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Abstract: For the planning and implementation of lessons with digital technologies, a subject-specific
technology-related professional competence of teachers is of central importance. However, the
competency frameworks developed so far remain in a general perspective and do not explicitly
address subject-specific issues. Furthermore, digital competencies are predominantly measured with
subject-unspecific self-assessment instruments, as subject-specific operationalizations for this area
are not yet available in a differentiated form. In this article, the framework for Digital Competencies
for Teaching in Science Education (DiKoLAN), a subject-specific framework for pre-service science
teachers, is introduced, on the one hand, and, on the other hand, first results of a self-assessment
tool based on the framework are described. DiKoLAN defines competency areas highly specific
to science, as well as more general competency areas that include aspects common to all subjects.
Each competency area is described by competency expectations, which, in turn, are structured with
reference to the four technology-related dimensions of the TPACK framework (i.e., Technological and
Pedagogical Content Knowledge) and three levels of performance (Name, Describe, Use/Apply).
Derived from DiKoLAN, a corresponding self-assessment instrument (DiKoLAN-Grid) was devel-
oped and empirically tested for the two competency areas, (n = 118) and Information Search and
Evaluation (n = 90), in biology student teachers. By means of path models, tendencies regarding
structural correlations of the four components Special Tools (TK), Content-specific Context (TCK),
Methods and Digitality (TPK), and Teaching (TPACK) are presented for both competency areas and
discussed, as well as in comparison to previously conducted, subject-unspecific surveys.

Keywords: Technological Pedagogical Content Knowledge; science education; student teachers;
self-report measure
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1. Introduction

The successively increasing use of digital technologies for teaching and learning in
class is accompanied by media-specific processes of change in schools and teacher training,
which include, in particular, the structuring and operationalization of media-specific
competence requirements. In order to use the potential of digital technologies in teaching-
learning processes and to be able to plan and implement high-quality teaching using
digital technologies, teachers need specific technology-related competencies. For example,
associated demands on training structures and content are already being addressed in the
21st century skills movements launched more than a decade ago. The 21st century skills
are partly pupil-focused and only proportionately address skills for using Information and
Communication Technology (ICT) (e.g., Reference [1]: ICT literacy). However, they are also
related to different curricular changes internationally and the need for extensions of skills
for teaching (e.g., Reference [2]). Digitalization in education has now also been a driver for
transforming instructional/educational goals for a number of years and is consequently
reflected in a variety of standards for educating learners in the field. What has already
been initiated in the international/Anglo-American area by the National Educational
Technology Standards for Students [3,4] or the International Society for Technology in
Education (ISTE) Standards for Students [5] has been initiated in Germany, in particular,
by the formulation of the Standards for Education in a digitized World by the Standing
Conference of the Ministers of Education and Cultural Affairs of the Länder in the Federal
Republic of Germany [6]. Along with the skills and knowledge that learners should
acquire in ICT, the question arose internationally, nationally, and regionally as to which
competencies teachers need in order to support learners appropriately and to design
lessons accordingly. An interdisciplinary working group (Working Group Digital Core
Competencies) has been formed to answer this question with a focus on the natural sciences.
For the genesis of the framework DiKoLAN (Digital Competencies for Teaching in Science
Education), international ICT frameworks and models for the description of teacher digital
competencies were first analyzed.

1.1. ICT Frameworks and Models for the Description of Teacher Digital Competencies

The orientation framework for subject-specific digital basic competencies for student
teachers presented in this article was accompanied by an analysis of existing frameworks.
Published frameworks were analyzed in order to identify the basic lines of a digitally
supported competency profile laid out here. Due to their variety and versatility both
internationally and, in particular, nationally, there is no claim to an all-encompassing
review at this point. Rather, the aim is to summarize essential frameworks that are used as
a basis for the development of other frameworks, that are frequently addressed in teacher
education, and/or that have already built up a body of empirical research.

With the ICT Competency Framework for Teachers, UNESCO set an international
benchmark in the description of competency facets required for ICT teaching at a very
early stage [7]. This framework is based less on a concretizing than guiding claim for the
design of educational concepts that harmonize digitally oriented teacher training with the
respective national development goals. The target groups at the content level are teachers
in primary and secondary schools, whose ICT teaching activities are described in terms of
six aspects: ICT, ICT in education, curriculum assessment, pedagogy, organization, and
administration, and teacher professional learning [7] (p. 9). In line with the intended
and functional importance of the UNESCO ICT Competency Framework for Teachers,
many other (inter-) national models were based on it, such as the ICT-enhanced Teacher
Standards for Africa (ICTeTSA) [8]. The ICTeTSA focuses primarily on the use of digital
technologies in the school context. It describes six domains, each of which is divided
into sub-competencies (Knowledge, Skill, and Attitudes) and, in turn, differentiated into
performance levels (Emerging, Applying, Infusing, Transforming).

