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ABSTRACT
Teacher-oriented journals provide many ideas for practical use of
multimedia in physics teaching and learning. However, they are
often written in their respective native languages. Moreover,
having 24 official languages in the European Union is a huge
barrier to the exchange of teaching and learning material.
Knowledge about what is discussed in neighbouring countries is
rare. Hence, in this article scientific members of the MPTL group
(Multimedia in Physics Teaching and Learning) present a review
on multimedia applications and the corresponding concepts that
are discussed in non-English language journals. 491 articles in 34
teacher-oriented journals from 10 countries are reviewed, using a
list of 81 categories, to characterise addressed topics, teaching
strategies, technology and multimedia features. Log-linear
multiway frequency and cluster analysis were used to get more
insights about preferred combinations of content and teaching
strategies, differences between countries, changes between
periods and patterns of articles. There is a divergence in the main
topics focused on between countries and some changes within
the periods 2006–2010 and 2011–2015. Such a large diversity of
ideas and concepts covered throughout the EU highlights the
potential benefits of more international exchange. However,
findings also point to additional requirements, concerning
theoretical background, ideas for implementations of modern
features like augmented reality, and the use of internet-based
sources and modern devices. Thus this article is also calling for
more exchange and discussions concerning topics to be
addressed in teacher-oriented journals.
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1. Introduction

Multimedia learning environments can promote constructivist learning that enables
problem-solving transfer of scientific and mathematical principles (Mayer, 1999).
However, teachers need knowledge about available multimedia applications as well as gui-
dance on how to implement multimedia in science teaching, and teacher-oriented litera-
ture is a valuable resource for both (see Hennessy, Deaney, & Ruthven, 2006). Teacher-
oriented journals provide many ideas for practical use of multimedia in physics teaching
and learning. Nevertheless, they are often written in their respective native languages. Fur-
thermore, having 24 official languages in the European Union is a huge barrier to the
exchange of teaching and learning material. Knowledge about what is discussed in neigh-
boured countries is rare. Physics is a discipline with a large spectrum of topics and a high
number of papers where multimedia applications might be found, thus providing a sample
of interesting size and variation on which a systematic review can be based. Hence, in this
article scientific members of the MPTL group (Multimedia in Physics Teaching and
Learning) present a review of multimedia applications and the corresponding concepts
that are discussed in non-English language journals.

1.1. Teacher development and TPACK

In the past two decades, Information and Communications Technology (ICT) has attained
an important role in everyday life as well as in teaching and learning. Nearly everyone
owns a mobile phone and uses broadband mobile access (cf. Organisation for Economic
Co-operation and Development, 2018). For instance, according to the annual survey of the
use of such media among 12- to 19-year old in Germany, the JIM study (abrrev. for Jugend,
Information, (Multi-) Media, transl. youth, information, (multi-) media), virtually all
families with adolescents aged 12–19 years had access to mobile phones, PC/laptop, TV
and Internet (Medienpädagogischer Forschungsverbund Südwest, 2016). The study
states that 95% of 12- to 19-year old had her/his own smartphone with touchscreen
and internet access. However, based on her own results, Hsu (2017) argues that teachers’
ICT proficiency does not develop at the same pace with technology.

TPACK (Technological Pedagogical And Content Knowledge) describes a framework
of competencies for effective teaching with technology (Mishra & Koehler, 2006; Thomp-
son & Mishra, 2007; see also Figure 1). The term is not strictly defined (Voogt, Fisser,
Pareja Roblin, Tondeur & van Braak, 2013), especially if the focus is set on the practical
use of TPACK. The usage of ICT is a mixture following different intentions. ‘Most teachers
used technology as a processing tool. Other frequently mentioned functions were as an
instruction tool, drill and practice tool, information source and presentation tool’
(Heitink, Voogt, Verplanken, van Braak, & Fisser, 2016, p. 78).

Kyndt, Gijbels, Grosemans, and Donche (2016) identified different types of teachers’
informal learning activities by reviewing 74 studies. One of the most cited activities is con-
sulting information sources, which includes reading professional literature (Kyndt et al.,
2016). Citing Hoekstra, Brekelmans, Beijaard, and Korthagen (2009), Richter, Kunter,
Klusmann, Lüdtke, and Baumert (2011) state that teachers’ professional development is
highly valued, but little support is provided for teachers’ life-long learning at the work-
place. Deeper insights into the informal learning activities teachers undertake are generally
missing (Fraser, 2010; Kwakman, 2003).
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Significant predictors of attitudes towards computer use are perceived usefulness, per-
ceived ease of use and technological complexity (Teo, Milutinović, & Zhou, 2016). There-
fore, convincing examples of technology-enhanced curriculum materials, which suit the
local curriculum, are needed. Thus one question is, which sources can support teachers’
informal learning and assist TPACK enhancement.

Teacher-oriented journals and magazines can offer material that help readers also to
improve their TPACK. They directly address topics that Scherer, Tondeur, and Siddiq
(2017, p. 6) used for their model of TPACK, some of which directly refer to TPACK com-
ponents as listed below.

Referring to Technological Content Knowledge (TCK), articles in those journals …
. show ICT applications that can give students insight into the subject which are taught,
. present ICT applications that support lessons for a subject domain,
. describe how to use ICT applications to present concepts from a subject content.

Referring to Technological Pedagogical Knowledge (TPK), articles …
. point at technologies that enhance the teaching approaches for a lesson,
. illustrate how to adapt the use of technologies to different teaching activities,
. initiate thinking more deeply about how technology could influence teaching

approaches.

Referring to Technological Pedagogical Content Knowledge (TPACK), articles …
. present ideas how to combine ICT, content and pedagogy.

Referring to Technological Knowledge (TK), articles …
. help to keep up with important new technologies.

Figure 1. The TPACK framework (from http://tpack.org).
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Koh and Chai (2016) underline the need to consider design knowledge as part of tea-
chers’ ICT integration expertise, which comprises knowledge about design processes and
the management of design. Hence, there is a need for examples of different strategies and
concepts to be available for training. Comi, Argentin, Gui, Origo, and Pagani (2017) point
out the relevance of teachers’ practices in making ICT in classrooms effective. However,
they admit that there are almost no studies analysing the effect of computer-based teach-
ing practice on students’ outcomes (Comi et al., 2017). In addition, Jen, Yeh, Hsu, Wu, and
Chen (2016) point to the importance of learning from practical usage of technology to
support science education.

In a broader perspective, Guskey (2002) describes three levels of implementing edu-
cational change into school practice. Levels include the teachers’ ideas about the
change, their school practice and finally students’ learning results. The last level is
especially difficult to achieve. Fullan (2016) states this as well and that it is very difficult
to get new results from educational research into the classroom, and that it takes time.
He analyses different factors that can influence educational change. According to him,
educational research is only one of them. He focuses on mostly local factors close to
the teachers like colleagues, schoolboard, parents, etc.

