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Introduction: School closures during the Covid-19 pandemic hit educational
systems worldwide, forcing teachers to switch to digital learning settings. The
presented study aims to (a) adapt and evaluate scales on instructional quality in
digital settings, (b) describe instructional quality during the pandemic, and (c) to
identify predictive teacher competences.

Method: Data was assessed in a cross-sectional design via an online questionnaire
conducted in Oman and Germany simultaneously.

Results: Analyses of data from N =284 teachers in Oman and Germany revealed
mostly good psychometric parameters, differences in instructional quality
between both countries, and positive relations between teachers’ competences
and instructional quality.

Conclusion: The present study contributes to instrument development and to the
growing body of research, investigating teaching quality during the pandemic.

instructional quality, Covid-19 pandemic, teacher competences, digital teaching,
country comparison

1. Introduction

The COVID-19 pandemic created one of the most extensive disruption in education systems
in history (e.g., Reuge et al., 2021; Sing Yun, 2023). Teachers and students faced a set of barriers
that presented them with challenges and led to difficulties in achieving educational equality. The
transition from face-to-face learning to digital learning settings (in this paper synonymous for
e-learning, remote learning, distance education, home schooling or home education) made it
difficult for schools to reach all students. Asynchronous education in digital learning settings
has become one of the main options for learning (Goodrich et al., 2022). The associated
challenges and difficulties included technical challenges for teachers as well as students,
didactical challenges in terms of providing adequate learning materials and to monitor students’
learning processes and many more (Danjou, 2020; Ince et al., 2020; Shahat M. and Al-Amri,
2022; Shahat M. A. and Al-Amri, 2022).

As the pandemic spread, educational institutions in countries such as Oman and Germany,
having different cultural, educational and economic backgrounds, tended to activate digital
learning management systems, which allow for the management of all aspects of electronic
courses and thus enable collaborative work between teachers and learners. Oman used Google
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Classroom, a free open-source system, as its official platform, whereas
programs as Zoom, a closed-source system, or Microsoft Teams were
widely used in Germany for communicating with students. Neither of
these platforms were initially developed for content creation.
Furthermore, neither students nor teachers received adequate training
on how to use e-learning platforms correctly to achieve their goals
(Shahat M. and Al-Amri, 2022; Shahat et al., 2022). Comparing how
two different educational systems dealt with the pandemic-induced
challenges for instruction, contributes to better understand, how
educational disparities developed. While more and more research is
published on students’ varying educational success during the
pandemic within countries, yet little is known about differences in
digital learning settings between countries. In light of this global shift
to digital learning settings, it is necessary to better measure
instructional quality in digital learning settings as a factor contributing
to educational disparities during the pandemic. Following on from
current discourses in teaching research about the theoretical and
empirical structure of instructional quality and its relations to student
achievement, instructional quality has common as well as subject-
specific components (Schlesinger et al., 2018)—e.g., classroom
management as a general dimension of instructional quality and
cognitive activation as a more subject-specific dimension.

The present study meets this need by adapting existing
instruments for assessing instructional quality—mainly scales from
international large scale assessments (PIRLS), which were reliable in
different educational contexts—for the context of digital learning
setting and developing new scales, where needed. Furthermore, these
scales were evaluated in two different educational settings—comparing
instruction in Oman and Germany as examples of countries with
different cultural and educational backgrounds. Additionally, the
study takes into account subject-specificity of instruction, including
teachers’ focus domain (STEM and non-STEM subjects) in the
analyses. Finally, teachers’ competences were assessed and analyzed as
prerequisites for instructional quality.

2. Theoretical background

2.1. Teaching and learning with digital
media

In educational research, utilization-of-learning-opportunities
models are widely used to describe teaching and learning processes in
the classroom (e.g., Seidel, 2014). In these models (e.g., Lipowsky,
2006; Helmke, 2015), instruction is described as an interplay between
teachers’ learning offers and students’ utilization of those offers, which
are affected by individual characteristics—on both the student and
teacher sides—as well as contextual factors such as culture, school or
family. Relations between teachers, instruction, context and student
outcomes have been empirically shown in diverse subject domains
and school tracks (e.g., Holzberger et al., 2020). Hence, it seems
reasonable to assume that such models can also be used to describe
teaching and learning processes in digital learning settings, such as
those that occurred during the Covid-19 pandemic, when schools
were (partially) closed and students had to learn at home. Numerous
studies analyzing the circumstances of home schooling showed that
the situation was extremely stressful for teachers, students and parents,
and there is substantial evidence that educational disparities widened
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during the pandemic (Hammerstein et al., 2021). The aforementioned
models do not explicitly focus on the opportunities and challenges of
digital learning settings and hence may not be sufficient to explain
differences in teaching and learning processes during the pandemic.
The model of quality dimensions of media education in school is an
adaption of a general model for school effectiveness and school
development that focuses on teaching and learning with digital media
[Information and Communication Technologies (ICT)]. The model
differentiates between the input, process, and output levels (Lorenz
etal., 2019). Similar to utilization-of-learning-opportunities models,
the model of quality dimensions of media education considers
teachers as an important impact factor for teaching quality and
student outcomes. Additionally, this model identifies ICT-specific
context variables, such as technical infrastructure on the input level or
technical support and staff development on the process level.
Consequently, combining the teacher- and instruction-focused
utilization-of-learning-opportunities models with the ICT-specific
model of quality dimensions of media education could provide a
useful framework for investigating instructional quality in digital
learning settings and its predictors. In summary, we propose the
model, displayed in Figure 1, as a framework for the presented study.

2.2. Instructional quality in digital teaching
and learning settings

As displayed in Figure 1, instruction plays an essential role for
educational outcomes in school. When describing and analyzing
instruction and its effects on student outcomes, there is a distinction
between the surface structure, the visible organization of a lesson, and
the deep structure, the invisible interaction between teachers and
students where learning processes take place (e.g., Oser and Baeriswyl,
2001). During the Covid-19 pandemic, instructional settings within
the surface structure differed immensely between schools, regions,
and countries. One major distinction is the teaching setting, whether
instruction was held synchronously, for example via live video
conferences; asynchronously, where the teacher provided the learning
material and the students learned individually at home; or in a hybrid
format, combining synchronous and asynchronous teaching (Sahin
et al., 2020). As empirical studies in various domains and across
school forms have shown, deep structure characteristics of instruction
are associated with successful learning processes and student
outcomes (Kyriakides et al, 2013; Khampirat, 2021). Widely
established models describe three basic dimensions of instructional
quality (Pianta and Hamre, 2009; operationalization for this paper:
Klieme and Rakoczy, 2008): (1) Cognitive activation (e.g., elaborating
thinking processes or providing tasks with multiple solutions; Chi and
Wrylie, 2014; Schmid et al., 2022), (2) classroom management and
structure (e.g., establishing effective routines or providing a clear
structure; Oser and Baeriswyl, 2001; Lester et al., 2017), and (3) a
supportive learning climate (e.g., one that meets students’ basic
psychological needs - autonomy, competence, and relatedness; Griffin,
2016; Ryan and Deci, 2020). It seems reasonable that these deep-
structure characteristics are also relevant for successful teaching and
learning processes in digital settings. However, the questions of how
to measure these characteristics in digital learning settings and of how
these characteristics were realized in synchronous and asynchronous
teaching settings during the Covid-19 pandemic in different countries
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FIGURE 1
Model for teaching and learning in digital learning settings.

remain unanswered. As instructional research suggests, there are
subject specific components of instructional quality. In the presented
study, we differentiated between STEM and non-STEM domains, due
to differences in instructional methods and subject-specific
components of instructional quality.