Other frameworks, such as the ISTE Standards for Educators [9], preferably in the
Anglo-American area, and the European Competence Framework for Educators (Dig-
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CompEdu [10]), for the European area, have a similar basic function in a more general
description of guidelines and standards for teacher educators and teachers themselves.
The ISTE Standards for Educators are identified as an informative map for educators who,
as actors in different spheres of action (including Learner, Leader, Citizen), are helping
to shape changes in a digitally-enabled future of teaching and learning. In addition to a
superordinate description of what is required in terms of competence in these areas of
action in order to effectively integrate technologies into learning and teaching, performance
indicators are listed in each case that educators must fulfill in their professional prac-
tice. The ISTE standards, with their generalized orientation, are used in the development
or further development of university training areas, such as the University of Northern
Iowa (UNI) Preservice Teacher Technology Competencies, which are extended by a specific
technology-related facet to specific content areas [11]. The European Union has developed a
framework, DigCompEdu, which focuses on the pedagogical aspects of teachers in dealing
with and using ICT. In the DigCompEdu framework, five subject-unspecific competency
areas describe skills that teachers need in order to exploit potentials of digital technologies
in teaching-learning processes [10]. Teaching digital competencies to students is also con-
sidered with a sixth, subject-unspecific competency area. The DigCompEdu framework
with the associated self-assessment tool [12] also distinguishes different teaching institu-
tions with three versions (for teachers at schools, at universities, in adult education). The
specifications described in the DigCompEdu have, in turn, been incorporated into national
curricular developments in many countries, for example, both the national frameworks in
Spain (Common Digital Competence Framework for Teachers—CDCFT; INTEF [13]) and
in Norway (Professional Digital Competence Framework for Teachers [14]) are based on it.
Both are similar in structure to the DigCompEdu, but define key competency areas in a
much more differentiated way via sub-competencies at different performance levels. Going
beyond a general description of competencies for teachers regardless of their profession,
the Austrian digi.kompP framework incorporates digital literacy acquisition in different
phases of teacher education [15]. The framework classifies eight categories chronologically
into the individual phases of education. In doing so, university-based teacher education
(stage 1) is clearly delineated from subsequent stages. In particular, prerequisites at the
beginning of the study are also included as expected competencies in a starting point
(level 0). The framework serves, among other things, for self-assessment (DIGIcheck) and
the continuous professional development of teachers.

In addition to the rather normative conceptualization in the frameworks for teacher
digital competence, the descriptive-theoretical framework of Technological Pedagogi-
cal Content Knowledge (TPACK) plays an important role in the description of neces-
sary teacher competencies for successful teaching with digital technologies. Mishra and
Koehler’s [16] TPACK framework represents an extension of Shulman’s (1986) PCK frame-
work. In the overlap with the previous knowledge and skills domains of the PCK frame-
work can be seen that knowledge and skills about technology (TK) in teaching has a content
component (TCK) and a pedagogical component (TPK), as well as a pedagogical content
component (TPACK). Despite the clearly anchored subject reference in the knowledge
and skills domains, the framework does neither cover subject-specific content nor are
competency expectations specified [17]. The structure of TPACK with its content com-
ponents are taken into the account during the development of frameworks mentioned
earlier. As examples the teacher digital competence (TDC) framework [18] and the K19
framework for core competencies of teachers for teaching in a digitalized world [19], which
is established in the national, German-speaking field, can be cited. Based on the latter one,
the K19 framework, a scenario-based instrument IN.K19 was validated that simultaneously
assesses technology-related teaching skills and attitudes via self-assessment [20]. The com-
petency domains of the TPACK framework have already been investigated in numerous
studies in terms of their respective characteristics in different target groups, as well as with
regard to existing correlations between the dimensions and other person variables. Most
of these studies used non-specific self-assessment instruments (e.g., References [21,22]).
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The significance of individual knowledge domains that can be derived from such studies
is inconsistent in that, for example, a direct influence on TPACK can be shown for TK in
some studies, but not in others [23–26].

In summary, competency frameworks and/or models that are to be profitably used in
teacher education should incorporate various aspects: Orientation to classroom practice,
outlining a progression in education, and concretization on an interdisciplinary, as well
as a subject-specific, level. On such a basis, appropriate curricula and assessments can be
derived. With regard to the extent to which these aspects are taken into account, currently
available frameworks and models differ greatly and show deficits. The frameworks and
models outlined above provide an important orientation for structuring and training ICT
competencies in the teaching profession. At the same time, in order to fulfill the broad
respective international or national tasks, they are kept quite general. Therefore, they often
consider mainly the pedagogical perspective on ICT for learning, or name only general
performance goals. A concrete subject-specific description of individual competencies
that a teacher needs at the subject level in order to integrate digital technologies goal-
oriented in subject contexts into classroom activities is, therefore, mainly missing. Despite
the structural implementation of the finally subject-specific content dimension in the
DigCompEdu or TPACK framework, this dimension is not specified in terms of digital
technology-related subject-specific content and competencies teachers need. No subject-
specific digital competencies or levels to structure teacher training in terms of curriculum
elements can be operationalized on the basis of the existing competency frameworks
and models, because subject-specific formulations, as well as references between the
formulation of competencies and the concrete teaching situations, are missing. Although
these frameworks and models provide guidance, they must also be specified for individual
subjects and the different phases of training.