A strong argument for looking at teacher-oriented journals is given by Guskey (2002).
He points out that effective development programs for teachers have to offer specific, con-
crete and practical ideas that directly relate to the day-to-day activities in classrooms.
International literature in research journals about multimedia learning rarely refer to
national issues like curricula, local initiatives (like online labs), correlations between
subject contents and further educational and technological aspects, or teaching traditions.
Furthermore, an analysis of articles in teacher-oriented journals can give insights into
what combinations of content, material and teaching strategies are favoured in sugges-
tions for practical teaching, e.g. to identify which aspects of the so-called curricular
spider’s web (van den Akker, 2003) are primarily addressed. At least, local teacher-
oriented journals are a rich source for examples of what is thought by practitioners to
be effective for teaching.

Furthermore, teacher-oriented journals have the potential to bridge the gap between
theoretical considerations in scientific journals and practical use in teaching and learning
situations. However, how often is a well-established theoretical background described in
teacher-oriented articles? Or do teacher journal articles rely on individual practical
experience and a strong relationship with the local curriculum? Obviously, this opens a
broad field of discussion and reflection about multiple aspects of teaching with modern
technologies. Seen from both sides, there is a barrier to knowledge transfer between
what is discussed in more research-oriented literature and more teacher-oriented
journals.

We did not find any systematic overview regarding what is discussed in local teacher-
oriented journals. One likely reason is that they are often written in a language other than
English, and most of them are not listed in scientific databases (e.g. SCOPUS, Web of
Science). Nevertheless, they reflect needs and suggestions from and for in-service teachers.
Thus our contribution to the existing literature is to elucidate what is written and dis-
cussed on the ‘dark side of literature’ about teaching with modern media, and to
discuss it within the perspectives expounded above.
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1.2. Context, objectives and research questions

With 24 official languages, the EuropeanUnion is indeedmultilingual. However, seen from an
educational point of view, this is a huge barrier for an exchange of teaching and learning
material. This also applies tomultimedia software, including the associated concepts and teach-
ing strategies. As teachers usually teach in their native language, they are bound tomultimedia
applications that are offered in that language. A survey of German in-service teacher trainers
has shown that, apart fromvery fewexceptions, teachers and teacher educators donot have any
idea which multimedia applications are used in Spain or France. Probably many well thought
concepts and teaching strategies may be hidden in foreign language domains.

Hence, scientific members of the MPTL group (Multimedia in Physics Teaching and
Learning) wrote this review on multimedia applications for Physics and the corresponding
concepts that are discussed in local-language teacher-oriented papers. We selected such
articles that describe applications and discuss their use in schools. We reviewed articles
written during the last 10 years in 10 European countries. Based on a qualitative
content analysis approach, we built a category system with 81 categories organised in
13 dimensions (e.g. Type of Article, Content, Addressed Persons, Learning Context, Tech-
nological Aspects or Multimedia Characteristics). Table 1 gives an overview, Table A1 in
the supplementary material provides short definitions for these categories (Table B on the
accompanying web page (http://en.did.physik.lmu.de/materials/mptlreview)).

In addition to insights about core topics and teaching concepts, we also analysed
whether the focal areas changed over time. Therefore, we compared two periods: 5
years from 2006 to 2010 and 5 years from 2011 to 2015. This review also provides infor-
mation about a possible discrepancy between the focal points of locally proposed teacher
activities and current international research topics. Altogether, we intended to get insights
referring to the following broader research questions:

. Which are the most commonly addressed topics and educational levels in teacher-
oriented journals?

. Are certain combinations of content and media-related teaching activities preferred?

. Which are most commonly used media and multimedia features and applications?

. How often are the presented approaches based on theoretical/empirical findings?

. Is it possible to classify the articles according to special facets/patterns?

. Are there differences between periods?

. Are there differences between countries?

2. Sample, methods and procedures

2.1. The reviewed journals and articles

Selecting the sample for this analysis was done in three steps:
First, we selected journals that address physics teachers not written in English. In

addition, we added journals that repeatedly publish articles with a strong connection to
in-school practice and that are easily available for teachers. Thirty-four well-established,
language-specific journals from 10 countries were selected and reviewed. The journals
are listed in Table A2 (Table A on the accompanying web page), and a short description
of the analysed journals is given in Table C on the accompanying web page.
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As a second step, all articles dealing with ICT and multimedia applications for physics
were analysed according to the list of features that are described in Table A1 (Table B on
the accompanying web page). This led to 491 articles being reviewed.

In a third step, members of the research team carried out a qualitative content analysis
of the 491 articles. All of them are familiar with the country-specific conditions, have
access to the local, language-specific journals, and can easily get in contact with the
editors. All contributing authors have had a rich experience in the field of multimedia
for many years. All referees have contributed to international conferences and have
written scientific articles on multimedia teaching and learning.

Thus a full census of teacher-oriented articles from well-established journals was ana-
lysed. The frequencies of characteristics do not belong to a subsample of articles but rep-
resent the total amount of teacher-oriented articles in journals concerning physics
education, available in major European languages excluding English.

2.2. Qualitative content analysis

According to Mayring (2014, 2015), the goal of the content analysis is to systematically
analyse recorded communication, theory based and rule based, in order to obtain

Table 1. Dimensions and categories for classification.
Dimensions Categories

TYPE OF ARTICLE Overview; general concepts for teaching and learning; empirical research; concrete
suggestions for teaching; technical information

CONTENT Mechanics; Acoustics; Electricity and Magnetism, Electronics; Thermodynamics;
Optics; Quantum Mechanics; Atoms & Molecules; Solid-State Physics; Nuclear and
Particle Physics; Astro-Physics and Relativity; others; multiple areas

ADDRESSEES Primary; Secondary I; Secondary II; not specified
WHO WILL BE ACTIVE teacher; student (alone); learning groups; not specified
LEARNING PHASE introduction to a topic; exploration; theoretical treatment; exercise and repetition;

expanding and broadening; diagnosis and testing; not specified
TEACHING CONTEXT Strictly associated with a school curriculum; for general, flexible use; for special

interest groups; not specified
SCOPE Supplementary material for a lesson; material for one or two lesson; course material

(.3 lessons); not specified
AVAILIBILITY/COSTS Commercial software; standard educational software; low cost (,10€); free software;

teachers have to create their own applications (guidance for creating applications
are given); not specified

PLATFORM Running only with special hardware; running only with special software; to run on a
PC (Windows PC, Mac OS or Linux); for mobiles; for all platforms (html5), universal
use; not specified

SPECIAL SOFTWARE USED e.g. Algodoo, Goegebra, Sparkvue, Audacity, …
INTERNET No internet needed for running the application; internet based program; internet

provides information, data; cooperative web learning; search tool; remote
activities; others

MULTIMEDIA AS TOOL FOR Experimental activities; data processing; data and knowledge representation
(diagrams, mind maps, tutoring); test, feedback; modelling, simulations;
visualisation, animation; calculations; not specified

USE OF MULTIMEDIA Flexible use possible (for diff. teaching concepts); media comprehensibly applied
(video, tablet, …, data); educational approach with multimedia presented/
discussed; approach and concept justified by theory; approach and concept
justified by empirical data; contribution to media literacy and/or programming;
justification based on experience (e.g. in lessons/not standardised); not specified

MULTIMEDIA CHARACTERISTICS
ADDRESSED

Multicoding (different forms of representation are linked); multimodality (different
senses addressed, e.g. ears, feeling); user actions and corresponding system
reactions; feedback (on knowledge and activities); augmented reality; not specified
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information about selected aspects of the communication. During the qualitative content
analysis, 11 different aspects (dimensions) were taken into account in the categorisation.
These dimensions were derived from the literature on multimedia in physics teaching and
learning (e.g. Altherr, Wagner, Eckert, & Jodl, 2003; Dȩbowska et al., 2013; Scherer et al.,
2017) as well as from standard literature on teacher education. This was the grounding for
a deductive category formation in the first step. In an iterative process, the selected articles
were analysed and decisions were made for every paper and every category whether a
paper was assigned to the category or not. Thereby, any further occurring categories
were added and less important ones were removed from the list of categories. Major
results of the qualitative content analysis are the category system itself (81 categories in
11 dimensions) as well as the frequencies of assignments of papers to categories. In
most dimensions, the same paper may be assigned to more than one category.