2.3. General teaching conditions in Oman
and Germany

Before addressing the question of how to measure instructional
quality itself, the context of digital teaching processes need
clarification, especially when comparing two countries with different
educational systems. Besides teacher competences and their education,
the general teaching conditions impact instructional practice. In
Oman, teachers in elementary school (Cycle 1, Grades 1-4) specialize
in teaching both science and mathematics subjects and are known as
“teachers of a second field” Specialized teachers of Arabic, English and
social studies are called “teachers of the first field” In schools, female
teachers teach all students in cycle 1. However, beginning in Cycle 2,
grades 5-10, male and female students are taught in separate schools,
by teachers of both sexes in lower secondary school and by teachers
of the same sex only in upper secondary school (Cycle 3, grades
11-12). In Cycle 2, science is taught as an integrated subject until
eighth grade. From grades 9-12, science is separated into
sub-disciplines (physics, chemistry, biology), which are taught only by
teachers specializing in physics, chemistry or biology, respectively. The
average class size in public lower secondary schools is 29 students,
while the class size in upper secondary schools is 28 [Ministry of
Education-Oman (MOE), 2021]. An Omani science teacher typically
teaches 24 science lessons each week to different classes. The language
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of instruction for all public school classes is Arabic. Over the past few
decades, the Omani education system has experienced significant
reforms, at least partially because students have not demonstrated
strong achievement on large-scale assessments such as TIMSS 2007-
2019 (Mullis I. V. S. et al,, 2020). A recent study in Oman identified
one of the weaker aspects of students’ performance in TIMSS to
be their ability to apply their prior knowledge to new situations and
relate science to everyday natural phenomena (Ohle-Peters et al.,
2022). The proposed reforms included developing new science and
mathematics curricula through an agreement with Cambridge
University Press in 2017 [Ministry of Education-Oman (MoE), 2020].
The new Cambridge curricula, implemented in 2018, were designed
to address concerns in four content areas: scientific inquiry, biology,
chemistry, and physics (Shahat et al., 2022). These curricula differ
from previous curricula in Oman by providing a structure for teaching
and learning and offering ways to assess students’ ability and
understanding. Moreover, the curricula were adapted to Omani
culture and its Islamic nature. The MOE supports teachers who teach
the new curricula. The Specialist Centre for Professional Training of
Teachers at the MOE teaches them instructional methods for content
and assessment (Specialized Institute for Professional Training of
Teachers, 2020). Hence, the presented study takes the potential special
role of science and mathematics instruction with respect to teacher
education programs into account.

In German schools, boys and girls are not separated at all, nor is
there any specified gender division among teachers (Schulte, 2017).
Furthermore, religion and education are considered separate; religion
is taught as a school subject. In elementary school (grades 1-4, or
1-6 in two federal states), students have a class teacher who teaches
most lessons (Porsch, 2016). Furthermore, science is taught as a
comprehensive subject, combining different scientific perspectives in
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a topic-focused way. In lower secondary school (grades 5 or 6 to 10)
as well as upper secondary school (grades 11-13), each subject is
taught by a specialized teacher and natural sciences are taught as
distinctive subjects, all of which are considered “core subjects” In
upper secondary school, students attend different subject courses and
no longer spend the full day with the same group of students. The
language of instruction for all classes in regular public schools in
German. Due to differences in education systems, the science
education context, and teacher preparation, a cross-cultural
comparison could potentially contribute to better understanding the
quality of digital science instruction during the Covid-19 pandemic
(Shahat M. and Al-Amri, 2022). To our knowledge, there is no study
comparing IQDLSs between Oman as an example of an Arab country
and Germany as an example of a European country.

2.4. Teacher competences as prerequisites
for instructional quality

An essential prerequisite for instructional quality is teacher
competence (Kunter et al., 2013; Darling-Hammond, 2021; see model
in Figure 1). As theories and empirical evidence from various domains
show, teachers need cognitive as well as affective competences to
provide adequate learning material and engage in adaptive teaching
(e.g., Blomeke et al., 2016; Fauth et al., 2019; Voss et al., 2022). In the
context of digital learning settings, teachers technological pedagogical
content knowledge (TPACK) is an essential aspect of teachers’
professional knowledge (Mishra and Koehler, 2006; Scherer et al.,
2017). TPACK includes knowledge about concepts concerning
technology, about pedagogical techniques for using technologies, and
about difficulties students might run into when learning with
technology (Mishra and Koehler, 2006). Thus, TPACK is considered
a “basis of good teaching with technology” (Mishra and Koehler, 2006,
p- 1029). There is some, but still scarce, empirical evidence
underpinning this assumption by demonstrating the relevance of
teachers’ TPACK for instruction and student outcomes (Harris et al.,
2017; for TPK during the Covid-19 pandemic: Konig et al., 2020).
Besides professional knowledge, teachers’ attitudes are another vital
component of teachers’ competences (Baumert and Kunter, 2013).
Attitudes (e.g., regarding the usefulness of digital teaching) are highly
subjective implicit conceptions and part of teachers’ value
commitments (Pajares, 1992). Teachers attitudes toward the
usefulness of a teaching approach or a learning goal impact teachers’
performance in the classroom in ways that are often unconscious;
attitudes and their
instructional practice have been found in various empirical studies
(Thibaut et al., 2018; for digital teaching: Skantz-Aberg et al., 2022).
Another core dimension of teachers’ professional competence is their

nevertheless, relations between teachers’

intrinsic motivation, e.g., for (digital) teaching (Kunter et al., 2011).
Intrinsically motivated persons act with high internal self-regulation
and, e.g., teach for the joy of teaching and not just because they are
paid to do so or for other external reasons (see Deci and Ryan, 2000).
Teachers’ intrinsic motivation for teaching is positively associated with
their performance (Patrick et al., 2000) as well as student outcomes
(Keller et al., 2017).

The question of whether these dimensions of teachers’ professional
competence were also related to instructional quality in digital
learning settings during the Covid-19 pandemic remains unanswered.
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3. Research questions and hypotheses

Consequently, the project aims were to (a) develop/adapt items to
assess IQDLSs that are reliable in different educational and cultural
contexts, (b) investigate differences in IQDLSs between different
school forms, while including teacher demographics as control
variables, (c) analyze differences in instructional quality between
Oman and Germany, and (d) investigate the relations between teacher
competences (TPACK, attitudes, and intrinsic motivation) and
IQDLSs. Concretely, four research questions (RQ) and hypotheses (H)
guided the present study:

RQ I: How good is the instruments’ quality for assessing
instructional quality in digital learning settings?

RQ 2:Ts there a relation between instructional quality and school
form (a) and are the effects stable when teachers’ demographics
are considered as predictors as well (b)?

H2: Against the background of high student heterogeneity in
elementary school/Cycle 1 in both countries, we assume it is easier
for secondary school teachers to adapt to their students’ needs and
hence provide better instructional quality. Empirical findings on
the impact of teachers’ demographics on instructional quality is
heterogeneous we do not state directed hypotheses.

RQ 3: What differences in IQDLSs can be found between Oman
and Germany?

H3: Due to the lack of empirical evidence and theories on
pandemic-era instruction, we do not state a directional hypothesis
on country-specific differences.

RQ 4: How is IQDLSs associated with teachers’ (a) technological
pedagogical content knowledge, (b) attitudes toward the
usefulness of digital teaching, and (c) intrinsic motivation for
digital teaching?

H4: Based on the model of teaching and learning in digital
learning settings (Figure 1) and previous empirical findings,
we expect positive relations between instructional quality
measures and teachers’ TPACK, attitudes toward the usefulness of
digital teaching, and intrinsic motivation.

4. Methods
4.1. Design and sample

Data was assessed in a cross-sectional design between May and
July 2021 via an online questionnaire conducted in Oman and
Germany simultaneously. In Oman, the questionnaire was distributed
to teachers via Google Forms after getting official permission from the
Omani Ministry of Education. In Germany, the questionnaire link was
distributed via the homepage of the Center for Research on Education
and School Development (IFS) and social media (Facebook).
Participation was voluntary and teachers could quit at any time.

frontiersin.org


https://doi.org/10.3389/feduc.2023.1244548
https://www.frontiersin.org/journals/education
https://www.frontiersin.org

Ohle-Peters and Shahat

TABLE 1 Sample.

10.3389/feduc.2023.1244548

School form Gender Teaching Focus Domain
(% elementary/ (% female experience (% science or
lower secondary/ teachers) (in years, M [SD]) mathematics)
upper secondary)
Oman 141 2.1/60.3/37.6 53.2 14.67 (6.99) 37.6
Germany 143 23.1/20.3/56.6 83.9 17.21 (10.57) 44.8

Significant differences between Omani and German sample in teachers’ gender and teaching experience.

