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Abstract 

In the digital condition, social networks are part of the everyday practices that produce 

constructions of space. To include this phenomenon in the Geography classroom, the 

corresponding knowledge that teachers require and how to measure it need to be 

determined. For this purpose, a specific instrument is necessary. We analyse constructions of 

space as a teacher knowledge domain through the lens of the TPACK model and deduce 

pedagogical and technological knowledge. We then combine these results with available 

TPACK survey instruments. The product is a self-assessment survey for Geography teachers 

on constructions of space and social networks. Scale consistency measures and item 

discrimination yielded good results. Initial results indicate technological and pedagogical 

knowledge to be greater than content knowledge. The instrument we present is valid for 

determining future Geography teachers’ TPACK more broadly, and can reveal implications 

for interventions in Geography teacher education.  
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TPACK, digital Media, geography, constructions of space, teacher education 

1 Introduction  

In today’s society, the digital is part of everyday life, interwoven into everyday practices. 
Interpreting ‘real-life’ encounters, forming an opinion or communicating with friends are all 
embedded in a base of digital information. Consequently, it has become increasingly difficult 
to differentiate between ‘the digital’ and the ‘non-digital’. Stalder (2018) labels this ‘the digital 
condition’: a societal state defined by referentiality, communality and algorithmicity. We will illustrate 
these terms in the context of social networks, as these are environments of everyday practices 
in the digital condition. Say, for example, you take a photo of your city (e.g. Frankfurt) and 
add #Frankfurt to the photo’s description when posting it on Instagram. This simple act of 
ascribing a location through a hashtag links this picture to a number of other photos under the 
same hashtag (referentiality). To add a little perspective: searching #Frankfurt on Instagram 
produces 12.1 million results (as of 11 January 2021). What is already implied here is that your 
post is ‘quoting’ other posts in the choice of photo location, camera angle and curation (i.e. 
through filters). This iterative and constant production of content and thereby meaning in turn 
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produces a community in which this meaning is preserved (communality). Algorithmicity is present 
in all the actions described above, as algorithmic decisions bundle the content made available 
to us and therefore co-produce social networks.  

The phenomenon illustrated in the example can be referred to as an instance of constructions 
of space, because the images and posts are highly charged with contextual meaning. On social 
networks, constructions of space become accessible through analysing everyday 
(communicative) practices that are performed against the backdrop of a digitally augmented 
world (see Reithmeier, Kanwischer & Schulze, 2019). As a phenomenon of the digital 
condition, constructions of space are ingrained in students’ and teachers’ everyday practices, 
and are constantly available through extensive social network and mobile devise usage. As 
such, they can become fruitful instances of reflexive learning through the digital in the 
Geography classroom. 

However, for Geography teachers to be able to implement constructions of space, there are a 
number of prerequisites. Therefore, our superordinate research question reads: 

1. What knowledge do Geography teachers need if they are going to include 
constructions of space in the classroom? 

This requisite knowledge, then, needs to be fostered in Geography teacher education. 
However, this prompts the following question: what knowledge do Geography teachers 
already possess in the field of constructions of space and social networks? Before this question 
can be answered, we need to have some way of measuring teachers’ knowledge and abilities. 
Therefore, we pose the following question:  

2. How can this knowledge and these abilities be measured? 

We propose to approach these questions by analysing the literature on constructions of space, 
and corresponding media education approaches, through the lens of the Technological 
Pedagogical Content Knowledge (TPACK) model (Mishra & Koehler, 2006). Building on this, 
we will examine available instruments for measuring teacher knowledge in the area of the 
digital. Finally, we will present our own survey for measuring Geography teachers’ 
technological-pedagogical-content knowledge of constructions of space and social networks. 

2 The TPACK model of teacher knowledge 

We selected the internationally recognized TPACK model for teacher knowledge as a frame 
of reference (Mishra & Koehler, 2006). Building on Shulman’s (1986) knowledge domains of 
Pedagogical and Content knowledge, as well as their intersection (Pedagogical Content 
Knowledge), the TPACK model introduces Technology as a third independent knowledge 
domain. At the same time, it presents the intersections of these domains as specific 
knowledge spheres themselves (Fig. 1). 
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Figure 1: TPACK model (Mishra & Koehler, 2006); Reproduced by permission of the publisher, © 2012 by 

tpack.org 

Following Mishra and Koehler (2006), technological pedagogical content knowledge is applied 
in practical teaching in the classroom. Here, for successful teaching, the various knowledge 
spheres of the model need to be blended together by the individual teacher in compiling tasks, 
giving instructions, etc.   