2.3. Dimensions and categories for the analysis

The articles are characterised by members of the consortium according to a comprehen-
sive list of criteria. A substructure of this list is given by the following broader criteria,
which are referred to as dimensions. Namely these are type of article, content (subject
matter), addressed users, who will be active, addressed learning phase, context of teaching,
scope, availability of equipment, technical platform, use of internet,multimedia as a tool for
special activities, uses and usability of multimedia, and specific multimedia options. These
dimensions are further specified by so-called categories in order to characterise the articles
more precisely. Table 1 gives an overview, Table A1 provides short definitions for these
categories (Table B on the accompanying web page).

2.4. Procedure

The data about 491 articles are analysed with the intention to reveal information about
multimedia teaching and learning that reaches local teaching communities:

. A first analysis provides an overview of which categories are discussed primarily. For
each of the categories, the relative frequencies show how often these aspects are
handled compared to others.

. The characteristics from articles published in two periods are compared. Focal points in
articles published between 2006 and 2010 are juxtaposed to those from 2011 to 2015.

. Striking coincidences between several aspects and categories are identified, e.g. for
mechanics predominantly experimental activities are presented, whereas for electricity
mostly simulations are described. Correlations and frequency tables are analysed and
show which categories often are related in articles.

. Cluster analyses as well as cross-tables and regression analyses are conducted, identify-
ing activities, concepts or teaching strategies that are often discussed together in articles.
Characteristic patterns and some widespread combinations are uncovered.

. Noteworthy variations in practice among different countries are identified. Specific
characteristics, which might be interesting for other countries, are brought to light (e.g.
in Italy applications for electrodynamics are discussed quite often compared to
Germany, while in Germany there are many articles about mechanics and acoustics).
A transfer of ideas and experience could be of interest.
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2.5. Statistical method 1 – log-linear multiway frequency analysis

Complex relationships among three or more dichotomous variables are studied through
log-linear multiway frequency analysis (Tabachnick & Fidell, 2013). In this kind of analy-
sis, the variables are defined as dichotomous categories organised into dimensions. To
analyse the relationships among the m+n variables grouped into two dimensions M and
N, we applied multiway frequency analysis. A linear model of the logarithm of expected
cell frequencies is developed. The regression equation of the saturated model of a usual
four-way design includes all possible effects:

ln Feijkl = u+ lAi + lBj + lCk + lDl + lABij + lACik + lADil + lBC jk + lBDjl

+lCDkl + lABCijk + lABDijl + lACDikl + lBCDjkl + lABCDijkl

(1)

For each cell, the natural logarithm of the expected frequency, ln Fe, is an additive sum
of the effect parameters, λs, and a constant, θ (Tabachnick & Fidell, 2013, p. 876).

In our case, organising variables into dimensions leads to the phenomenon that certain
interaction terms – those within dimensions – are not allowed, and are thus set to zero.
Think of A and B belonging to dimension M, and C and D belonging to dimension
N. In that case, the interaction terms A× B, A× B× C, A× B× D and
A× B× C × D, as well as C × D, A× C × D and B× C × D are not allowed. Hence,
their λs are set to zero and the regression equation of the saturated model becomes

ln Feijkl = u+ lAi + lBj + lCk + lDl + lACik + lADil + lBCjk + lBDjl . (2)

For each effect, there is a corresponding parameter, λ (effect parameters). And the values
of all lambdas sum to zero (Tabachnick & Fidell, 2013, p. 876). In our case, all factors
contain two levels: 1 – the paper has been assigned to this category, or 0 – the paper
has not been assigned to this category. Table 2 shows a cross tabulation for this example.

The expected frequency generated by the model for each cell is then expressed as a
function of the appropriate parameters (Tabachnick & Fidell, 2013, p. 882). For
example for the cumulated effect of being classified as A and at the same time as C:

Fe1010 = exp (u+ lA1 + lB0 + lC1 + lD0 + lAC11 + lAD10 + lBC01 + lBD00 ). (3)

Since for every effect X, the effect parameter for the factor level 0 equals the negative effect
parameter of the corresponding factor level 1: l(x0) = −l(x1), it follows:

Fe1010 = u+ lA1 − lB1 + lC1 − lD1 + lAC11 − lAD11 − lBC11 − lAD11 . (4)

In a second step, a stepwise model fit procedure is applied using the statistical software R.
Beginning with a log-linear model containing all of the allowed two-way interactions, as
many of them as possible are stepwise eliminated while still maintaining an adequate fit
between expected and observed cell frequencies. Note that the cross tabulation is a projec-
tion of all cells containing a distinct combination of one category in one dimension and
one category in the other dimension. Hence, each cell in the cross table contains the
sum of observed frequencies for all cells containing that combination of categories.

The dichotomous variables were analysed to find out which of the following character-
istics are related:

. Content related to categories from multimedia assisted learning activities,
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. Content related to multimedia strategies,

. Learning activities related to multimedia activities,

. Learning phases/events related to the use of multimedia,

. Learning phases/events related to multimedia features,

. Who is active (using multimedia applications) in certain learning phases,

. Are there differences between periods?

. Are there differences between countries (e.g. the finding that in Germany there are
comparatively many articles that are about mechanics, whereas in Italy there are
more about electromagnetism)?

. Are there significant differences between countries concerning the preferred platform
or the use of internet?

2.6. Statistical method 2 – cluster analysis and random forest procedure

We used cluster analysis to explore different patterns of n=491 articles characterised by 81
categories grouped in 13 dimensions. We selected this analysis to enable the identification
and further validation of meaningful typologies or subgroups of articles. The 81 dichoto-
mous category measures were used as grouping variables. We used SPSS software to
conduct hierarchical cluster analysis with Ward’s clustering method (Ward, 1963),
which seeks to minimise within-group variability while maximising between-groups varia-
bility in Squared Euclidean distance.