1.2. The Framework DiKoLAN

Following up on existing frameworks (e.g., TPACK, DigCompEdu; see Section 1.1),
DiKoLAN describes the digital competencies of student teachers that are relevant for the de-
sign and implementation of digitally supported science education (also see Reference [17]).
These include digitization-related knowledge, as well as methodological skills, which
are important for a wide range of objectives in school practice. DiKoLAN distinguishes
between four more general, less subject-specific competency areas (e.g., documentation,
presentation) and three more subject-specific competency areas (e.g., data acquisition, data
processing) (Figure 1). In addition to these seven central competency areas in university
teaching, further peripheral competency areas must be considered. These include the
general Technical Core Competencies (TCC), which describe the basic individual skills and
abilities to name, describe, and use common connection systems and interfaces (e.g., HDMI,
USB, and their connector formats). Furthermore, wireless connection standards should be
named, and their range, as well as connection processes, should be described. The aim is to
be able to set up and use functional working environments independently, and to solve
arising technical problems. On the other hand, the legal framework must be considered.
The competency area Legal Framework (LEG) describes the individual ability to identify
legal issues when using digital technologies and platforms in schools, such as data pro-
tection regulations for the processing and storage of personal data, licensing regulations,
age and content restrictions, and copyright. This includes a basic knowledge required
to clarify the situation prior to the use of digital technologies. These two areas, which
are superordinate to the content-related competency areas, are not specified in DiKoLAN,
as they are subject to constant change due to technical progress and the changing legal
basis, as well as country-specific regulations and licensing situations. Furthermore, the
central core of DiKoLAN addresses university teacher training, which, e.g., in Germany, is
supplemented by a consecutive practical phase, in which the legal action scope of teachers
is a particular focus.
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In addition to the peripheral competencies TCC and LEG, which are basic prerequisites
for the integration of digital technologies but can be classified as rather subject-unspecific,
seven subject-specific core competency areas are in the center of DiKoLAN. These seven
core competency areas can be divided into more general and more subject-specific compe-
tency areas.

The more general competency areas include competencies that are essential for the
implementation of digitally supported teaching in all subjects. These competencies should
be applied to the methodological design with digital technologies in subject-specific im-
plementations. For example, although the competency area of presentation is of central
importance in subjects, such as art, music, or in the natural sciences, content is, neverthe-
less, presented and taught using different, subject-specific formats, and tools in each case.
The competencies described in DiKoLAN for the more general competency areas relate
to the natural sciences and can be divided into the areas of Documentation, Presentation,
Communication/Collaboration, and Information Search and Evaluation (see Figure 1). The
more subject-specific competency areas include digital competencies that are differentiated
domain-specifically in individual subjects and corresponding disciplines. In the natural
sciences, competency requirements are partly tied to subject-specific teaching methods and
instructional strategies. In these methods and instructional strategies, hands-on work in the
lab and in the field involves specific digital tools and media. This hands-on work includes,
for example, the use of data loggers, handling digital microscopes, and likewise working
in virtual laboratories and/or with specific software [27]. The more subject-specific compe-
tency areas for Data Acquisition, Data Processing, and Simulation and Modeling can be
described taking into account various authors [28,29] and basing the competency areas on
core elements of the natural sciences, that are, subject-specific working methods for data
acquisition, data processing, and data representation [30].

1.2.1. Central Content-Related Competency Areas of DiKoLAN

DiKoLAN provides guidance with regard to the (subject-specific) performance level
of basic competencies that are aimed for during the study phase. The framework is an
open system in which already formulated competency areas can be adapted and supple-
mented with competency areas according to the subject. With changing subject-specific
orientation (here, currently, natural sciences) and requirements of future teaching, as well
as the structure of teacher training, further competency areas for the university teacher
training are also conceivable, such as assessment and feedback. In the following, the seven

https://dikolan.de/en/
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competency areas are defined in terms of their content orientation [17] and briefly described
(see Figure 1).