Personal data from this casualty sample was pseudonomised, reducing
the risk of influencing teachers’ answers by social desirability. A total
of 290 teachers from the two countries filled out the questionnaire
completely. Six German teachers from special needs schools were
excluded from later analyses, since there were no counterparts in the
Omani sample. Hence, the final sample included N=284 elementary,
lower secondary and upper secondary teachers. The sample statistics
are displayed in Table 1.

At the time of data collection, 17% of schools in Oman were shut
down, 67% were partially open, and 16% of schools were fully open.
In Germany, 10% of schools were shut down, 37% were partially open,
and 53% were fully open. 13% of Omani teachers reported that
instruction during periods of pandemic-related school closures was
mainly synchronous (20% in Germany), 14% mostly taught
asynchronously (3% in Germany), and 73% reported a hybrid
approach, combining synchronous and asynchronous teaching (77%
in Germany). In order to control for potential differences between
STEM teachers and other teachers (due to different teaching methods
and curricular reforms in Oman), teachers had to choose one domain
on which to focus when filling in the questionnaire.

4.2. Instruments

At the beginning of the questionnaire, teachers were asked about
their demographic background, the conditions at their schools
regarding digital learning, software use, and digital support and which
domain they would like to refer to when answering the questions
about instructional quality.

4.2.1. Instructional quality in digital learning
settings

To assess IQDLSs, established instruments from previous studies
were adapted to match the context and differentiate between
asynchronous and synchronous instruction and new items were
developed, where needed. In the prompt, teachers were asked to think
about instruction in the focus domain they chose (science/
mathematics or other). Altogether, the questionnaire consisted of 10
scales measuring different aspects instructional quality. Table 2
provides an overview of the instructional quality scales.

4.2.2. Teacher competences

Similarly, established instruments using four-point Likert-scales
from 1 “Applies not at all” to 4 “Applies completely” were used to
measure teacher competences. Teachers’ technological pedagogical
content knowledge (TPACK) was assessed with five items (Schmidt
et al, 2009; e.g., “I can teach lessons that appropriately combine
literacy, digital media, and teaching approaches”; Cronbach’s
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AlphaOman=0.94; Cronbach’s AlphaGermany=0.90). The scale
measuring teachers’ attitudes toward the usefulness of digital teaching
consisted of four items (Gebauer et al., 2013; e.g., “Students benefit
from digital teaching and learning settings regarding their acquisition
of general knowledge”; Cronbachs AlphaOman =0.84; Cronbach’s
AlphaGermany=0.84). Teachers™ intrinsic motivation to teach in
digital learning settings was assessed with four items (McElvany et al.,
2012; Gebauer et al., 2013; e.g., “Teaching in digital teaching and
learning settings is a positive challenge for me”; Cronbach’s
AlphaOman=0.89; Cronbach’s AlphaGermany=0.94).

All items were translated from German into English and Arabic
and back (see Kahveci et al., 2018). Researchers from both countries
(Arabic and German native speakers) discussed the meaning of items
in the original version and back translation to ensure comparability of
the Arabic and German instruments.

4.3. Analyses

Sample statistics, reliability and descriptive results were computed
in SPSS 28 (IBM Corp., 1989-2021), the analyses testing measurement
invariance and answering the research questions were conducted in
Mplus 8.6 (Muthén and Muthén, 1998-2021). For answering research
question 1, first, the reliability of all instructional quality scales was
tested for each country. In a second step, the measurement invariance
was tested for a subsample of instructional quality scales, due to sample
size and model complexity. In a semi-exploratory process, scales were
selected to cover all three dimensions of instructional quality and to
yield empirically distinguishable factors. Confirmatory factor analyses
supported a five-factor model in both countries, including scales
covering all three basic dimensions of instructional quality: (1) cognitive
activation in synchronous settings, structure in (2) synchronous and (3)
asynchronous settings, (4) routines, and (5) considering students’ need
for competence (see test for configural invariance in the results section).
For testing measurement invariance of instructional quality as well as
teacher competences, we used a sequential constraint imposition
approach for CFA models (Dimitrov, 2010). After analyzing models for
configural invariance for each country (pattern of model parameters are
the same in both samples), a baseline model is specified using multi-
group comparisons, with a fixed factorial structure and no parameter
constrains. To test metric invariance (factor loadings are equivalent in
both samples), the baseline model was compared to Model 1, where
factor loadings were constrained to be equal between Oman and
Germany. To test scalar invariance (factor loadings and indicator means
are equivalent in both samples), Model 1 was compared to Model 2,
where factor loadings and intercepts were constrained between groups.
For teachers’ competence, partial scalar invariance was reached as well
by lifting the equality constraints for the factor loadings of two items.
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TABLE 2 Scales for assessing IQDLS.

10.3389/feduc.2023.1244548

Scale Nitems Example item Source

Cognitive activation in synchronous settings* 4 Regarding synchronous teaching situations (e.g., via video Hufmann et al,, 2017;
conferences): I often ask students to explain their answers Self-development

Cognitive activation in asynchronous settings® 5 Regarding asynchronous teaching situations (e.g., written Hufimann et al., 2017;
assignments): I provide tasks, allowing for more than one solution Self-development

Individualization in synchronous settings® 6 Regarding synchronous teaching situations (e.g., via video Hufimann et al,, 2017
conferences): I allow fast-learning students to proceed to the next
tasks, while slow-learning students still practice and recapitulate

Individualization in asynchronous settings® 4 Regarding asynchronous teaching situations (e.g., written Huflmann et al., 2017
assignments): I provide students with different tasks, according to
their achievement level

Structure in synchronous settings® 3 Regarding synchronous teaching situations (e.g., via video Hufimann et al., 2017
conferences): In the beginning, I clarify the lessons topic

Structure in asynchronous settings® 3 Regarding asynchronous teaching situations (e.g., written Self-development
assignments): I take care that students know, which tasks they
should work on in a certain period of time

Routines® 6 There are regular dates, when I provide students with new Self-development
assignments

Support for need for autonomy* 5 I provide students a choice between different meaningful tasks Self-development

Support for need for competence® 4 While teaching in digital teaching and learning settings, I encourage | Hufimann et al.,, 2017
students, when working on difficult tasks

Support for need for social relatedness® 5 While teaching in digital teaching and learning settings, I actively BiSS-study (Ohle-Peters
take care that every student feels related to the class group et al., 2021); self-

development

“Four-point Likert-scale from 1 “Applies not at all” to 4 “Applies completely,” prompt: “To what extend do you agree with the following statements about your teaching in digital teaching and

learning settings?”.

"Four-point Likert-scale from 1 “Never or almost never” to 4 “always or almost always,” prompt: “How often do following aspects occur in your digital teaching and learning settings?”.

TABLE 3 Model comparisons for testing measurement invariance for teacher competence scales.

CFI RMSEA » df ING Adf p
Teacher competences
Configural Oman 0.969 0.07 106.40 62 - - -
Configural Germany 0.991 0.04 73.75 62 - - -
Baseline model 0.979 0.06 180.15 124 - - -
Model 1 (partial metric 0.977 0.06 193.42 132 13.27 8 0.10
invariance)®
Model 2 (partial scalar 0.975 0.06 208.46 140 15.04 8 0.06
invariance)®

*Intercorrelation between two items.
Equality constraints lifted for two items.

Table 3 provides an overview of the model comparisons for
teacher competences.

To answer Research Question 2, structural equation models (SEM)
were specified with multiple latent dependent variables (instructional
quality measures) and school type as a manifest predictor (Model 1),
and then again including teacher demographics (Model 2) in order to
test the stability of a potential school effect. In Model 3, country was
added as a dummy variable (0=Germany, 1 =0Oman) to test whether
additional variance is explained by the country context (Research
Question 3). SEM were also specified to answer Research Question 4
separately for Oman and Germany. Due to model complexity and
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sample sizes, path coefficients reaching a 10% level of significance are
reported as well as direct and indirect effects. As mentioned above, there
were no missing values in the dataset.