Mojena (1977) suggested that the number of clusters could be estimated by choosing
amalgamation coefficients (or fusion values) that exceed the mean by 2.75–3.5 standard
deviations. The approach is to search for an unusually large loss of homogeneity caused
by the fusion of two disparate clusters (Everitt & Howell, 2005). The first number of clus-
ters for which the amalgamation coefficient exceeds the mean by 2.75 standard deviations
is eight clusters. The elbowmethod suggested that a six-cluster solution minimised within-
groups sum of squares as well as an eleven-cluster solution. However, in order to get
better-distinguishing clusters we decided that the eight-cluster solution was most appro-
priate for the data (see Pastor, 2010). Cluster groups ranged in size from 26 to 110 articles.

We used the random forest procedure (Breiman, 2001; for an introduction, see Hastie,
Tibshirani, & Friedman, 2016) to explore the most important variables that form the
eight-cluster solution. We selected this analysis to describe the article types built in the
eight-cluster solution based on the most important variables. The variables used for the
cluster analysis were used as independent variables and the cluster factor was used as a
dependent variable. We used the randomForest package (Liaw & Wiener, 2002) with R
statistical software to perform a random forest procedure with 50,000 trees. Although 9

Table 2. Cross tabulation of expected frequencies for the exemplary
model with four categories in two dimensions.

M

Categories

Dimensions A B

N Categories C F1010 F0110
D F1001 F0101
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variables explain the clustering in a sufficient way (first elbow), we chose to report the 26
most important variables in order to give a better description of the type of article rep-
resented by a cluster.

3. Results

The totality of the results of the analyses is very extensive and beyond the scope of this
article. Therefore, in the following, those results are highlighted which are particularly pro-
nounced, which the authors consider to be of special interest or which contain clear impli-
cations for future work. First, some descriptive findings are shown for the convenience of
the reader. More in-depth analyses will follow.

3.1. Subjects treated

Table 3 shows the statistics on how often a special subject area is treated. The dominant
topics are mechanics, followed by electricity and optics. For comparison, articles with mul-
timedia applications about atoms and molecules, solid-state physics, nuclear and particle
physics are rare (see right column in Table 3). The numbers also show differences between
countries (respectively languages). One can see that there is a substantial collection of
articles in German and Spanish/Catalan about teaching mechanics (these quantities
being well above average). Comparatively, many articles about electricity are written in
Italian. Table 3 also indicates which subject areas are under-represented, and where
ideas about teaching and learning in these areas can be found. There are several articles
on thermodynamics and astrophysics in Spanish/Catalan, frequent articles on quantum
mechanics and solid-state physics in Italian, and many Dutch articles concerning astro-
physics or multiple topics.

3.2. Education levels addressed

Most applications, i.e. 44% were classified to be useful for secondary II (which is beyond
grade 10), 26% were associated with secondary I (grade 5–10) and 3% with primary school.
27% of articles did not specify grade level and could potentially be used in a broader range
of classrooms. It is necessary to mention that the fact that applications for primary school
are under-represented mainly results from the scope of this review – the selected journals
are special magazines for physics teachers. In most countries, there are also special jour-
nals for primary school, covering all subjects, very often with an interdisciplinary
approach. In these journals, issues around physics do not belong to major topics, all the
more if ICT should be involved. As the number of journals and the content scope
would be too broad, we more or less excluded topics for primary school by selecting
specific journals dedicated especially to physics education.

3.3. Comparing time intervals

A number of 244 articles belonging to the time interval 1 (2006–2010) and 247 articles
from time interval 2 (2011–2015) were reviewed.

Most impressive, albeit expected, is the increase of articles describing activities with
mobile phones (an increase from 2 to 57). There is also a strong increase in low cost exper-
iments (from 7 to 32), and experiments with digital measuring devices (from 66 to 116).
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The last token is also in line with the fact that many applications with mobiles use new
means of collecting data with smartphones. Most of these experiments are already well
known, but nowadays can be realised more easily with modern equipment.

Also remarkable is the decrease in articles which describe and work with standard edu-
cational software, e.g. with PASCO or LEYBOLD software (a decrease from 30 down to 7)
and commercial software, e.g. EXCEL (from 66 down to 36). There was even a greater
downward slide in testing knowledge with software (from 15 to 7).

Aside from these differences, the frequency analysis showed no significant changes.

3.4. Programming and computer-based techniques

In the past, working with a programming language was common in examining relations
between physical quantities. However, numerical calculations are mentioned in less than
2% of the reviewed articles (and slipped from 6 to 3 during the two intervals). A contri-
bution to media literacy is discussed in less than 4% of the articles. In addition, in less than
4% of the articles teachers have to adapt applications using software techniques. Infor-
mation about any hardware at all is given in about 15%. Thus basic technical topics do
not appear often in teacher-oriented journals.

3.5. Use of mobile devices, internet, soft- and hardware platforms

Even for the time after 2010, most articles do not describe applications that rely on internet
connectivity at all (about 60%). Less than 20% use internet-based programs. Exceptions

Table 3. How often are different topics discussed in different languages? The last column lists
frequencies and percentages of papers overall covering the respective topic.

Language

Content Dutch French German Italian Polish Spanish/Catalan All

Mechanics Quantity 24 54 10 5 40 140
% in this language 21.1% 42.5% 14.7% 10.9% 40.8% 28.5%

Acoustics Quantity 14 5 29
% in this language 11.0% 5.1% 5.9%

Electricity and Magnetism,
Electronics

Quantity 8 5 9 19 51

% in this language 7.0% 25.0% 7.1% 27.9% 10.4%
Thermodynamics Quantity 6 9 23

% in this language 8.8% 9.2% 4.7%
Optics Quantity 8 12 6 35

% in this language 7.0% 9.4% 8.8% 7.1%
Quantum Mechanics Quantity 5 9 24

% in this language 4.4% 13.2% 4.9%
Atoms and Molecules Quantity 6

% in this language 1.2%
Solid-State Physics Quantity 9 13

% in this language 13.2% 2.6%
Nuclear and Particle Physics Quantity 7

% in this language 1.4%
Astrophysics and Relativity Quantity 6 5 5 11 31

% in this language 5.3% 3.9% 10.9% 11.2% 6.3%
Others Quantity 8 15

% in this language 7.0% 3.1%
Multiple Areas Quantity 47 6 24 17 17 22 137

% in this language 41.2% 30.0% 18.9% 25.0% 37.0% 22.4% 27.9%

Notes: For a better overview, only frequencies greater than 4 articles are listed. (Hence, Hungarian and Slovene articles are
not listed.)
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are Dutch and Polish articles with a rate of 40% using web-based programs. About 15%
use at least web-based data. It appears that internet connectivity is not a reliable tool in
all schools so far and off-line computer programs are still important.

Only two articles published before 2011 made use of mobiles (see Figure 2). Hoeven
(2006) used wireless networks in the classroom to watch videos together and to distribute
information. Fromme (2009) first described how to use smartphone sensors to measure
forces/acceleration in a lift. Table 4 reveals that most of the articles about smartphones
in the physics classroom are published in German and that this has become an important
topic in Germany.

Concerning software and hardware, there are no huge differences between countries.
Only a few tendencies shall be described: more than 70% of Polish and French articles
build on devices with Windows, Mac-OS or Linux (average 45%). Platform independent
software especially based on HTML5 and running on all devices with a web browser, with
and without internet connectivity, is used in 35% of the Dutch articles and in 27% of the
German articles, the cross-country average is 16%.