The competency area Documentation (DOC) comprises the individual ability to use
digital tools for the systematic filing and permanent storage of data and information
in order to use them professionally. This also includes taking, editing, and integrating
photos, images, and videos, combining, and saving different media, structuring and
archiving information, and displaying processes and contexts (see Figure 2). Using digital
technologies in the classroom is associated, among other things, with the generation,
storage, management, and archiving/backup of data. This use of digital technologies
includes digital documentation of work products, as well as protected management of
student data. Knowledge of tools for effective documentation seems essential to make
informed decisions [31]. As a result, the “documentation” competency area addresses
facets of data literacy that are often still underrepresented in teacher education [32], and it
differentiates them subject-specifically.
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The competency area Presentation (PRE) describes the individual ability to use digital
media in a targeted and addressee-oriented manner for the knowledge acquisition and
communication process, as well as the knowledge of the limits and potentials of different
digital presentation media (see Figure 3). Presenting content, results, and processes is
one of the central elements of (science) teaching. The range of applications extends from
the use of presentation software to the design of one’s own digital presentation media.
This includes, for example, the presentation of a process, such as time-lapse recordings
of the growth of plants, as well as the presentation of images and videos made during
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microscopy. It is crucial that (future) teachers are able not only to master the individual
digital presentation media confidently but also to recognize their advantages and disad-
vantages for lesson design (e.g., with regard to forms of organization and presentation,
time required, motivation). Lessons should move beyond the purely frontal presentation
and give students the opportunity to experience various presentation possibilities. For
this purpose, suitable presentation media/forms must be known and a situation-specific
selection must be made in order to release their potential for the learning process. Therefore,
design aspects [33,34] and the principles of multimedia learning (CTML [35]) should be
known and applied in the classroom.
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The competency area Communication/Collaboration (COM) comprises the individual
ability to plan synchronous or asynchronous work of individuals or groups with digital
tools towards a common goal and to carry it out with the learners. For this purpose,
shared files or products are created and processed, common data pools are created and
dealt with, and systems for assigning rights are planned and implemented (see Figure 4).
Teaching depends on communication and information exchange or management (e.g.,
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Reference [36]). Accordingly, the integration of appropriate communication techniques and
phases, as well as collaborative elements for participation in the learning process, are key
elements of teaching. Opportunities arise here through digitalization, e.g., simultaneous
and location-independent work on the same document and the merging of data or results
collected in a split work process for an overall solution. In view of the resulting time
savings, more complex problems can be solved collaboratively in the process of knowledge
acquisition. Digital communication tools support thereby the communicative control of
such coordinated processes.
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The competency area Information Search and Evaluation (ISE) includes the individual
ability to use digital tools to obtain information on given subject areas or to solve problems,
and to structure and evaluate them. For this purpose, search targets are defined, various
information sources are integrated and evaluated (see Figure 5). Due to the complexity
of available information and the diversity of editorial control mechanisms, skills for a
successful internet-based information search have increased in importance. Therefore,
both cognitive skills for information search and evaluation, and metacognitive skills for
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evaluating the search process are necessary, in addition to technical skills, for information
retrieval [37]. The IPS-I model (information problem solving while using the internet [38])
formulates steps for answering problem-oriented questions that should be followed, at
least in part, during a successful internet-based information search (e.g., References [38,39]).
The competent use of scientific databases is also a subject-specific requirement for sci-
ence teachers.
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The competency area Data Acquisition (DAQ) describes the individual ability to collect
data directly or indirectly with digital tools by entering data, digitizing analogue data,
taking images, and making films, using probes, sensors, and programs (or apps), and
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obtaining data from documentation media, such as images or videos (see Figure 6). Digital
measurement and data acquisition offer access to scientific phenomena that are difficult
to capture in analog form (e.g., high-speed and thermal imaging or the concentration of
invisible gases, e.g., Reference [40]). When investigating particularly fast or slow processes,
computer-aided measurement acquisition has an advantage over analog measurement tech-
nology (e.g., Reference [41]). In addition, the obtained measured values can be presented
in different display formats, one after the other or simultaneously, several measurement
series can be displayed comparatively in the same coordinate system, and the axis scaling
can be changed as desired. Mobile devices, in which not only cameras but also sensors
are integrated, expand the range of applications for measurement acquisition due to their
independence from the power grid and the integration of a wide variety of sensors [42]. As
these devices are available to students, instructional scenarios in science should take into
account prior knowledge of the desired use, forms of organization, methods, or personal
and social consequences of the intended action when using digital measurement.
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The competency area Data Processing (DAP) describes the individual ability to process
data with digital tools. This includes filtering, calculating new quantities, processing,
statistical analysis and merging of data sets (see Figure 7). Data processing is particularly
important in science teaching since it is only through the (further) processing of measure-
ment data that insights can be gained, or further research questions can be raised. In
science teaching, digital data processing opens up subject-specific access to specific data
sets, which also adequately represent the current methods of the corresponding discipline
and are authentic in this sense (e.g., the automatic evaluation of slopes in calibration curves
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for concentration measurements [43]). In addition, data collections and formats (in the
form of measurement series, images, videos, audio files, or texts) can be filtered, recoded,
and analyzed using digital tools, such as statistical programs or simple spreadsheets, in
preparation or in class. A range of tools for filtering, statistical analysis, image, audio,
and video analysis, including visualization options, are available for this purpose [44].
Digital data processing automates time-consuming processes so that more learning time is
available in class for preparing and following up on the experiment.
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The competency area Simulation and Modeling (SIM) describes the individual skills to
perform computer-aided modeling and to use existing digital simulations in a targeted and
addressee-oriented manner for the knowledge acquisition and communication process, as
well as the knowledge of limits and potentials of models and simulations in the process of
knowledge acquisition (see Figure 8). Based on underlying models and a limited number
of variables, computer simulations can be used to model scientific processes. Simula-
tions are used to analyze systems and processes, as well as to predict the development of
rule-based systems over time. Since simulations respond to user input, influences and inter-
relationships can be investigated interactively and experienced directly, which ultimately
facilitates an adaptation of the students’ mental models to the scientific processes. While,
in simulations, the dynamic models are usually already implemented, modeling programs
offer the possibility to develop and test own dynamic models of an issue or phenomenon.
Furthermore, different models can be tested and their predictive power and vividness can
be compared. The very large range of applications for different end devices also requires a
deeper examination of the limitations of existing software in order to ensure that it can also
be used in a professional and appropriate manner [17].
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1.2.2. Structure and Gradations in the Competency Areas of DiKoLAN

For these seven central competency areas, competencies are described in tabular
overviews based on the four technology-related knowledge dimensions of the TPACK
framework (Reference [45]; see Figures 2–8): Special Tools (S/TK), Content-specific contexts
(C/TCK), Methods and Digitality (M/TPK), and Teaching (T/TPACK). The formulated
competencies are further differentiated in the tables on the basis of the performance
levels Name (N), Describe (D), and Use/Apply (A). According to this differentiation, explicit
knowledge facets are listed first (e.g., ISE.C.N3: Name at least two quality criteria for
evaluating digital sources from a discipline perspective [ . . . ]), then the procedure is to
be described (e.g., ISE.C.D5: Describe at least two of the quality criteria listed in ISE.C.N3
[ . . . ]), and then derive particular actions to apply the knowledge in lesson planning (e.g.,
ISE.C.A1: Conduct a subject-specific search according to the quality criteria and evaluate
the results found). In formulating the individual competencies, care was taken to ensure
that the domains are as distinct as possible and, thus, independent of one another.