5. Results
5.1. Descriptive results

Descriptive results showed that, in general, teachers in both
countries report rather high instructional quality in the digital
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TABLE 4 Means, standard deviations and bivariate correlations between instructional quality (1-5) and teacher competences (6—8) for Oman (above

diagonal) and Germany (beneath diagonal).

M (SD) M (SD) 1 p) 3 4 5 6 7 8
Oman Germany
1. Cognitive 2.69 (0.96) 3.19 (0.90) - 0.47* 0.50%* 0.41% 0.44* 0.28%* 0.13 0.24*
activation in
synchronous
settings
2. Structure in 3.44 (0.80) 3.41 (0.85) 0.67* - 0.69% 0.66* 0.78% 0.33* 0.22% 0.22%
synchronous
settings®
3. Structure in 3.11(0.77) 3.06 (0.78) 0.15 0.09 - 0.62* 0.67* 0.33% 0.28* 0.26*
asynchronous
settings®
4. Routines® 3.02 (0.66) 3.47 (0.44) 0.24* 0.22%* 0.28%* - 0.64* 0.33% 0.33% 0.21*
5. Support for 3.25(0.99) 3.66 (0.53) 0.21%* 0.24* 0.21%* 0.42% - 0.33% 0.24* 0.20*
need for
competence®
6. TPACK 2.89 (0.68) 2.88 (0.67) 0.30* 0.25 06 0.16 0.18%* - 0.34* 46*
7. Attitude toward 2.76 (0.64) 2.46 (0.65) 0.09 0.01 0.13 0.19% 0.30% 0.22% - 0.57*
usefulness of
digital teaching
8. Intrinsic 2.90 (0.71) 2.71(0.82) 0.16 0.01 0.17%* 0.19% 0.32% 0.42% 0.62%* -
motivation for
digital teaching
#p<0.05.

learning setting. All means except teacher attitudes toward the
usefulness of digital teaching in Germany differed significantly from
the theoretical scale mean of 2.50; Bonferroni correction for multiple
t-tests taken into account. Table 4 displays descriptive results for
Omani and German teachers.

Bivariate correlations between instructional quality and teacher
competences were positive throughout, as expected, although the
coefficients were lower and less often significant in the German
compared to the Omani sample. Numerically, the results provided an
initial indication of differences between the two countries and
relations between instructional quality and teacher competences,
which needed to be confirmed via SEM.

5.2. Quality of instruments (RQ 1)

The internal consistency of IQDLS scales was good in both
countries, except for routines in the Omani sample and autonomy
support in the German sample, as displayed in Table 5.

Measurement invariance was tested for (1) cognitive activation in
synchronous settings, structure in (2) synchronous and (3)
asynchronous settings, (4) routines, and (5) considering students’
need for competence. Here, partial scalar invariance was reached by
lifting the equality constraints for four items (based on CFI
comparison; Cheung and Rensvold, 2002). This means that the
relations between latent factors and external variables as well as factor
means can be compared across countries (Dimitrov, 2010). Table 6
reports the results of model comparisons.
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5.3. Differences in instructional quality
between school forms (RQ 2)

SEM revealed that cognitive activation in synchronous learning
settings was positively associated with school level. Teachers from
secondary school reported a higher cognitive activation in their video
meetings with students or other synchronous teaching formats, than
teaches from elementary school. The effect was small, but stable even
when teacher demographics were added as predictors. For structure
in asynchronous settings, we found a negative relation with school
form, indicating that teachers of younger students took more care to
provide structure in tasks such as written assignments. When teachers’
demographics were included as exogenous variables, the effect was
smaller and no longer statistically significant. The results imply a
gender effect; female teachers, who were more predominant in
elementary schools, reported higher structure in asynchronous
settings. Furthermore, teachers’ gender was positively associated with
routines in digital learning settings and with considering students’
need for competence. Teaching experience was positively related only
to routines in digital learning settings; more experienced teachers put
more emphasis on routines in synchronous as well as asynchronous
settings. Finally, teachers who reported on a science domain or
mathematics reported higher cognitive activation in their digital
teaching. All results are displayed in Table 7. Concluding, we could
identify differences between school forms and its’ directions depends
on the aspects of instructional quality. Hence, the hypothesis that
secondary school teachers provided better instruction in digital
teaching (H2) could only be confirmed partially.
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5.4. Country-specific differences in
instructional quality (RQ3)

To answer Research Question 3, country was added as an
additional predictor variable (model 3, Table 5). The results showed
that additional variance could be explained by the country for all
aspects of instructional quality except for structure in synchronous
settings. Hence, we could identify country-specific differences.
Compared to Omani teachers, German teachers reported higher
cognitive activation in synchronous settings, provided more structure
in asynchronous settings, and put more emphasis on routines and
students’ need for competence in digital learning settings.

TABLE 5 Reliability of scales for assessing instructional quality (RQ 1).

Scale Nitems Cronbach'’s Alpha
Oman/Germany

Cognitive activation in 4 0.82/0.92

synchronous settings®

Cognitive activation in 5 0.86/0.79

asynchronous settings®

Individualization in 6 0.78/0.74

synchronous settings®

Individualization in 4 0.85/0.81

asynchronous settings®

Structure in synchronous 3 0.95/0.88

settings®

Structure in asynchronous 3 0.90/0.65

settings®

Routines® 6 0.59/0.87

Support for need for 5 0.87/0.68

autonomy*

Support for need for 4 0.94/0.87

competence®

Support for need for social 5 0.94/0.88

relatedness®

“Four-point Likert-scale from 1 “Applies not at all” to 4 “Applies completely,” prompt: “To
what extend do you agree with the following statements about your teaching in digital
teaching and learning settings?”.

"Four-point Likert-scale from 1 “Never or almost never” to 4 “always or almost always,”
prompt: “How often do following aspects occur in your digital teaching and learning
settings?”.

10.3389/feduc.2023.1244548

Nevertheless, the amount of explained variance for all five
instructional quality measures was low, indicating the existence of
stronger predictors, such as teacher competences, which was
addressed in closing.

5.5. Relations between teacher
competences and instructional quality
(RQ 4)

As shown in Figure 2, additional variance in instructional quality
was explained by teachers’ competences, mainly their technological
pedagogical content knowledge, in both countries. The better teachers
knew, how to use technology for their teaching, the better was their
instructional quality. Furthermore, teachers’ attitudes toward the
usefulness of digital teaching were positively related to establishing
routines in digital learning settings in the Omani sample. So, teachers,
who value digital teaching put more emphasis on well structured
interactions with students, than teachers, who find digital teaching less
useful. In both countries, teachers’ intrinsic motivation for digital
teaching was positively associated with the consideration of students’
need for competence in digital learning settings. The more teachers
were motivated to teach in digital learning settings, the more they
reported to invest in providing competence-oriented feedback to their
students. The direct effects of school form, teachers’ gender, teaching
experience, and subject domain (STEM vs. non-STEM) differed
between countries, but in general, teaching experience and subject
domain tended to exhibit relations with instructional quality. The
hypothesis, that teachers’ competence is associated with their
instructional quality was partially supported by our data (H4).

In the reported model, intercorrelations between latent instructional
quality variables were allowed; correlation coefficients were 0.38 < <0.88
(Oman) and —0.06 < <0.70 (Germany); due to space limitations, they
are not displayed in this figure. For Oman, we found indirect effects of
teachers’ subject domain via teachers’ TPACK on (a) cognitive activation
(p=0.06, p<0.10), (b) structure in asynchronous settings ($=0.06,
p<0.10), (c) structure in synchronous settings ($=0.08, p<0.05), (d)
routines ($=0.08, p<0.05), and (e) consideration of students’ need for
competence ($=0.08, p <0.05). In the German sample, we found indirect
effects of school form via teachers’ TPACK on (a) cognitive activation
(p=0.10, p<0.05), (b) structure in asynchronous settings ($=0.11,
p<0.10), (c) structure in synchronous settings (=0.08, p <0.05), and (d)
routines (=0.04, p<0.10).

TABLE 6 Model comparisons for testing measurement invariance for instructional quality scales (RQ 1).