3.6. Theory-based approaches

In about 32% of the articles, the educational approach is discussed. However, less than 7%
refer to a theoretical grounding, and only about 9% are based on empirical data. Often (in
about 22%) the justification for a concept is based on experience. Thus there are very few
references to research findings.

Articles referring to a theory were published in Spain (9), France (7), Germany (7), the
Netherlands (6) and Italy (3). Taking into account the number of published articles per
country there is a significant correlation (r = .238, p < .001) between being published in
France and having the approach and concept justified by theory. Within these countries,
several journals were incorporated. The justification by theory is not correlating to the
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Figure 2. Frequencies and percentages of articles that describe applications for mobiles, smartphones
or tablets by year.
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journal. The publishing dates are widely spread and only slightly over-proportional in
2006.

Concerning the type of article, there are significant positive correlations between
‘approach and concept justified by theory’ and ‘general concepts for teaching and learning’
(r = .174, p < .001) as well as between ‘approach and concept justified by theory’ and
‘empirical research’ (r = .194, p < .001). In line with these correlations, there is a significant
negative correlation between grounding approach and concept on theory and giving con-
crete suggestions for teaching (r = .174, p , .001).

Regarding the teaching context, there is a significant negative correlation between
‘approach and concept justified by theory’ and being strictly associated with a school cur-
riculum (r = .172, p < .001).

Furthermore, articles which ground their use of multimedia on theory show a signifi-
cant positive correlation to describe user actions and corresponding system reactions
(r = .126, p < .01).

It must be emphasized, however, that these are really very weak correlations.

3.7. Subject content and multimedia as a tool for special activities

The following significant relationships between categories/facets of different dimensions
were found by a log-linear multiway frequency analysis.

Suggested teaching and learning activities with multimedia depend on the content
treated (i.e. Mechanics, Acoustics, Electricity and Magnetism, Electronics, Thermodyn-
amics, Optics, Quantum Mechanics, Atoms and Molecules, Solid-state Physics, Nuclear
and Particle Physics, Astrophysics and Relativity, Others, Multiple Areas). Several combi-
nations were discussed more often than others were.

In Table 5, relevant and significant combinations are marked. Positive numbers indi-
cate positive relationships, clearly beyond the average, and negative values vice versa.
The statistical procedure used takes into account the different frequencies of combi-
nations. The tabulated data show effect parameters of interaction effects, except the last
column and the last row showing effect parameters of main effects. A significant inter-
action effect means that the main effects alone cannot explain the expected frequency.
For example, the combination of ‘Astrophysics and Relativity’with ‘Visualisation, Anima-
tion’ according to the current data is expected to be exp (1.75) = 5.75 times higher than
one would expect according to the main effects of the two categories/facets. Another

Table 4. Articles that describe applications for mobiles, smartphones or tablets by year and country.

Year Country

Year Germany Netherlands Italy Spain Poland Austria Hungary Total Percentage per year

2006 1 1 1.8
2007 0 0.0
2008 0 0.0
2009 1 1 1.6
2010 0 0.0
2011 7 7 16.3
2012 1 1 3.1
2013 4 2 1 3 10 15.9
2014 8 2 1 1 12 24.5
2015 20 1 3 2 1 27 45.0
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Table 5. Multiway log-linear frequency analysis (two-dimensional, multi-faceted log-linear analysis). Optimised model with only inter-dimensional two-way
interactions allowed.

Experimental
activities

Data
processing

Data and knowledge
representation

Test,
feedback

Modelling
simulations

Visualisation,
Animation Calculations

Not
specified

Mechanics 0.69∗∗∗ −1.22∗∗ 0.32 −1.15∗∗∗
Acoustics 1.57∗∗∗ −0.84 −3.30∗∗∗
Electricity and Magnetism
Electronics

1.64∗∗∗ 1.53∗ −2.49∗∗∗

Thermodynamics 0.61 −3.19∗∗∗
Optics −2.45∗∗∗
Quantum Mechanics −1.49∗ 0.84 1.22∗∗ −3.07∗∗∗
Atoms and Molecules −4.04∗∗∗
Solid-State Physics 1.75∗∗ −3.70∗∗∗
Nuclear and Particle Physics −3.68∗∗∗
Astrophysics and Relativity −1.48∗∗ −1.34 1.75∗∗∗ −2.69∗∗∗
Others 1.16 1.33 −3.56
Multiple Areas −0.86∗∗∗ 1.18∗∗ −0.43 2.15∗∗∗ −0.72∗∗∗

−0.52∗∗∗ −1.90∗∗∗ −2.29∗∗∗ −3.14∗∗∗ −0.79∗∗∗ −1.79∗∗∗ −3.94∗∗∗ −3.71∗∗∗

Note: ∗∗∗p , .001, ∗∗p , .01, ∗p , .056.

Table 6. Extract of the multiway log-linear frequency analysis for the dimensions ‘learning phase’ and ‘multimedia used for’.
Experimental
activities

Data
processing

Representation (diagrams,
maps, …) Feedback

Modelling
simulations

Visualisation,
Animation Calculations

Not
specified

Introduction to a
Topic

−1.27∗∗ 0.67 1.66∗∗∗ −2.50∗∗∗

Exploration 1.27∗∗∗ −1.06∗∗∗
Theoretical Treatment 1.18∗∗∗ 2.98∗∗∗ −2.79∗∗∗
Exercise and
Repetition

0.74 0.87 2.28∗∗∗ 1.75∗ −3.56∗∗∗

Expanding and
Broadening

0.73∗ −1.01 −1.35∗∗∗

Diagnosis and Testing −1.59∗ 5.30∗∗∗ −3.87∗∗∗
not specified −0.80∗∗∗ 1.85∗∗∗ −1.03∗∗∗

−0.76∗∗∗ −1.98∗∗∗ −2.56∗∗∗ 4.02∗∗∗ −0.90∗∗∗ −1.84∗∗∗ −5.15∗∗∗ −3.39∗∗∗

Note: ∗∗∗p , .001, ∗∗p , .01, ∗p , .05.
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example: main effects of ‘Experimental Activities’ and ‘ Visualisation, Animation’ show
parameters of −0.52 and −1.79, respectively. Hence, ‘Experimental Activities’ are
exp (− 0.52)/exp (− 1.79) = exp (− 0.52+ 1.79) = exp (1.27) = 3.56 times more
often addressed than ‘ Visualisation, Animation’ due to the main effect.

In percentage terms, there are many more suggested experimental activities for acous-
tics and mechanics than for other topics, while there are considerably fewer for quantum
mechanics and astrophysics. Special tools for knowledge representation are applied
especially for topics from electricity and solid-state physics. Modelling is favoured for
quantum mechanics, and visualisations and animations are especially favoured for astro-
physics. Significantly, more calculations are suggested for electricity and magnetism than
for other content areas.

3.8. Special multimedia features in practice

Features that digital media can offer more easily than other media are multicoding, multi-
modality, interactivity and augmented reality.