These formulated competency descriptions can be used, among other things, to
construct suitable tasks for competency tests with a fit to the corresponding competency
areas. This would, for example, also enable transparent, subject-specific evaluation within
the framework of teacher training.

1.3. Aims and Research Questions

One of the main objectives of this paper is to present the framework DiKoLAN that
explicitly refers to the digital competencies of science student teachers. It considers a
progression of competencies and describes and operationalizes competencies in detail.
The competency areas delineated in the framework DiKoLAN, and the competence de-
scriptions formulated for them (see Section 1.2), can be target dimensions of competence-
oriented, digitization-related training in university teaching, as well as a reference for the
self-assessment of student teachers. Therefore, competence descriptions must be opera-
tionalized.

Following the development of the framework, another goal was to derive items based
on the competence descriptions formulated in DiKoLAN and to develop a corresponding
instrument for self-assessment or external assessment (DiKoLAN-Grid). In this paper,
the competencies of biology student teachers in two areas were recorded with the self-
assessment tool DiKoLAN-Grid and were analyzed. In this context, the following research
questions arise:

1. How do biology student teachers rate their competencies in Presentation, as well as
in Information Search and Evaluation, in the four components of Teaching (T/TPACK),
Methods and Digitality (M/TPK), Content-specific context (C/TCK), and Special
Tools (S/TK)? Which parallels and differences appear in the level of competency
assessment between the four components?

2. Which correlations of the four components can be seen within the two competency
areas Presentation and Information Search and Evaluation?

2. Materials and Methods
2.1. Participants

The sample consisted of 118 biology student teachers (♀ = 75.5%, ♂ = 24.6%;
MAge = 21.40, SD = 3.43) from two universities in Germany. The questionnaire for the
competency area Presentation (PRE) was completed by n = 118, and the one for Information
Search and Evaluation (ISE) by n = 90 students. The survey took place in the context of
courses for biology education, in summer term 2020 and winter term 2020/2021. The
participating biology teacher students were, on average, in their 2nd semester (M = 2.28,
SD = 2.06).
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2.2. Procedure

The online survey took place by means of questionnaires in a pdf document directly
at the beginning of each semester. Care was taken to ensure that the same test conditions
prevailed at both universities. The questionnaire was completed asynchronously besides
the regular course time, and the participants were able to take as much time as they needed
here. Prior to participation, subjects were informed that study participation was voluntary
and anonymous, and they signed an appropriate consent form. The competency area of
Presentation was assessed by a total of 20 items, and the competency area of Information
Search and Evaluation by a total of 27 items, in which the participants were asked to assess
their competence for individual items on a Likert scale of 1 (do not agree at all) to 8 (agree
completely). Individual items were assigned to the four competence components (TK, TCK,
TPK, and TPACK). The survey instrument can be found at https://dikolan.de/downloads
(last access on 28 November 2021).

The reliability of the scales of all eight competence components are in the good to
excellent range (Tables 1 and 2).

Table 1. Presentation.

Component Number of Items Example Cronbach’s Alpha

TK-PRE 5

I can describe at least one possibility of technical
implementation for each type of presentation (e.g., of content,

processes/for several groups or individual recipients),
including the necessary procedure with reference to current

hardware and software, as well as related technical standards.
(PRE.S.D1)

0.85

TCK-PRE 4

I can name several subject-specific/specialist scenarios and
contexts, as appropriate for digital forms of presentation and
digital presentation of processes (e.g., time-lapse for osmosis)

and for the use of presentation hardware (e.g., microscope
cameras, mobile devices with cameras). (PRE.C.N1)

0.81

TPK-PRE 5

I can select, adapt, and use existing and created presentation
media of my own, taking into account technical possibilities

and limitations, as well as principles/criteria for
audience-appropriate design. (PRE.M.A1)

0.85

TPACK-PRE 6 I can use digital media to simplify subject matter for the school
context and make them easier to understand. (PRE.T.A1) 0.91

Table 2. Information Search and Evaluation.

Component Number of Items Example Cronbach’s Alpha

TK-ISE 4

I can name search options for digital research, e.g., search
functions of library sites (including university library); subject
databases (including electronic journal library); electronic full
texts (including e-books, electronic dissertations). (ISE.S.N1)

0.80

TCK-ISE 9

I can name at least two quality criteria for evaluating digital
sources from a subject-specific perspective, e.g., recency;

necessary scope/style/design; professionalism, scientificity,
neutral language style; validity and reliability; review

procedures, references. (ISE.C.N3)

0.86

TPK-ISE 5
I can describe advantages, disadvantages, and limitations of

digital databases and search engines for use in
teaching-learning scenarios. (ISE.M.D1)

0.94

TPACK-ISE 8

I can plan and implement science instructional scenarios
incorporating the steps of a successful internet-based

information search or problem solving, such as defining the
problem to be solved, researching information, presenting the

information. (ISE.T.A2)

