al., 2017; Orraryd, 2021), and summarizing
or highlighting contributions in the discussion (Yaseen, 2016;
Yaseen and Aubusson, 2018). When implementing the videos, the
students should be cognitively activated; for example, by being
encouraged to represent the subject content multimodally (Lawrie
and Bartle, 2013; Reyna and Meier, 2018a).

3.3.6. TPK–time allocation
The need to allocate sufficient time for video preparation and

creation is often mentioned (e.g., Özdilek and Ugur, 2019; Epps
et al., 2021; Blacer-Bacolod, 2022). This time varies from two
(Seibert et al., 2019) to three hours (Hoban and Nielsen, 2014).

3.4. Development of the initial rubric

Following the SGEVA review, the elaborated results were
compared with the selected theories and organized according to
the structure inherent in the theories. The only exception to this
process concerned “time allocation,” which was separately assigned
to TPK since it is causally attributed to planning and creating
videos or animations. Our rubric was based on the results of the
SGEVA review and included only those instructional criteria that
appeared in the literature, thereby ensuring the rubric would be
context-specific.

To operationalize the theory-driven subcategories, we used
the cluster of criteria presented in section 3.3. The structure
of the rubric divided subcategories such as cognitive load into
clear criteria based on the results of the SGEVA review. Each
criterion was further divided into observable indicators to ensure
consistency. In the coding manual, we formulated explicit examples
for each indicator to facilitate the process of rating the three
different data sets. Based on how frequently they appeared in the
review, we assigned a weight ranging from one to three to each
indicator. We then created a four-level classification of the criteria
that assigned grades based on a points system tailored to the total
weighting of the associated indicators. Thus, the indicators were
first observed before categorizing criteria into levels ranging from
0 (not fulfilled) to 3 (adequately fulfilled), based on the presence
and weight of the observed indicators. The total scores could be
calculated based on these criterial values.

Our focus on SGEVA in science classes meant we already had
a contextualized focus regarding the TPACK facets. The additional
contextual factors primarily represented the framework conditions
of the project, including the situation of the PSSTs internship
semesters and the conditions of their classroom observations.
During the internship semester, the PSSTs visit their mentors’
classes and thus do not influence classroom practices etc. Moreover,
the classroom observation conditions restricted the time available
to the procedure. The lesson observations thus only covered one
double lesson (90 min), which made it impossible to achieve the
recommended requirement of at least 2–3 h of planning and
video creation within the project framework. The indicators were
therefore adjusted according to this time limit; bearing in mind the
possibility of continuing the activities in subsequent lessons, the
specified timespan was reduced to 40 min.
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3.5. Validity

Based on the expert feedback, the initial rubric was adapted.
As a major change, redundancies were removed by merging
subcategories with their associated criteria if they contained
only one criterion. As a result, four of the seven subcategories
(DTM aligned with content, DTM aligned with learning objective,
Interactive learning, and Time allocation) were not subdivided into
different criteria.

3.6. Field trials

The case study findings were subsequently used to trial
the rubric in practice. We reformulated the indicators, adjusted
the weightings, inductively added more indicators, and revised
examples of the individual indicators in the coding manual. To
increase objectivity, the reformulations served to operationalize
the indicators as clearly as possible considering the actual data
sets. This clarified any formulations that were misleading or open
to interpretation. An indicator was reweighted if its frequency of
use in the SGEVA review was associated with an excessively high
or low influence on the grading of the criterion since this would
bias the assessment.

Indicators could be included if they were not explicitly
mentioned in the reviews but had a significant impact on teaching
quality in practice. An example is the distinction between essential
and non-essential technical terms in the subcategory of content
structuring or the appropriateness of time allocation to the learning
objectives. The rubric comprises the three categories of TPACK,
PCK, and TPK (see Table 2), broken down into a total of seven
subcategories. While four of these were sufficiently differentiated,
three were further divided into three to four criteria each, resulting
in a total of fourteen criteria. By assigning approximately five
observable indicators, the classification of these criteria was based
on the data sets (written lesson plans, video-recorded lesson
observations, and transcribed lesson reflection interviews).

3.7. Reliability

The reliability of the instrument was assessed via two measures.
The Cohen’s Kappa of the instrument across all three datasets was
0.704, indicating a substantial inter-rater agreement (Landis and
Koch, 1977). To measure inter-rater-reliability that included the
grading process, the criteria levels were calculated based on the
weighting of each indicator and measured using ICC. The resulting
value of 0.873 indicated good overall reliability (Koo and Li, 2016,
see Table 3).

4. Discussion and conclusion

The overall objective of this study was to develop and
validate an instrument for assessing PSSTs enacted TPACK based
on planning, implementation, and reflection on a lesson using
SGEVA. This objective raised questions about the development and
construction of existing instruments assessing the enacted TPACK

of science teachers and about the criteria for judging successful
teaching with SGEVA in science classes.