Being the topic of about 66% of the reviewed articles, use of multicoding was very
common. Multimodality, i.e. the use of different input channels like eyes and ears, was
a topic in merely 9%. Interactivity with requisitions for learning activities was a topic in
14% of the reviewed articles, ranking before feedback about learning progression in
merely 4%, and augmented reality in a meagre 1%.

Multiway frequency analysis did not reveal significant priorities for specific content
areas. Nevertheless, one result should be mentioned: the use of augmented reality,
although a new exciting approach, was only deployed in six papers. Three of them referred
to astronomy and the observation of a starlit sky, one referred to meteorology, one dealt
with relativistic effects and one was about deflection of electrons in fields.

3.9. Multimedia applications for different teaching and learning phases

Multimedia applications were used for various phases/stages of teaching and learning. We
analysed whether there were certain types of application favoured for ‘an introduction to a
topic’, ‘exploration’, ‘theoretical treatment’, ‘exercise and repetition’, ‘expanding and
broadening’ or ‘diagnosis and testing’. Applications for ‘experimenting with digital
media’, ‘data processing’, ‘data and knowledge representation (Diagrams, Mind Maps,
Tutoring)’, ‘testing’, ‘modelling and simulating’, ‘visualising and animated illustrations’,
as well as ‘calculations’ were considered (see Table 6).

Experimenting with digital media was primarily used for explorations, and to a minor
extent also for introductory phases or diagnosis and testing. Special representations (for
data and knowledge) were applied primarily for expanding and broadening of knowledge,
and for exercise and repetition. Modelling and simulations were often used for theoretical
treatments, but not for diagnosis or testing. Visualisations and animations were favoured
for introductions. Calculation with modern media predominantly was applied for theor-
etical treatments as well as for exercise and repetition. It should be mentioned that there
were no significant differences between countries.

Even so, a comparison between articles in different languages shows that there are
many suggestions for explorations in German (70), Spanish/Catalan (43) and Polish
(21). On the other hand, expanding and broadening is a focus in Italian (40) journals
and is addressed in nearly 60% of the Italian contributions.
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3.10. Actors and activities

Furthermore, we analysed who (teacher, student or student groups) was intended to use
the applications for ‘an introduction to a topic’, ‘exploration’, ‘theoretical treatment’, ‘exer-
cise and repetition’, ‘expanding and broadening’ or ‘diagnosis and testing’ (see Table 7).

Exercise and repetition with multimedia applications was rarely assigned to teachers; in
contrast to that, many more applications for expanding and broadening were foreseen to
be presented by teachers. (However, in this particular field there were differences between
countries. In Germany, expanding and broadening as well as theoretical treatments were
preferentially assigned to teachers.) Students alone were predominantly thought to realise
explorations, exercises, repetitions, and tests, but not to perform theoretical treatments.
For working in groups, most often exercise and repetition and expanding and broadening
of knowledge was favoured. There were no further noteworthy differences between
countries.

3.11. Identifying types of published articles – based on a cluster analysis

Cluster analysis helps to explore characteristic patterns of the articles studied (n = 491)
specified by the 81 categories described above. The intention is to identify meaningful
typologies or subgroups of articles.

The first number of clusters for which the amalgamation coefficient exceeds the mean
by 2.75 standard deviations is eight clusters. The elbow method suggested that a six-cluster
solution minimised the within-groups sum of squares as well as the eleven-cluster sol-
ution. However, in order to get better resolution, we decided that the eight-cluster solution
was most appropriate for the data. Cluster groups ranged in size from 26 to 110 articles.

Although according to the random forest procedure which was applied, nine variables
explain the clustering in a sufficient way (first elbow), we chose to report the 26 most
important variables in order to give a better description of the type of article represented
by a cluster.

3.11.1. Characteristics of the eight cluster types
Table 8 provides an overview in which dimensions the different types have characteristic
features. Of course, a single article cannot address all multimedia options. The approach
via cluster analysis tries to find out what features the authors tend to discuss in combi-
nation, respectively what they do not combine or do not take into account.

Table 7. Extract of the multiway log-linear frequency analysis for the dimensions ‘learning phase’/
‘learning event’ and ‘who will be active’.

Teacher Student (alone) Learning groups Not specified

Introduction to a Topic 0.59 −0.98∗ 3.66∗∗∗
Exploration 0.62∗∗ 0.41 −0.54∗∗ −1.55∗∗∗
Theoretical Treatment −1.63∗∗ 0.51 0.99∗∗ −2.50∗∗∗
Exercise and Repetition −1.12 1.56∗∗∗ 0.99∗ −1.33∗ −3.54∗∗∗
Expanding and Broadening 0.48 0.65∗∗ −0.51∗ −1.45∗∗∗
Diagnosis and Testing 1.82∗∗ −3.94∗∗∗
Not specified −0.51∗ −2.08∗∗∗ 1.34∗∗∗ −1.20∗∗∗

−2.24∗∗∗ −1.06∗∗∗ −1.00∗∗∗ −0.58∗∗∗

Note: ∗∗∗ p < .001, ∗∗ p < .01, ∗ p < .05.
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The following section describes the different types and adds labels to them, in order to
underline main aspects that are characteristic for the respective type of article. It should be
emphasised that clustering is based on a statistical procedure. Hence, not all the articles of
a cluster have precisely the same characteristics, but there are more similarities between
articles within a cluster than to those of another cluster.

Articles of Type A (labelled Course Material) present course material that is strictly
associated with a school curriculum and often make use of free software. Having a close
look at specific content, a flexible use of multimedia is not a major intention. A matching
with specific teaching and learning intentions is preferred. In contrast to Type G where the
focus lays on experimental activities, these articles are less likely to promote experimental
activities, but provide digital tools and computer programs to enhance teaching and learn-
ing of specific, curriculum-oriented contents.

Articles of Type B (labelled Overview Type) are more likely to describe superordinate
teaching ideas for general flexible use. They refer to multiple areas, but addressees who
will be active or learning phases scarcely are determined. Articles of type A are less
likely to give concrete suggestions for teaching and learning, but are thought to provide
an overview, and promote multimedia tools that allow for a flexible use. Thus limited spe-
cifications about addressees, learning phases, as well as specifics of a content make sense.

Articles of Type C (labelled Modelling and Simulations) use in most times freely avail-
able, sometimes internet-based software for modelling or to run simulations, however, not
for experimental activities. These articles present supplementary material mainly for a
single lesson. Indeed, apart from a few exceptions, there is a separation between articles
discussing simulations and modelling in one cluster, and articles with experimental activi-
ties in another cluster (Type G). There are only a few articles that combine experimental
activities with theoretical considerations, and which use for that simulations or programs
for modelling.

Articles of Type D (labelled Experimental Activities) present tools for experimental
activities and data processing. They do not need internet access, and rarely make use of
multicoding. These articles do not discuss multimedia characteristics. Usually, the focus
is clearly laid on media assisted experiments (computer and modern digital devices).
Further aspects obtain a minor importance.

Articles of Type E (labelled Special Interest Groups) promote supplementary material
for a lesson to be used by a special interest group. They do not give concrete suggestions
for teaching and do not specify who will be active, or how long to teach, but provide
material to give deeper insights into special topics and the use of a PC is promoted.
The justification of a pedagogical approach is mostly based on experience.