0.94

https://dikolan.de/downloads
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2.3. Data Analysis

First, descriptive statistics were compiled and analyzed. The uni-dimensionality
of the competency components was tested individually by confirmatory factor analysis
(estimator: ML), in which these constructs represent the only latent variable. Since all items
loaded highly on their respective factor (factor loadings above 0.50) and could, therefore,
be assigned to their construct without doubt from an empirical point of view, all items were
included in the further calculations. Subsequently, path models were used to analyze the
interrelationships of each of the four competence components (TK, TCK, TPK, TPACK) of
the two competency areas Presentation, and Information Search and Evaluation. The number
of items used for modeling the competency components varied between four and nine,
depending on the scale (Tables 1 and 2). The model fits χ2, χ2/df, the Comparative-Fit-
Index CFI, and the Root-Mean-Square-Error of Approximation RMSEA are used as an
absolute Fit-Index for the global assessment of the goodness of the CFAs and the path
models. The analyses reported below were performed using the statistical programs AMOS,
R, and Mplus 8. Descriptive statistics and reliability analyses were calculated using the
program SPSS 26 (listwise case exclusion for missing values).

3. Results
3.1. Descriptive Statistics

In the competency area Presentation, the student teachers rated their skills regard-
ing TK (special tools) as best developed (Figure 9; MTK-PRE = 5.42, SDTK-PRE = 1.36),
followed by TCK (content-specific context) (MTCK-PRE = 4.40, SDTCK-PRE = 1.42). TPK
(methods, digitality), but also TPACK (teaching), were assessed worse in comparison
(MTPK-PRE = 3.86, SDTPK-PRE = 1.34; MTPACK-PRE = 4.05, SDTPACK-PRE = 1.49) [46]. In the
competency area Information Search and Evaluation, the picture is quite balanced, with
the difference between the lowest (MTCK-ISE = 3.78, SDTCK-ISE = 1.28), and the highest
mean value (MTPK-ISE = 4.58, SDTPK-ISE =1.65) being just 0.8. In addition, students rated
their abilities similarly high regarding TK (MTK-ISE = 4.10, SDTK-ISE = 1.28) and TPACK
(MTPACK-ISE = 4.11, SDTPACK-ISE = 1.55). Except for MTK-PRE, all scores are below the scale
mean value of 4.5. Nevertheless, differences can be seen between the two competency areas.
When paired t-tests are calculated, significant differences between the self-assessed compe-
tencies in the two areas are evident for TK (t(87) = 7.33, p < 0.001), for TCK (t(87) = 3.22,
p < 0.01), and for TPK (t(87) = −4.62, p < 0.001). Only TPACK showed no significant differ-
ences (t(87) = 0.15, p = 0.88). Thus, biology student teachers rated themselves significantly
better in TK and TCK in Presentation than in Information Search and Evaluation.
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3.2. Path Models
3.2.1. Competency Area Presentation

All four theoretically postulated constructs of the Presentation competency area (TK-
PRE, TCK-PRE, TPK-PRE, and TPACK-PRE) were modeled as latent variables in a joint
confirmatory factor analysis, with the assigned items all loading significantly onto their
respective factor. The standardized loadings for the items are in the good to very good
range. They range from 0.59 to 0.85 for TK-PRE, from 0.59 to 0.81 for TCK-PRE, from 0.60
to 0.85 for TPK-PRE, and the items of TPACK-PRE range from 0.68 to 0.91.

In the next step, a path model was calculated to get a deeper look into the interre-
lationships of the four components and, thus, into the inner structure of the Presentation
competency area (see Figure 10). In the path model, the three components TK-PRE, TCK-
PRE, TPK-PRE represent predictors for the component TPACK-PRE. The model fit shows
very good values (χ2 = 0.437, df = 1, χ2/df = 0.191, CFI = 1.00, RMSEA = 0.00). Both
TCK-PRE (β = 0.44, SE = 0.091, p < 0.001) and TPK-PRE (β = 0.42, SE = 0.082, p < 0.001)
show a high significant effect on TPACK-PRE. In contrast, there is no predictive effect
of TK-PRE on TPACK-PRE (β = 0.00, SE = 0.089, p = 0.959). TCK-PRE and TPK-PRE
can account for 58% of the variance in TPACK-PRE. As expected, the three predictors
(TK-PRE, TCK-PRE, TPK-PRE) correlate significantly with each other with values between
0.49 and 0.68, indicating that these components should rather not be taken as independent
constructs.
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3.2.2. Competency Area Information Search and Evaluation

A parallel approach was taken for the competency area Information Search and Evalua-
tion. Again, all four theoretically postulated constructs (TK-ISE, TCK-ISE, TPK-ISE, and
TPACK-ISE) were modeled as latent variables in a joint confirmatory factor analysis, with
the assigned items all loading significantly onto their respective factor. The standardized
loadings for the items are again in the good to very good range (TK-ISE: 0.65–0.78, TCK-
ISE: 0.57–0.76, TPK-ISE: 0.78–0.92, TPACK-ISE: 0.76–0.87). In the subsequently calculated
path model, the three components TK-ISE, TCK-ISE, TPK-ISE represent predictors for
TPACK-ISE. Again, the path model also shows very good model values (χ2 = 0.516, df = 1,
χ2/df = 0.52, CFI = 1.00, RMSEA = 0.00; see Figure 11). There is a significant effect of
TK-ISE on TPACK-ISE (β = 0.19, SE = 0.112, p = 0.027), which is comparable in magnitude
to the effect of TCK-ISE (β = 0.22, SE = 0.099, p = 0.007). In comparison, the effect of TPK-ISE
is approximately three times higher and highly significant (β = 0.58, SE = 0.064, p < 0.001).
The occurring correlations between the individual predictors are all significant and very
similar in strength to the values determined for Presentation. A total of 70% of the variance
of TPACK-ISE can be explained by the three predictors.
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4. Discussion of the Research Questions