CFI RMSEA 2 df IN% Adf p
Instructional quality
Configural Oman 0.932 0.09 271.93 124 - - -
Configural Germany 0.966 0.05 164.05 124 - - -
Baseline model 0.938 0.08 458.61 253 - - -
Model 1 (partial metric 0.939 0.07 465.43 264 6.82 11 0.81
invariance)®
Model 2 (partial scalar 0.935 0.08 487.86 270 22.43 6 0.00
invariance)®

“Intercorrelation between two items.
"Equality constraints lifted for four items.
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=0.93,

Oman; model 1: CFI

Germany, 1

science or mathematics; country: 0=

other, 1

female; focus domain: 0=

male, 2=

433.70, df:

upper secondary school; teacher’s gender: 1

lower secondary school, 3=

elementary school, 2=

284 teachers; school form: 1=

#*p<0.05 N
RMSEA

=188.

0.07, y*=

175; model 3: CFI=0.93, RMSEA =

0.05, y*=319.18, df=

0.95, RMSEA =

138; model 2: CFI=

0.07, *=344.36, df =

10.3389/feduc.2023.1244548

6. Discussion

The Covid-19 pandemic had a huge impact on school systems
worldwide. All of a sudden, teachers and students were forced to adapt
to digital teaching and learning settings as schools shut down. In the
wake of this shift, more and more studies are emerging investigating
the circumstances and consequences of digital teaching (or “home
schooling” or “remote teaching”). The presented study focuses on
quality of instruction during the Covid-19 pandemic using data from
two countries with different educational and cultural backgrounds:
Oman and Germany. The overarching research goal was to adapt and
develop instruments to investigate instructional quality in digital
learning settings and predictors, including school form, teacher
demographics, country, and teacher competences. The first research
question addressed the quality of instruments to assess IQDLS in both
countries. Analyses, testing for internal consistency and measurement
invariance, revealed that the adapted scales were suitable for assessing
instructional quality in digital learning settings in Oman and
Germany. Assuming that digital learning settings will become more
relevant in the future, having reliable and invariant instruments for
measuring instructional quality is a valuable contribution to research
and evaluation of instruction. The second research question focused
on the relation between teachers’ self-reported instructional quality
and school form. Results from structural equation models revealed
small significant effects of school form on cognitive activation in
synchronous learning settings and structure in asynchronous settings.
When adding teachers’ demographics as predictor variable, school
form is only a significant predictor for cognitive activation in
synchronous settings. Furthermore, the amount of explained variance
was low; hence, there are stronger predictors of instructional quality
in digital settings than school form, teachers’ gender, teaching
experience or subject domain (STEM vs. non-STEM). These
heterogeneous results are not in line with our hypotheses. A possible
explanation is potential variance in instructional practices during
school closures, differences in further contextual conditions (e.g., ICT
support) at school, and other factors that might influence teachers’
ability to master teaching in digital settings (Konig et al., 2020). In
Germany, teachers reported an increase of ICT support in schools
(especially since the pandemic), but there is still room for
improvement (Lorenz et al., 2022). In Oman, teachers also reported
significant support for ICT at schools after the pandemic, especially
in the fields of training, awareness, and utilization (Shahat M. A. and
Al-Amri, 2022). Another contextual factor, contributing to
instructional quality is teacher collaboration, which might
be especially relevant in such an extreme situation as the pandemic.
In Germany, empirical studies indicate, that teachers cooperate on
rather low levels (e.g., just exchanging working materials) and they
seldom work together in collaborative ways (e.g., working on common
problems, such as dealing with digital teaching) (e.g., Ohle-Peters,
2020). In Oman, teachers demonstrated varying levels of cooperation,
primarily limited to basic tasks like exchanging working materials.
However, they occasionally engage in collaborative efforts, such as
jointly planning instructional situations and exploring new styles of
digital teaching (Shahat M. and Al-Amri, 2022). The third research
question addressed country differences in instructional quality. The
analyses showed differences in cognitive activation in synchronous
settings, structure in asynchronous settings, routines and supporting
students’ need for competence in favor of the German sample. This is
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Structural equation model of teacher competences and instructional quality (RQ 3) in Oman/Germany.

contrary to results from the latest TIMSS study, where students from
Oman reported that their mathematics and science lessons were more
clear than students from Germany (Mullis I. et al., 2020). Of course,
one has to keep in mind, that—in contrast to TIMSS 2019—the data
in the presented study concerns teachers’ self-reports with respect to
digital learning settings during an exceptional educational situation.
It would be beneficial to have student reports on how they perceived
instructional quality during the pandemic, as they might differ from
teachers’ self-reported instruction. Another important factor
influencing instructional quality is teacher competences. In line with
other studies (e.g., Mayer and Girwidz, 2019; Li et al., 2021), the
results for the fourth research question indicated that teachers’
technical pedagogical content knowledge (TPACK) was positively
related to instructional quality in both countries. Furthermore,
teachers’ attitudes toward the usefulness of digital teaching and their
intrinsic motivation for digital teaching showed positive relations to
instructional quality. Results from a recent study suggest that teachers’
motivational beliefs play an important role for applying technologies
in instruction (Backfisch et al., 2020).

6.1. Limitations

In the presented study, instructional quality and teacher
competences were assessed using teachers’ self-reports, which is
common for TPACK (Greene and Jones, 2020), but it might be biased
due to social desirability regarding the measurement of instructional
quality. Furthermore, there might be a positive selection bias resulting
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from the recruitment procedures and voluntary participation of
teachers (casualty sample). In future studies, the questionnaire could
be further optimized, since the scales did not achieve full scalar
invariance. Due to the given circumstances, data was only assessed
once in a cross-sectional design, so with this data, it is not possible to
describe any developments in digital teaching and learning during the
pandemic. Although the models did converge, the sample size is
rather small, so future studies should confirm the results with
more participants.

6.2. Implications for practice

This study’s principal contribution to the educational field is the
detailed description of a five-factor model in Oman and Germany,
including scales covering all three basic dimensions of instructional
quality: (1) cognitive activation in synchronous settings, structure in
(2) synchronous and (3) asynchronous settings, (4) routines, and (5)
considering students’ need for competence. These five dimensions
could be used as part of a diagnostic measure to identify strengths and
weaknesses related to digital learning settings. Such a measure might
help education officials when conducting needs analyses and training
teachers to teach in digital learning settings. Teachers could also use
peer assessments to investigate the strengths and weaknesses of each
other’s performances when teaching in digital settings. These reports
could then be used to document best practices for teaching science in
general or during pandemics like Covid-19 or future forms of digital
teaching in schools.
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Another implication of this study is that teachers’ curriculum
guides may need to include teaching models for digital teaching.
We recommend incorporating digital teaching in asynchronous and
synchronous settings into the curriculum in all grades to encourage
teachers to use these digital teaching skills effectively, not only in a
pandemic situation. Teachers may also need more professional
training regarding digital learning and may require additional
in-service training to foster their motivation and attitudes toward
digital teaching and to establish and enhance their capacity for digital
teaching in asynchronous and synchronous settings. Designing
workshops and/or training programs for teachers and their supervisors
could help to improve their digital learning competences.

6.3. Implications for research

The principal implication of this study for research is the use of
an instrument (IQDLSs), which partly consisted of established items
as well as newly developed ones, that demonstrated good
psychometric parameters in Oman and Germany and could be used
in other countries to describe IQDLSs and identify predictive factors.
We recommend replicating the study on a larger sample of teachers
in various school levels in different countries. Furthermore, the
impact of instruction and school-level specific teaching patterns on
students’ learning outcomes (Teig and Nilsen, 2022) in digital
learning settings is yet to be investigated. Further research might
involve a training intervention to assist teachers with digital teaching
during pandemic-like conditions in order to improve their
competence in the classroom. Furthermore, future studies should
investigate further relevant input variables, such as ICT equipment
and support in schools.

Data availability statement

The datasets presented in this article are not readily available
because participants did not consent to publish data. Requests to
access the datasets should be directed to annika.ohle-peters@
tu-dortmund.de.