Articles of Type F (labelled Expanding and Broadening) give concrete suggestions for
expanding and broadening of knowledge, especially in higher secondary education.

Articles of Type G (labelled Data Acquisition) give concrete suggestions for teaching,
subsequent to or in combination with experimental activities, especially in the field of
mechanics. These articles promote multicoding by the use of special commercial software,
but Internet access is not needed. They are more likely to specify addressees, as they often
presume specific prior knowledge or basic skills.

Articles of Type H (labelled Smartphone Physics) present or discuss educational
approaches with multimedia and promote the use of smartphones, apps and low-cost
material for experimental activities. Internet access is not always needed. An educational
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Table 8. Description of the types of articles sorted by frequencies.
Dimension Type A Type B Type C Type D

label Course Material Overview Type
Modelling and
Simulations Experimental Activities

TYPE OF ARTICLE +Overview
-Concrete
Suggestions for
Teaching

CONTENT +Multiple Areas
ADDRESSEES +Not specified
WHOWILL BE ACTIVE +Not specified
LEARNING PHASE +Not specified
TEACHING CONTEXT +Strictly Associated

with a School
Curriculum

+For General,
Flexible Use

SCOPE +Course Material +Supplementary
Material for a Lesson

AVAILABILITY +Free Software +Free Software
PLATFORM +Personal Computer
INTERNET +Internet Based

Program
+No Internet Needed to
Run the Application

MULTIMEDIA TOOL
FOR

-Experimental
Activities

+Modelling,
Simulations

+Experimental Activities

+Experimental
Activities

USE OF MULTIMEDIA -Flexible Use of
Multimedia

+Flexible Use of
Multimedia

-Educational Approach
with Multimedia is
Presented/Discussed

MULTIMEDIA
CHARACTERISTICS

+Not specified

-Multicoding
Count 110 93 73 63
Percentage 22.4% 18.9% 14.9% 12.8%

Dimension Type E Type F Type G Type H
Special Interest

Groups
Expanding and
Broadening Data Acquisition Smartphone Physics

TYPE OF ARTICLE -Concrete
Suggestions for
Teaching

+Concrete
Suggestions for
Teaching

+Concrete
Suggestions for
Teaching

CONTENT +Mechanics
ADDRESSEES +Secondary II

(grade 11-12)
-Not specified

WHO WILL BE
ACTIVE

+Not specified

LEARNING PHASE +Expanding and
Broadening

+Exploration

TEACHING CONTEXT +Only for Special
Interest Groups

SCOPE +Supplementary
Material for a
Lesson

+Supplementary Material
for a Lesson

+Not specified
AVAILABILITY +Commercial

Software
+Low Cost (less than ten
Euros)

PLATFORM +Personal Computer +Running Only With
Special Software

+Mobiles

+Running Only With
Special Software

INTERNET +No Internet
Needed to Run
the Application

+No Internet Needed
to Run the
Application

+No Internet Needed to
Run the Application

(Continued )
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approach with multimedia is presented and justified based on experience. These articles
tend to present supplementary material for a single lesson, especially for exploratory learn-
ing. Multi-coding is employed too, using technical features of modern devices.

The cluster analysis reveals tendencies for several foci, which, on one hand make sense,
as there are obviously aspects and interdependencies that should be considered in combi-
nation. On the other hand, this uncovers also a few necessities for further considerations.
Combining experimental data with a testing of theory via simulations or models is an
example. Further options are displaying and discussing experimental data in different rep-
resentational forms, as well as knowledge presentation for expanding and broadening of
knowledge in different codings and modalities. More web-based activities could be dis-
cussed in combination with experiments, additional context-oriented information and
applications of physics in different areas, as well as data processing via internet-based
(professional work-oriented) tools.

3.11.2. Relative frequencies of cluster types
According to the derived pattern of articles, the frequencies of all types are plotted, distin-
guished by country/language (Figure 3) or by timespan (Figure 4).

. Articles of the type Smartphone Physics have only been published in Germany. This
type came up in 2011 and has been gaining presence over time.

. Numerous articles of the type Modelling and Simulations are written in Spanish/
Catalan, German, some in Dutch and Polish but not so often in Italian and French.

. Expanding and Broadening of knowledge, assisted by digital media, can be found fre-
quently in Italian and French articles.

. Articles published in Polish often address Special Interest Groups and are intensely
content oriented.

. Articles of the type Data Acquisition are very common mainly in Spanish/Catalan.
These articles usually also explain experimental procedures with digital media.

. Articles of the type Experimental Activities appear to be popular inGerman. This cluster
has similar characteristics as the type ‘Data Acquisition’. However, the focus is laid on
experimental activities and not primarily on data and data processing.

Table 8. Continued.
Dimension Type E Type F Type G Type H

Special Interest
Groups

Expanding and
Broadening

Data Acquisition Smartphone Physics

MULTIMEDIA TOOL
FOR

+Experimental
Activities

+Experimental Activities

USE OF MULTIMEDIA +Justification Based
on Experience

+Educational Approach
With Multimedia is
Presented/Discussed

+Justification Based on
Experience

MULTIMEDIA
CHARACTERISTICS

-Multicoding +Multicoding +Multicoding

Count 48 42 36 26
Percentage 9.8% 8.6% 7.3% 5.3%

Notes: Eight-cluster solution, 36 most important variables for description. ‘+’: the type is more likely to show this attribute.
‘−’: the type is less likely to show this attribute.
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Expanding and broadening as well as smartphone physics are based on modern tech-
niques. Thus these types came up more during the recent years. Experimental activities
and data acquisition could nearly retain their ranking and are still an important topic
with digital media. Presenting overviews and providing course material decreased in
favour of a focus on the new mobility and a connection to our global information
community.

4. Discussion

This article intends to give insights into what is written about multimedia in local journals,
which, in first place, address in-service teachers. Concerning the research questions for-
mulated in the introduction various meaningful insights were given.

Ac vi es

Smartphone Physics

Overview

Course Material

Modelling and
Simula ons

Special Interest
Groups

Expanding and
Broadening

Data Acquisi on

Experimental
10%

15%

35%

49%

40%

10% 9%

25%

11%

45%

34%

FRENCH ITALIAN DUTCH POLISH SPANISH GERMAN

33%
33%

13%

29%

17%

11%
12%

17% 19%

22%

20%

59%

Figure 3. Percentage of article type by language.

26%
7%

35%
61%

32%

62%

48%

35%
28%

17% 19%

42% 31%

20% 28%

2006–2010 2011–2015

Special Interest
Groups

Modelling and

Experimental

Course Material

Overview

Expanding and
Broadening

Smartphone Physics

Figure 4. Change of published article types over time. Percentage of article type by period.

1200 R. GIRWIDZ ET AL.



4.1. The categories

In order to keep our eyes open for additional facets which are discussed in these journals
and which are not a current focus for scientific research, a broad list of dimensions and
categories was developed and applied for this review.