4.1. Review of enacted TPACK
instruments

We screened 21 articles describing instruments for measuring
enacted TPACK, identifying 16 different rubrics. Taking the
bibliographic data into account, we observed an increase in the
development of instruments for enacted TPACK assessment, in line
with Wang et al. (2018). Nevertheless, there was a clear shortage of
rubrics designed to measure and compare enacted TPACK using
multiple data sets. Although several authors indicated that their
rubrics could be applied to lesson reflections, none had used them
in this way. However, reducing the enactment of TPACK to only
one of the three phases of teaching (planning, implementation,
and reflection) excludes aspects potentially relevant to professional
development (Canbazoğlu Bilici et al., 2016; Willermark, 2018).
This is especially the case for the reflection of the lesson, as this is
considered central to the development of the teachers’ professional
competencies.

Most of the identified rubrics assessed TPACK on a rather
broad level with a lack of clear descriptions and were largely
undifferentiated. This requires graders to infer the precise meaning
of criteria and leads to a vague operationalization of the fuzzy
construct (Brantley-Dias and Ertmer, 2014; Willermark, 2018). To
situate the rubrics on specific conditions, supplementary literature
was consulted on focused DTM (TK), instructional approaches
(PK), or specific subject domains (CK). However, for none of the
situated rubrics identified in this review, the review process was
systematically documented. Additionally, the resulting categories
were rarely mapped to the TPACK components. Given the lack
of conceptual fidelity (Wang et al., 2018), it seemed reasonable
to perform a situational mapping of the framework considering
focused situational conditions.

The rubric presented in this paper addresses these limitations
via its explicit design for application to planning, implementation,
and reflection on science classes using student-generated explainer
videos or animations. It operationalizes the TPACK construct via
clearly described indicators that are based on existing theory and
on empirical studies.

4.2. Review of SGEVA

To understand the focused use of DTM in this classroom
approach, we reviewed 38 articles that provided criteria for
assessing teaching with SGEVA in science classes. This process
allowed us to gather a set of relevant instructional criteria based
on the current literature.

The identified criteria were consistent with our theoretical
basis. In line with the ICAP model (Chi and Wylie, 2014)
the reviewed articles advocate for interactive as well as co-
constructive learning whereas scaffolding on different areas is
recommended consistent with the CLT (Sweller et al., 1998).
Aligning DTM use with learning objectives and course content
is described as a crucial factor in line with the TPACK
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TABLE 2 The structure of the EnTPACK rubric.

Categories (3) Sub-categories
(7)

Criteria
(14)

Indicators
(68)

Exemplary indicator

TPACK DTM aligned with content 6 indicators (TPACK–f.d.) The selected subject content shows spatial and/or temporal changes.

DTM aligned with learning objective 7 indicators (TPACK–z.b.) The lesson serves to consolidate or deepen a subject content that has already been taught.

PCK Content structuring Transparency of learning
objectives

4 indicators (PCK–i1.c.) The teacher formulates clear content requirements for the video/animation.

Focus on key aspects 5 indicators (PCK–i2.a.) The teacher emphasizes the importance of key aspects of the content.

Technical language 5 indicators (PCK–i3.b.) The teacher defines technical terms to be used in the video/animation.

Feedback 7 indicators (PCK–i4.a.) The teacher defines the feedback criteria.

Cognitive activation Authenticity 2 indicators (PCK–k1.a.) The video/animation is directed at a realistic audience.

Relevance 3 indicators (PCK–k2.b.) A relevant question or problem constitutes the basis of the video/animation creation.

Transfer 6 indicators (PCK–k3.d.) The teacher supports the students adequately with content-related issues.

TPK Cognitive load Use of DTM 5 indicators (TPK–b1.c.) The teacher introduces the students to the mandatory functions of the software.

Planning the SGEVA 6 indicators (TPK–b2.e.) The teacher provides the students with a template (e.g., a storyboard) for planning their video.

Group organization 4 indicators (TPK–b3.b.) The teacher reduces the group size to small groups (3–4 students).

Interactive learning 5 indicators (TPK–u.a.) The teacher encourages students to engage in content discussions.

Time allocation 3 indicators (TPK–z.b.) Students are allocated sufficient time to plan and create their videos or animations (at least
40 min).
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TABLE 3 Inter-rater reliability of the EnTPACK rubric at indicator and
category level across the different data sets.

Data set Cohen’s Kappa ICC

Planning 0.721 0.846

Implementation 0.723 0.848

Reflection 0.669 0.933

EnTPACK rubric 0.704 0.873

framework (Mishra and Koehler, 2006) as well as cognitively
activating students and structuring the content (Steffensky and
Neuhaus, 2018). The observable indicators were therefore firmly
grounded in the related theory.