References

Backfisch, I., Lachner, A., Hische, C., Loose, E, and Scheiter, K. (2020). Professional
knowledge or motivation? Investigating the role of teachers’ expertise on the quality of
technology-enhanced lesson plans. Learn. Instr. 66:101300. doi: 10.1016/j.
learninstruc.2019.101300

Baumert, J., and Kunter, M. (2013). “The COACTIV model of teachers” professional
competence” in Mathematics teacher education: v. 8. Cognitive activation in the
mathematics classroom and professional competence of teachers: Results from
the COACTIV project. eds. M. Kunter, J. Baumert, W. Blum, U. Klusmann, S. Krauss and
M. Neubrand (New York: Springer), 25-48.

Blomeke, S., Olsen, R. V., and Suhl, U. (2016). “Relation of student achievement
to the quality of their teachers and instructional quality” in IEA research for
education: Vol. 2. eds. T. Nilsen and J.-E. Gustafsson, Teacher Quality, Instructional
Quality and Student Outcomes, vol. 2 (Cham: Springer International Publishing),
21-50.

Cheung, G. W,, and Rensvold, R. B. (2002). Evaluating goodness-of-fit indexes for
testing measurement invariance. Struct. Equ. Model. Multidiscip. J. 9, 233-255. doi:
10.1207/S15328007SEM0902_5

Chi, M. T. H., and Wylie, R. (2014). The ICAP framework: linking cognitive
engagement to active learning outcomes. Educ. Psychol. 49, 219-243. doi:
10.1080/00461520.2014.965823

Frontiers in Education

11

10.3389/feduc.2023.1244548

Ethics statement

Ethical approval was not required for the studies involving
humans because not necessary according to current laws. The studies
were conducted in accordance with the local legislation and
institutional requirements. The participants provided their written
informed consent to participate in this study.

Author contributions

AO-P and MS: conception and design of the manuscript and
drafting the manuscript. MS: data collection Oman. AO-P: data
collection Germany and data analysis. All authors contributed to the
article and approved the submitted version.

Acknowledgments

We financial by  Deutsche

Forschungsgemeinschaft and Technische Universitit Dortmund/TU

acknowledge support
Dortmund University within the funding programme Open
Access Costs.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Danjou, P-E. (2020). Distance teaching of organic chemistry tutorials during the
COVID-19 pandemic: focus on the use of videos and social media. J. Chem. Educ. 97,
3168-3171. doi: 10.1021/acs.jchemed.0c00485

Darling-Hammond, L. (2021). Defining teaching quality around the world. Eur. J.
Teach. Educ. 44, 295-308. doi: 10.1080/02619768.2021.1919080

Deci, E. L., and Ryan, R. M. (2000). The “what” and “why” of goal pursuits: human
needs and the self-determination of behavior. Psychol. Inq. 11, 227-268. doi: 10.1207/
S15327965PLI1104_01

Dimitrov, D. M. (2010). Testing for factorial invariance in the context of construct
validation. Meas. Eval. Couns. Dev. 43, 121-149. doi: 10.1177/0748175610373459

Fauth, B., Decristan, J., Decker, A.-T., Biittner, G., Hardy, L, Klieme, E., et al. (2019).
The effects of teacher competence on student outcomes in elementary science education:
the mediating role of teaching quality. Teach. Teacher Educ. Int. J. Res. Stud. 86:102882.
doi: 10.1016/j.tate.2019.102882

Gebauer, M. M., McElvany, N., and Klukas, S. (2013). “Einstellungen von
Lehramtsanwirterinnen und Lehramtsanwiértern zum Umgang mit heterogenen
Schiilergruppen in Schule und Unterricht [Attitudes of teacher students towards
heterogeneous groups of students in school and instruction]” in Eine Verdffentlichung
der Arbeitsstelle fiir Schulentwicklungsforschung der Universitidt Dortmund. eds.

frontiersin.org


https://doi.org/10.3389/feduc.2023.1244548
https://www.frontiersin.org/journals/education
https://www.frontiersin.org
mailto:annika.ohle-peters@tu-dortmund.de
mailto:annika.ohle-peters@tu-dortmund.de
https://doi.org/10.1016/j.learninstruc.2019.101300
https://doi.org/10.1016/j.learninstruc.2019.101300
https://doi.org/10.1207/S15328007SEM0902_5
https://doi.org/10.1080/00461520.2014.965823
https://doi.org/10.1021/acs.jchemed.0c00485
https://doi.org/10.1080/02619768.2021.1919080
https://doi.org/10.1207/S15327965PLI1104_01
https://doi.org/10.1207/S15327965PLI1104_01
https://doi.org/10.1177/0748175610373459
https://doi.org/10.1016/j.tate.2019.102882

Ohle-Peters and Shahat

N. McElvany, M. M. Gebauer, W. Bos and H. G. Holtappels, Sprachliche, kulturelle und
soziale Heterogenitit in der Schule als Herausforderung und Chance der
Schulentwicklung: IFS-Jahrbuch der Schulentwicklung, 17 (Weinheim: Beltz), XX.

Goodrich, J. M., Hebert, M., and Namkung, J. M. (2022). Impacts of the COVID-19
pandemic on elementary school teachers” practices and perceptions across the spring
and fall 2020 semesters. Front. Educ. 6:793285. doi: 10.3389/feduc.2021.793285

Greene, M. D., and Jones, W. M. (2020). Analyzing contextual levels and applications
of technological pedagogical content knowledge (TPACK) in English as a second
language subject area: a systematic literature review. Educ. Technol. Soc. 23, 75-88.

Griffin, B. W. (2016). Perceived autonomy support, intrinsic motivation, and student
ratings of instruction. Stud. Educ. Eval. 51, 116-125. doi: 10.1016/j.stueduc.2016.10.007

Hammerstein, S., Konig, C., Dreisorner, T., and Frey, A. (2021). Effects of COVID-19-
related school closures on student achievement-a systematic review. Front. Psychol.
12:746289. doi: 10.3389/fpsyg.2021.746289

Harris, J. B., Phillips, M., Koehler, M. J., and Rosenberg, J. M. (2017). Editorial 33(3):
TPCK/TPACK research and development: past, present, and future directions. Australas.
J. Educ. Technol. 33, 1-8. doi: 10.14742/ajet.3907

Helmke, A. (2015). Unterrichtsqualitdit und Lehrerprofessionalitit: Diagnose, evaluation
und Verbesserung des Unterrichts [instructional quality and professional competences of
teachers: Diagnostics, evaluation, and improvement of instruction]. 6th Edn Seelze:
Kallmeyer in Verbindung mit Klett Friedrich.

Holzberger, D., Reinhold, S., Liidtke, O., and Seidel, T. (2020). A meta-analysis on the
relationship between school characteristics and student outcomes in science and maths
- evidence from large-scale studies. Stud. Sci. Educ. 56, 1-34. doi:
10.1080/03057267.2020.1735758

Huflmann, A., Wendt, H., Bos, W., Bremerich-Vos, A., Kasper, D., Lankes, E., et al,
(2017). IGLU 2016. Lesekompetenzen von Grundschulkindern in Deutschland im
internationalen Vergleich. Miinster: Waxmann.

IBM Corp. (1989-2021). IBM SPSS statistics for windows, version 28.0.1.0
[computer software].

ince, E. Y., Kabul, A., and Diler, 1. (2020). Distance education in higher education in
the COVID-19 pandemic process: a case of Isparta applied sciences university. Distance
Educ. 4

Kahveci, A., Kahveci, M., Mansour, N., and Alarfaj, M. M. (2018). Exploring science
teachers’ affective states: pedagogical discontentment, self-efficacy, intentions to reform,
and their relationships. Res. Sci. Educ. 48, 1359-1386. doi: 10.1007/s11165-016-9606-y

Keller, M. M., Neumann, K., and Fischer, H. E. (2017). The impact of physics teachers’
pedagogical content knowledge and motivation on students’ achievement and interest.
J. Res. Sci. Teach. 54, 586-614. doi: 10.1002/tea.21378

Khampirat, B. (2021). The impact of work-integrated learning and learning strategies
on engineering students’ learning outcomes in Thailand: a multiple mediation model of
learning experiences and psychological factors. IEEE Access 9, 111390-111406. doi:
10.1109/ACCESS.2021.3055620

Klieme, E., and Rakoczy, K. (2008). Empirische Unterrichtsforschung und
Fachdidaktik. Outcome-orientierte Messung und Prozessqualitit des Unterrichts
[empirical instructional research and subject didactics. Outcome-oriented measurement
and process quality of instruction]. Zeitschrift Fiir Pidagogik 54, 222-237.