Derived from DiKoLAN, a self-developed science-specific self-assessment tool for
digital competencies of student teachers could be used for the first time for the competency
areas Presentation, as well as Information Search and Evaluation, with a scientific focus. The
theory-based components of teaching (T/TPACK), methods, digitality (M/TPK), content-
specific context (C/TCK), and special tools (S/TK) of both competency areas could be
reliably assessed (in terms of Cronbach’s alpha values). Possible differences in the correla-
tions of TK, TCK, and TPK with TPACK shown for individual areas of DiKoLAN indicate
that the sub-instruments used for the respective areas capture different constructs.

In the context of the first research question, it was analyzed how biology teacher
students assess their competencies for Presentation, as well as Information Search and Evalua-
tion, in the four components (TK, TCK, TPK, and TPACK) and what differences emerge
between the components and competency areas. The competency assessments available
in the area Information Search and Evaluation can be interpreted both with respect to their
levels but also with respect to the instrument used, DiKoLAN-Grid. Compared to Informa-
tion Search and Evaluation, higher values in the area of Presentation as a central element of
teaching and of university courses could result from the comparatively frequent previous
experience with it in school and university courses: Up to the second or third semester,
however, subject-specific presentations and, less frequently, the associated methodological
implications are passively received and technical foundations are built up in individually
performed course presentations by students. This could explain the higher level of com-
petency here. However, the planned und structured integration of presentation methods
into scholar teaching and learning settings is not specifically practiced. Information Search
and Evaluation, on the other hand, is more often carried out jointly within the context of
cooperative group work, so that experience can be gained with regard to methodological
and social interaction in practice. This would favor the area of Presentation, but not in the
component TPACK, which is in line with the observed data in the components TK and TCK.
According to this interpretation, the perspective of planning lessons in consideration of a
broad and situation-adapted integration of presentation techniques and procedures would
still be missing. This could explain a level of competency comparable to the measured
level. Further, this would explain higher assessed competency levels for TPK in the area of
Information Search and Evaluation. The position of the values slightly below the scale mean
value can be interpreted as plausible and fitting to the educational level; the students are
only at the beginning of their studies. In addition, with regard to the survey instrument,
the measured levels provide useful information. The location of the mean values and the
distribution of the data (Figure 9, boxplots) indicate a good fit of the items with respect to
the levels of competency, which shall be measured, as the items were neither too easy nor
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too difficult. Consequently, the scales can also be used to measure progress in competency
levels, possibly up to graduation. For clarification in this regard, either longitudinal studies
or comparative surveys with students in higher semesters need to be conducted.

The second research question aimed to analyze the internal structure of the two
competency areas. The development of TPACK as a central component presupposes
knowledge in all other components, which is why it should be possible to demonstrate
corresponding correlations in the path models. Previous studies are not clear regarding the
relevance of the individual components in terms of their specific influence on TPACK. In
particular, the role of TK, as a significant component for the extension of PCK to TPACK, is
unclear (e.g., References [26,47–50]). To further investigate this issue, path models were
used to examine the correlations of each of the four components. For both competency
areas, the three components TK, TCK, and TPK correlate similarly high with each other.
However, differences emerge with regard to the predictive effect on TPACK. Only in the
area Information Search and Evaluation TK has a significant influence on TPACK, as measured
by the factor loadings. The fact that an influence of TK can be proven sometimes and
sometimes not matches the inconsistent study situation available so far. The question
remains whether there are reasons for the missing or existing influence of TK and what
these are. These studies (e.g., Reference [26]) have in common that the surveys were
conducted with subject-unspecific scales or items. What differs, however, are the subjects
and fields on which the participants were surveyed. Unfortunately, there are no comparable
studies to date. The reason for the divergent results regarding the influence of TK could
be differences in the composition of the samples, as well as related content and skill
areas (subject disciplines, teaching experience, etc.). Depending on subjects and related
competency areas covered, the influence of TK could actually vary in magnitude or not
be present at all, as can be hypothesized in the following considerations related to our
case: There is certainly a difference between the competencies that a teacher must have
and those that pupils should develop. The latter can be considered as a subset of the
competencies available to teachers. The more the competencies available to teachers match
the competencies that pupils should develop (e.g., as consequence of an ICT syllabus),
the smaller the expectable difference should be. For example, the TK competencies in
the area of biological Information Search and Evaluation should have higher intersections
for both groups (e.g., ISE.S.N2: List aspects of the need for a research strategy (problem
analysis, keywords, synonyms, and search services)) than, for example, in the area of
Presentation (e.g., PRE.S. N1: Name in each case several technical ways of presentation:
of content at different scales (e.g., document camera, video camera, smartphone, tablet,
microscope camera), of processes on different time scales (e.g., slow motion, time lapse), for
a larger auditorium (e.g., beamer, interactive boards) for multiple groups (e.g., display on
multiple terminals) or for a single receiver). Here, for example, the competencies required
for teaching go far beyond what needs to be taught to pupils, and not all of them need to
be integrated as learning objectives in the classroom, resulting in a less strict correlation
between existing TK and TPACK.