4.3. The EnTPACK rubric

Taking into account models of teacher professionalization
(Baumert and Kunter, 2013; Stender et al., 2017) and
recommendations from enacted TPACK research (Yeh et al.,
2015; Pareto and Willermark, 2019), we designed the rubric for the
combined measurement of lesson planning, implementation, and
reflection using one instrument. This allows for a comparison of
TPACK at the different parts of teacher professional development,
providing comprehensive insights into PSSTs ability to effectively
integrate technology in their teaching practice and helping
to identify fractures in TPACK enactment. The identification
of fractures in TPACK enactment also paves the way for the
development of adapted content for teacher education that is
capable of bridging the theory-practice gap. The rubric thus
represents the first enacted TPACK instrument explicitly created
for that purpose. Furthermore, it is situated on a specific use
of DTM and science teaching approach under consideration of
central contextual factors, enabling the framework’s fuzzy facets
to be operationalized more precisely. In contrast to previous
approaches, we comprehensively and systematically reviewed the
literature for this purpose, obtaining a sample of 59 articles to
ensure the rubric was sufficiently grounded in the literature. In
addition, we tested and inductively extended the rubric using a
comprehensive case study, aligning the literature-based instrument
with real-world practice.

To improve measurement objectivity, we provide clear
descriptions of specific indicators for measuring the enacted
TPACK of PSSTs. Utilizing 68 observable indicators for the grading
of criteria renders the scoring process more objective than in
existing instruments.

In further steps, the EnTPACK rubric will be used to examine
how PSSTs apply their TPACK acquired (in a workshop) at the
university in real classroom practice at the levels of lesson planning,
implementation, and reflection. Several researchers highlight the
scarcity of existing knowledge on the enactment of TPACK (Mouza,
2016; Ning et al., 2022), as well as a lack of studies examining
TPACK enactment (Willermark, 2018). Accordingly, the developed
rubric shall contribute to generate insights into this transfer process
and to address the research gap.

The instrument’s high degree of differentiation, its systematic
grounding in theory and literature, the objective grading it

affords, and its comprehensive applicability to all three phases of
teacher professionalization (lesson planning, implementation, and
reflection) resulted in a highly complex instrument with many
advantages–although some limitations must also be mentioned.

4.4. Limitations

Researchers face the challenge of designing TPACK instruments
that are both valid and applicable to various settings, subjects,
etc., (Young et al., 2012). The EnTPACK rubric presented in this
paper represents a highly contextualized instrument based on an
elaborate development process. The final instrument is optimized
for its specific purpose, using SGEVA for teaching science content.
However, this limits its applicability to the use of other DTMs.
Transferable, as far as possible, are those indicators that do
not explicitly refer to SGEVA. Accordingly, the validity of the
instrument is restricted to the predefined conditions of use.

An upcoming task is to examine whether the rubric developed
for the target group of PSSTs is also suitable for in-service science
teachers. Also, developing and implementing the instrument
requires a substantial investment of time and resources. Due to the
complexity of the rubric a detailed coding manual as well as an
elaborated rater training become indispensable.

Furthermore, there is a certain risk of bias in the conducted
systematic reviews due to the restriction to the search engine google
scholar and due to the limitation to 1,000 search results within
the software “Publish or Perish.” Despite the comprehensive size
of google scholar, the inclusion of additional search engines and
databases without a limitation of search results could have led to
further results.

Finally, the EnTPACK rubric aims to address the use of SGEVA
to learn and reinforce science content. The DPACK framework
extends the professional knowledge of teachers by the aspect of
critical reflection on DTM as part of a digital culture. This is
not included in the our approach and should be considered more
strongly in a future revision.

4.5. Implications for researchers and
practitioners

The development of rubrics regarding TPACK is an elaborate
theory-based process. The development process outlined in this
paper can provide guidance to other researchers in developing
instruments for other areas of pre- and in-service teachers’
enacted TPACK. Given its applicability across lesson planning,
implementation, and reflection, the instrument includes all relevant
aspects of teachers’ professional development.

It hence allows to survey the individual level of knowledge
in planning, implementing, and reflecting on the use of DTM. In
addition, however, the instrument also facilitates the identification
of fractures between the levels. The identification of these fractures
is crucial for the development of teaching materials that allow
for a better fit between planning, implementation, and reflection
at the university.

For practitioners, the instrument provides a basis, consistent
with the current state of research, for how explainer videos can
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be incorporated into science lessons and what criteria to consider
when planning lessons and teaching with the SGEVA-approach. In
addition, pre-service and in-service teachers can use the instrument
to guide their self-reflection or peer-reflection with colleagues, thus
supporting their own professionalization. To make this possible,
the EnTPACK rubric will therefore be published in its entirety,
as well as the corresponding coding manual. Currently, both the
rubric and the coding manual are available on request from the
corresponding author. In the future, these will be made publicly
available via ResearchGate.
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