Konig, J., Jager-Biela, D. J., and Glutsch, N. (2020). Adapting to online teaching during
COVID-19 school closure: teacher education and teacher competence effects among
early career teachers in Germany. Eur. J. Teach. Educ. 43, 608-622. doi:
10.1080/02619768.2020.1809650

Kunter, M., Frenzel, A., Nagy, G., Baumert, J., and Pekrun, R. (2011). Teacher
enthusiasm: dimensionality and context specificity. Contemp. Educ. Psychol. 36, 289-301.
doi: 10.1016/j.cedpsych.2011.07.001

Kunter, M., Klusmann, U., Baumert, J., Richter, D., Voss, T., and Hachfeld, A. (2013).
Professional competence of teachers: effects on instructional quality and student
development. J. Educ. Psychol. 105, 805-820. doi: 10.1037/a0032583

Kyriakides, L., Christoforou, C., and Charalambous, C. Y. (2013). What matters for
student learning outcomes: a meta-analysis of studies exploring factors of effective
teaching. Teach. Teacher Educ. Int. ]J. Res. Stud. 36, 143-152. doi: 10.1016/].
tate.2013.07.010

Lester, R. R., Allanson, P. B., and Notar, C. E. (2017). Routines are the Foundation of
Classroom Management. Education 137, 398-412.

Li, W, Gao, W,, Fu, W, and Chen, Y. (2021). A moderated mediation model of the
relationship between primary and secondary school teachers digital competence and
online teaching behavior. Front. Educ. 6:744950. doi: 10.3389/feduc.2021.744950

Lipowsky, E. (2006). “Auf den Lehrer kommt es an. Empirische Evidenzen fur
Zusammenhinge zwischen Lehrerkompetenzen, Lehrerhandeln und dem Lernen der
Schiiler [it depends on the teacher. Empirical evidence for relations between teacher
competences, teacher actions and student learning]” in Kompetenzen und
Kompetenzentwicklung von Lehrerinnen und Lehrern: Ausbildung und Beruf. Zeitschrift
fiir Pidagogik, 51. Beiheft. eds. C. Allemann-Ghionda and E. Terhart (Beltz), 47-70.

Lorenz, R., Endberg, M., and Bos, W. (2019). Predictors of fostering students’
computer and information literacy — analysis based on a representative sample of
secondary school teachers in Germany. Educ. Inf. Technol. 24, 911-928. doi: 10.1007/
510639-018-9809-0

Frontiers in Education

10.3389/feduc.2023.1244548

Lorenz, R., Heldt, M., and Eickelmann, B. (2022). Relevance of pre-service teacher
training to use ICT for the actual use in classrooms - focus on German secondary
schools. Tec. Ped. Edu. 31, 563-577. doi: 10.1080/1475939X.2022.2129772

Mayer, P, and Girwidz, R. (2019). Physics teachers’ acceptance of multimedia
applications—adaptation of the technology acceptance model to investigate the
influence of TPACK on physics teachers’ acceptance behavior of multimedia
applications. Front. Educ. 4:73. doi: 10.3389/feduc.2019.00073

McElvany, N., Schroeder, S., Baumert, J., Schnotz, W., Horz, H., and Ullrich, M.
(2012). Cognitively demanding learning materials with texts and instructional pictures:
teachers’ diagnostic skills, pedagogical beliefs and motivation. Eur. J. Psychol. Educ. 27,
403-420. doi: 10.1007/s10212-011-0078-1

Ministry of Education-Oman (MoE). (2020). Education in Oman. Ministry of
Education. Available at: https://home.moe.gov.om/?GetLang=en.

Ministry of Education-Oman (MOE) (2021). Annual = statistical

Ministry of Education.

report.

Mishra, P,, and Koehler, M. J. (2006). Technological pedagogical content knowledge:
a framework for teacher knowledge. Teach. Coll. Rec. 108, 1017-1054. doi:
10.1111/j.1467-9620.2006.00684.x

Mullis, I, Martin, M., Foy, P, Kelly, D., and Fishbein, B. (2020). TIMSS 2019
international results in mathematics and science. Chestnut Hill, MA: Boston College.

Mullis, I. V. S., Martin, M. O., Foy, P,, Kelly, D. L., and Fishbein, B. (2020). TIMSS 2019
international results in mathematics and science. Boston College, TIMSS & PIRLS
International Study Center. Available at: https://timssandpirls.bc.edu/timss2019/
international-results.

Muthén, L. K., and Muthén, B. O. (1998-2021). Mplus version 8.6 [computer software].

Ohle-Peters, A., (2020). Kooperation von Lehrkriften und Qualitit von Leseunterricht
in der Grundschule, in H. G. Holtappels, K. Lossen, A. Edele, F. Lauermann and N.
McElvany (eds) Verdffentlichungen des Instituts fiir Schulentwicklungsforschung: Vol. 21.
Kooperation und Professionalisierung in Schulentwicklung und Unterricht: Jahrbuch der
Schulentwicklung Band 21. Juventa Verlag, pp. 45-64.

Ohle-Peters, A., Igler, J., Schlitter, T., Teerling, A., Kéller, O., and McElvany, N. (2021).
Unterrichtsqualitit und intrinsische Lesemotivation im Kontext der bund-Lander-
initiative “Bildung durch Sprache und Schrift” (BiSS) [instructional quality, reading
comprehension, and intrinsic reading motivation in the context of the German initiative
“education through language andWriting” (BiSS)]. Z. Erzieh. 24, 861-882. doi: 10.1007/
s11618-021-01022-7

Ohle-Peters, A., Shahat, M. A., and Ambusaidi, A. K. (2022). Text-picture-material in
science education: a comparison of Omani and German teachers’ attitudes, motivational
orientations and self-regulatory skills. Educ. Stud. 1-20. doi: 10.1080/03055698.2022.2117542

Oser, F. K., and Baeriswyl, E J. (2001). Choreographies of teaching: bridging
instruction to learning, in V. Richardson.(ed) Handbook of research on teaching. 4th edn.
Washington, DC: AERA, pp. 1031-1065.

Pajares, M. F. (1992). Teachers’ beliefs and educational research: cleaning up a messy
construct. Rev. Educ. Res. 62, 307-332. doi: 10.3102/00346543062003307

Patrick, B. C., Hisley, J., and Kempler, T. (2000). “What’s everybody so excited about?”:
the effects of teacher enthusiasm on student intrinsic motivation and vitality. J. Exp.
Educ. 68, 217-236. doi: 10.1080/00220970009600093

Pianta, R. C., and Hamre, B. K. (2009). Conceptualization, measurement, and
improvement of classroom processes: standardized observation can leverage capacity.
Educ. Res. 38, 109-119. doi: 10.3102/0013189X09332374

Porsch, R. (2016). Fachfremd unterrichten in Deutschland: Definition - Verbreitung -
Auswirkungen. Die Deutsche Schule 108, 9-32. Available at: https://www.waxmann.com/
index.php?eID=download&id_artikel=ART101856&uid=frei

Reuge, N., Jenkins, R., Brossard, M., Soobrayan, B., Mizunoya, S., Ackers, J., et al.
(2021). Education response to COVID 19 pandemic, a special issue proposed by
UNICEEF: editorial review. Int. J. Educ. Dev. 87:102485. doi: 10.1016/j.ijedudev.2021.
102485

Ryan, R. M., and Deci, E. L. (2020). Intrinsic and extrinsic motivation from a self-
determination theory perspective: definitions, theory, practices, and future directions.
Contemp. Educ. Psychol. 61:101860. doi: 10.1016/j.cedpsych.2020.101860

Sahin, L, Shelley, M., and International Society for Technology, E. a. S. O. (2020).
Educational Practices during the COVID-19 Viral Outbreak: International Perspectives.
Available at: https://files.eric.ed.gov/fulltext/ED623115.pdf