4.2. Frequent combinations of features

Some combinations of categories appear more frequently than others. The following
examples indeed make sense in a teaching situation: mechanics with experiments, electri-
city with simulations, astrophysics with augmented reality and acoustics with multimod-
ality. Certainly, it appears to be feasible to provide experimental activities where you can
observe effects caused by changing parameters (e.g. in mechanics). Simulations can visu-
alise and illustrate relevant factors that cannot be seen directly (e.g. the background of
phenomena in electricity). Augmented reality can provide guidance in complex structures
(e.g. for astronomy), and data about acoustic phenomena can be provided in diagrams and
as examples to hear. This facilitates new approaches.

However, what are the relevant boundary conditions for effective learning, and is it
possible to derive rules to transfer findings to other subject areas? For in-service tea-
chers, it would be helpful to describe rules to specify what suitable tools for a certain
learning content are. Corresponding examples could/should illustrate how those
rules can be applied in practice easily. There are many concrete examples available in
these journals. However, the connection to a theoretical background is missing in
most cases.

4.3. Commercial and standard soft- and hardware is a minor topic

Reports about commercial and standard software decreased in popularity. Seemingly,
authors do not see the need for additional information and/or do not want to compete
with commercial descriptions. For example, in Germany the use of commercial software
from huge providers like Leybold or Pasco nearly is not discussed. According to a discus-
sion with several editors, there might be two reasons for that: (a) there are already many
descriptions offered by the producers; (b) authors and editors hesitate to favour one pro-
ducer or fear to address only a limited readership.

4.4. Types of articles found by cluster analysis

Using cluster analysis, eight types of articles were identified. The outcome does not only
show what many authors think to be important to consider together in their articles, but
also point to some rarely discussed combinations of features. Indeed, several aspects and
possibilities could/should be explained more deeply.

4.5. Experience based approaches, no research background

There is a necessity to show concrete implementation of research-based findings.
There is really a need for more knowledge transfer from research to teacher-oriented
journals.
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Nevertheless, we could not find clear discrepancies between research-based statements
and suggested teaching methods, although only very seldom the suggested approaches are
clearly based on theoretical/empirical findings. Thus there are important questions that
could and should be clarified by empirical data, especially concerning relevant precondi-
tions. Are certain learning activities better supported by specific multimedia features, and/
or what are relevant conditions for that? For example, is it feasible to support an introduc-
tion into a topic by visualisations and animations, while for theoretical treatment simu-
lations are more adequate to focus on essential aspects? Statistics, respectively the
frequencies of corresponding articles, support this assumption. But, at present this only
reflects beliefs or personal experiences of the authors.

Another important ‘educational parameter’ is whether an activity is student- or
teacher-led. The reviewed articles show tendencies: e.g. expanding and broadening is
led by teachers (at least in Germany). A reason might be that guidance is needed, as lear-
ners do not have the required overview to use and integrate new information in proper
ways. This is well supported by recent meta-analyses, showing clearly that unguided dis-
covery or inquiry-based learning does not work (Alfieri, Brooks, Aldrich, & Tenenbaum,
2011; Furtak, Seidel, Iverson, & Briggs, 2012). However, in the reviewed articles this is not
tracked back to empirical data.

Another important question is, should learning with a multimedia application be done
by a student alone or is it more effective to work in learning groups? Again, there is ample
meta-analytical evidence available in favour of collaborative learning (Johnson & Johnson,
2009; Springer, Stanne, & Donovan, 1999), and fine-grained and recent research has
brought further insight how to best exploit this large potential by specific design features
(e.g. by complementary resources and other structuring elements of the group work;
Buchs, Butera, & Mugny, 2004; Buchs, Wiederkehr, Filippou, Sommet, & Darnon,
2015). Again, in the teacher journals, there is a broad spectrum of suggestions, but they
are presented in the vast majority of articles without any underlying empirical research.

ICT use in physics education is a technologically highly innovative field, but when it
comes to the educational research background, we must state with Fullan and Scott
(2009) that ‘Failed implementation is the bane of all change aspirations’. This appears
as a strange contradiction between technological and educational innovation, at state of
affairs deserving further attention in the field of physics education, and to which we
come back in the recommendations below.

5. Conclusion and recommendations

5.1. Different sources behind language barriers

Mainly addressed categories, especially subject contents, differ from country to country,
respectively from language to language. This becomes quite evident in Figure 3. There
are indeed different resources for practically oriented applications. On the one hand,
there is a considerable number of concepts about
. Smartphone physics in German,
. Modelling and simulations as well as working with experiments and data in Spanish/

Catalan and German,
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. Concerning expanding and broadening in Italian and French,

. Material for special interest groups in Polish.

On the other hand, the cluster analysis also shows in which fields a transfer of idea
could be fruitful.

5.2. Implications for authors, editors and publishers

Despite the broad exchange of ideas between developers and educational researchers
across Europe on conferences and in academic journals, important types of articles con-
cerning the use of multimedia remain restricted to single languages.

Publishing teacher-oriented articles is the straightforward way to present research
on teaching and learning physics with multimedia. Therefore, it would be valuable
to ensure the distribution of current improvements across Europe by translating sig-
nificant articles into several European languages. Authors and publishers should deter-
mine whether local traditions constrain writing and publishing teacher-oriented
articles. Publishers can enrich local diversity by translating foreign articles in
several European languages to transfer also ideas and practical experiences about
teaching.

Thus further steps should be taking a closer look at local focus areas to make available
the special ideas of those articles that are really hidden behind language barriers. This
could be beneficial towards two goals: first, to broaden the available spectrum of best prac-
tice examples (Guskey, 2002), second to inspire further research of what could and should
be criteria for effective teaching with digital media. It would be of valuable work to docu-
ment and distribute the main ideas and strategies for teaching, which come from the
different European countries and which are hidden for many teachers behind language
barriers.

Concerning the lack of theoretical background, one option could be to provide a short
theoretical basis in each article or to begin special topical issues with an introductory
theoretical article and include reports on current research.

Alternatively, practitioners and researchers should be encouraged to write articles in
collaboration.

This could contribute towards enhancing TPACK and teaching and learning with
digital media and provide examples for application-oriented discussions.

5.3. Implications for funding bodies

Funding should be provided to build a best practice repository with translations of selected
exemplary teacher-oriented articles from different countries. In a first step, sources should
be translated to English, and then multilingual versions should be provided. Thereby,
financing should cover open access fees.

Furthermore, implementation of research results into schools should be supported.
Imagine a transfer from science education to scholarly teaching comparable to technology
transfer initiatives like the EU COST program.
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5.4. Implications for teaching and teacher education

Pre-service and in-service teacher education should emphasise the importance of the
underlying theoretical concepts of teaching and learning with multimedia and include
contemporary educational research. Teacher-oriented journals can serve as primary
source to facilitate teachers’ life-long learning (Hoekstra et al., 2009; Kyndt et al., 2016;
Richter et al., 2011). Moreover, teachers should be sensitised to the evaluation of their
own teaching and they should be provided with the necessary tools to do so.

Teachers using innovative multimedia applications in their classroom should provide
authors with feedback and reports of their experience (Comi et al., 2017; Jen et al., 2016).

5.5. Concluding remark

The authors hope that the suggested ideas can be realised in the near future.
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