In terms of correlations between components in the TPACK model, it is interesting
to observe that the correlations between TK, TPK, and TCK are almost identical for the
individual domains. Comparing these to other studies in completely different content
contexts and with different addressees [51,52], Reference [26] reveals both similar and
completely different correlations between these components. Again, similar to the varying
influence of TCK on TPACK shown in this study, this could indicate subject- or domain-
specific correlations. Ultimately, TCK as content-related knowledge infers an influence
in the actual content area under consideration. Depending on the overall scope of the
respective related TK and TCK, different correlations and effects can be assumed with
respect to TPACK.
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5. Conclusions

DiKoLAN can be considered as a science teaching- and practice-oriented approach
and first step towards domain-specific structuring and assessment of TPACK, as previous
subject-specific description of TPACK has been limited so far [53]. Subject non-specificity
of TPACK test instruments may lead to reduced validity [54]. With regard to practical
implications, the specifically formulated competency areas, levels, and goals of DiKoLAN
result in numerous fields of application and potential use-cases. For example, they can
guide the creation of curricula for the university phase of teacher education, as well as
the evaluation of competency levels and development processes for student teachers in
science. The construction of tasks for the measurement of competencies, as well as for
self-assessment, requires corresponding formulations of goals and descriptions of desired
competencies, as they are given by DiKoLAN. Lecturers can use such formulations to create
subject-specific competence profiles and, thus, identify existing strengths and areas for
development in the competency profiles of students. Based on this, tailored courses and
learning environments can be designed or individual support offers can be composed. The
precise identification of development areas of individual students also allows individual
competence support with digital online offerings and self-learning courses, the content of
which can be specifically tailored to the relevant competency levels and components in
conjunction with the formulated basic digital competences in DiKoLAN. Here, the subject-
or science-specific perspective provides more concrete results, that are clearly related to
the subject taught, than general and subject-unspecific tools for competence analysis or
reflection, such as self-assessment tools corresponding to, for example, DigCompEdu [12].
With regard to the possible domain- or area-specificity of competency characteristics and
correlations of their impact, a structuring of digital competencies is also a basic prerequisite
to be able to compare and relate data from research projects. A very comprehensive
and unspecific view and interpretation of the competency components, as in the model
developed by Mishra and Koehler [16], may not be sufficient for research purposes under
certain aspects. In addition, for the conception of addressee-related support measures, a
knowledge of the concretely existing knowledge and competence basis is indispensable, if
target-oriented support and subsequent evaluation is to be carried out.

In the long run, the results collected by the self-assessment tool DiKoLAN-Grid should
and could be used to derive indications for an effective promotion of TPACK. Based on the
data of the two competency areas presented in the present study, it could be shown that
TPACK is predicted by TK, TCK, TPK to a different extent depending on the competency
area. Thus, TPK shows high predictive values for TPACK in the competency area of
Information Search and Evaluation but also in the competency area of Presentation. This result
is evident in many similar studies [24,26,55–57], suggesting a particular importance of
methodology knowledge about teaching with (support of) digital media. In contrast, the
predictive values of TCK on TPACK are lower for the competency area Information Search
and Evaluation than for the competency area of Presentation. To date, however, data are
only available for two competency areas and from just a small number of tested students.
Further studies will also explore the interrelationships of the four more technology-related
areas of the remaining five competency areas. An interesting question will be, among
others, whether similar findings with a relatively low influence of TCK can be found for the
subject-specific competency areas, such as data acquisition, or whether the subject-specific
component TCK has a stronger influence on TPACK in these areas.

In conclusion, DiKoLAN and the corresponding self-assessment Tool DiKoLAN-Grid
presented here provides, for the first time, an application-oriented, detailed overview, in-
cluding the perspective of several subject specific didactics on digital competencies for the
natural sciences, that should be acquired during teacher education. DiKoLAN is already
used as a framework supporting concepts for teacher education [58,59]. Furthermore, the
components of competency expectations within a competency area based on the TPACK
framework into important areas relevant in scholar practice enables an assignment of the
competencies and respective levels, which have to be built up, to different courses and ac-
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tors in teacher education (content knowledge, pedagogical content knowledge, pedagogical
knowledge). However, DiKoLAN is subject to constant change. Some basic competencies
are quite stable over time, while others are conditioned by rapidly developing digitization.
This is true not only for the area of education but also for scientific research in the natural
sciences. The use of new approaches, such as augmented reality (e.g., Reference [60]),
3D printing (e.g., Reference [61]), or artificial intelligence (e.g., Reference [62]), may also
change teaching and learning [63] and, thus, the digital competencies required of the
teacher. Competency areas resulting from the currently increased use of remote and vir-
tual labs in research and teaching (distance learning) may also expand DiKoLAN in the
future. At the latest, if these competencies prove to be useful in the long term, this must be
reflected in teacher training (see Reference [47]). In general, an evolving classroom culture
and organization will necessitate extensions and/or revisions of such a framework.
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