Scherer, R., Tondeur, J., and Siddiq, E (2017). On the quest for validity: testing the
factor structure and measurement invariance of the technology-dimensions in the
technological, pedagogical, and content knowledge (TPACK) model. Comput. Educ. 112,
1-17. doi: 10.1016/j.compedu.2017.04.012

Schlesinger, L., Jentsch, A., Kaiser, G., Konig, J., and Blomeke, S. (2018). Subject-
specific characteristics of instructional quality in mathematics education. ZDM 50,
475-490. doi: 10.1007/s11858-018-0917-5

Schmid, R., Pauli, C,, Stebler, R., Reusser, K., and Petko, D. (2022). Implementation of
technology-supported personalized learning—its impact on instructional quality. J.
Educ. Res. Online 115, 187-198. doi: 10.1080/00220671.2022.2089086

Schmidt, D. A., Baran, E., Thompson, A. D., Mishra, P,, Koehler, M. J., and Shin, T. S.
(2009). Technological pedagogical content knowledge (TPACK). J. Res. Technol. Educ.
42,123-149. doi: 10.1080/15391523.2009.10782544

frontiersin.org


https://doi.org/10.3389/feduc.2023.1244548
https://www.frontiersin.org/journals/education
https://www.frontiersin.org
https://doi.org/10.3389/feduc.2021.793285
https://doi.org/10.1016/j.stueduc.2016.10.007
https://doi.org/10.3389/fpsyg.2021.746289
https://doi.org/10.14742/ajet.3907
https://doi.org/10.1080/03057267.2020.1735758
https://doi.org/10.1007/s11165-016-9606-y
https://doi.org/10.1002/tea.21378
https://doi.org/10.1109/ACCESS.2021.3055620
https://doi.org/10.1080/02619768.2020.1809650
https://doi.org/10.1016/j.cedpsych.2011.07.001
https://doi.org/10.1037/a0032583
https://doi.org/10.1016/j.tate.2013.07.010
https://doi.org/10.1016/j.tate.2013.07.010
https://doi.org/10.3389/feduc.2021.744950
https://doi.org/10.1007/s10639-018-9809-0
https://doi.org/10.1007/s10639-018-9809-0
https://doi.org/10.1080/1475939X.2022.2129772
https://doi.org/10.3389/feduc.2019.00073
https://doi.org/10.1007/s10212-011-0078-1
https://home.moe.gov.om/?GetLang=en
https://doi.org/10.1111/j.1467-9620.2006.00684.x
https://timssandpirls.bc.edu/timss2019/international-results
https://timssandpirls.bc.edu/timss2019/international-results
https://doi.org/10.1007/s11618-021-01022-7
https://doi.org/10.1007/s11618-021-01022-7
https://doi.org/10.1080/03055698.2022.2117542
https://doi.org/10.3102/00346543062003307
https://doi.org/10.1080/00220970009600093
https://doi.org/10.3102/0013189X09332374
https://www.waxmann.com/index.php?eID=download&id_artikel=ART101856&uid=frei
https://www.waxmann.com/index.php?eID=download&id_artikel=ART101856&uid=frei
https://doi.org/10.1016/j.ijedudev.2021.102485
https://doi.org/10.1016/j.ijedudev.2021.102485
https://doi.org/10.1016/j.cedpsych.2020.101860
https://files.eric.ed.gov/fulltext/ED623115.pdf
https://doi.org/10.1016/j.compedu.2017.04.012
https://doi.org/10.1007/s11858-018-0917-5
https://doi.org/10.1080/00220671.2022.2089086
https://doi.org/10.1080/15391523.2009.10782544

Ohle-Peters and Shahat

Schulte, T. (2017). Desirable science education: Findings from a curricular Delphi study
on scientific literacy in Germany. Wiesbaden: Springer.

Seidel, T. (2014). Angebots-Nutzungs-Modelle in der Unterrichtspsychologie.
Integration von Struktur- und Prozessparadigma [utilization-of-learning-opportunities
models. Integration of structure- and process-paradigms]. Zeitschrift fiir Pidagogik 60,
850-866.

Shahat, M. A., and Al-Amri, M. (2022). Faculty members’ viewpoints toward
challenges and suggested improvements of Moodle distance learning platform at Sultan
Qaboos University during the COVID-19 pandemic. Int. J. Res. Educ. 46, 144-181. doi:
10.36771/ijre.46.3.22-pp144-181

Shahat, M., and Al-amri, M. (2022). Assessing Sultan Qaboos University’s distance
learning experience in using Moodle platform in light of emerging coronavirus
pandemic from the faculty members’ point of view. Dirasat: Educ. Sci. 49, 316-329. doi:
10.35516/edu.v49i2.1041

Shahat, M. A., Ambusaidi, A. K., and AlBahri, K. H. (2022). Science teachers’
perceptions of pedagogical learning theories in relation to their classroom practices.
Eurasia journal of mathematics, science and technology. Education 18:em2172. doi:
10.29333/ejmste/12496

Frontiers in Education

13

10.3389/feduc.2023.1244548

Sing Yun, W. (2023). Digitalization challenges in education during COVID-19: a
systematic review. Cogent. Education 10:Article 2198981. doi: 10.1080/2331186X.
2023.2198981

Skantz-Aberg, E., Lantz-Andersson, A., Lundin, M., and Williams, P. (2022). Teachers’
professional digital competence: an overview of conceptualisations in the literature.
Cogent. Education 9:Article 2063224. doi: 10.1080/2331186X.2022.2063224

Specialized Institute for Professional Training of Teachers. (2020). Strategic training
programs targeting science teachers. Available at: http://havasapps.com/test/moe/ar/.

Teig, N., and Nilsen, T. (2022). Profiles of instructional quality in primary and
secondary education: patterns, predictors, and relations to student achievement and
motivation in science. Stud. Educ. Eval. 74:101170. doi: 10.1016/j.stueduc.2022.101170

Thibaut, L., Knipprath, H., Dehaene, W., and Depaepe, E. (2018). The influence of
teachers’ attitudes and school context on instructional practices in integrated STEM
education. Teach. Teacher Educ. 71, 190-205. doi: 10.1016/j.tate.2017.12.014

Voss, T., Zachrich, L., Fauth, B., and Wittwer, J. (2022). The same yet different?
Teaching quality differs across a teacher’s classes, but teachers with higher knowledge
make teaching quality more similar. Learn. Instr. 80:101614. doi: 10.1016/j.
learninstruc.2022.101614

frontiersin.org


https://doi.org/10.3389/feduc.2023.1244548
https://www.frontiersin.org/journals/education
https://www.frontiersin.org
https://doi.org/10.36771/ijre.46.3.22-pp144-181
https://doi.org/10.35516/edu.v49i2.1041
https://doi.org/10.29333/ejmste/12496
https://doi.org/10.1080/2331186X.2023.2198981
https://doi.org/10.1080/2331186X.2023.2198981
https://doi.org/10.1080/2331186X.2022.2063224
http://havasapps.com/test/moe/ar/
https://doi.org/10.1016/j.stueduc.2022.101170
https://doi.org/10.1016/j.tate.2017.12.014
https://doi.org/10.1016/j.learninstruc.2022.101614
https://doi.org/10.1016/j.learninstruc.2022.101614

	Differences in instructional quality during the Covid-19 pandemic between Oman and Germany and the role of teacher competences
	1. Introduction
	2. Theoretical background
	2.1. Teaching and learning with digital media
	2.2. Instructional quality in digital teaching and learning settings
	2.3. General teaching conditions in Oman and Germany
	2.4. Teacher competences as prerequisites for instructional quality

	3. Research questions and hypotheses
	4. Methods
	4.1. Design and sample
	4.2. Instruments
	4.2.1. Instructional quality in digital learning settings
	4.2.2. Teacher competences
	4.3. Analyses

	5. Results
	5.1. Descriptive results
	5.2. Quality of instruments (RQ 1)
	5.3. Differences in instructional quality between school forms (RQ 2)
	5.4. Country-specific differences in instructional quality (RQ3)
	5.5. Relations between teacher competences and instructional quality (RQ 4)

	6. Discussion
	6.1. Limitations
	6.2. Implications for practice
	6.3. Implications for research

	Data availability statement
	Ethics statement
	Author contributions

	References