In the context of the digital, the TPACK model has been criticised for narrowing down the 
areas of knowledge required by teachers (e.g. Schiefner-Rohs & Hofhues, 2018). At the same 
time, it has been criticised for its broadness, which could hinder its effective application (e.g. 
Brantley-Dias & Ertmer, 2013). 

We take these criticisms seriously and consider them in our adaptation of TPACK; we add 
knowledge of social networks and more general knowledge about digital media to the 
technological sphere. Through this, we strive to move beyond a view of digital media as 
instruments towards a view of the digital and media as everyday practices.  

3 Knowledge domains  

Building on the areas of teacher knowledge identified by Mishra and Koehler (2006), we 
systematically analysed the literature on the knowledge that teachers need in order for them to 
be able to include constructions of space in the classroom. In what follows, we will briefly 
present the results for each knowledge realm. As constructions of space as a topic within 
Geography education are the starting point of our considerations, we will present the content-
knowledge domain first. Subsequently, we will deduce related pedagogical and technological 
knowledge. 
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3.1 Content Knowledge (CK) 

Constructions of space are embedded in our digital society, in which space is produced through 
actions and communication (Werlen, 1997) in the context of everyday spatial big data 
(Leszczynski & Crampton, 2016). On a broader level, constructions of space are a topic of 
digital Geographies that illustrates a restructuring of everyday societal and individual relations 
to space, as summarized by Felgenhauer and Gäbler (2019). Constructions of space are thus 
representative of a social construction of space as discussed pre-digitalization (see e.g. Werlen, 
1997). Simultaneously, in the context of the digital age, constructions of space are examples of 
the restructuring of medial representations and (re-)emerging power structures (Felgenhauer 
& Gäbler, 2019). Concretely, constructions of space are defined by the co-creation of content 
by individuals, society and assemblages of algorithms on social networks. The resulting 
phenomena (i.e. examples of constructions of space) are at the centre of the realm of content 
knowledge (CK). 

Graham (2017) refers to the intertwining of ‘online’ and ‘offline’ spaces as ‘augmented 
geographies’, while Leszczynski (2015) positions social networks as part of everyday practices 
infused with digital geomedia information. This results in ‘’a digital ‘mediation’ of everyday life 
by spatial information (Leszczynski, 2015). Such integrative approaches to space and the digital 
constitute the background knowledge within CK.  

In everyday life, constructions of space are (re-)made in practice, including the reproduction 
of spatial and social inequalities. Butler, Schafran and Carpenter (2018), for example, illustrate 
this in their investigation of defamatory meaning ascribed to specific places (in posts on social 
networks) and how this results in the increased marginalization of these places. A similar 
conclusion is drawn by Boy and Uitermark (2017), who contrast the exclusive image 
constructed of a place online with the resulting social exclusion of individuals who are unable 
to participate. These characteristics of constructions of space constitute the specific CK 
needed. 

3.2 Pedagogical Knowledge (PK) 

To meet the pedagogical requirements posed by an integrative view of the digital and society, 
we select integrative approaches in media education. Such approaches also start from the 
individual’s involvement with media (i.e. the digital), and thus allow for a smooth application 
of CK through pedagogical knowledge (PK). Concretely, this means learning reflexively 
through creative practices.  

Following Allert, Richter and Albrecht (2018), creative practices are the ways of acting and 
making sense of the world that are shared collectively. They are applied in ‘uncertain, 
ambivalent or unsecure [situations] and hence are open to multiple forms of interpretation and 
interaction’ (Allert, Richter & Albrecht, 2018, 13). In the context of social networks, such 
situations are the norm and gain relevance in relation to interactions with others, as 
communication – and thus creativity – is called for (Richter & Allert, 2015). Furthermore, 
reflecting on one’s own practices in the context of the self and social networks is vital. Only 
then can possibilities for action be explored and applied productively in autonomous action 
(Jörissen, 2016).   
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Reflexive learning through creative practice thus needs to be the focus of PK when dealing 
with the subject of constructions of space in the classroom. On a subordinate scale, teachers 
need to be able to construct learning environments in which reflexive learning through creative 
practices can take place. These environments need to be broad enough to allow room for 
individuality; they must also foster exchange with others in order for teachers (and their 
students) to experience the embeddedness of their own practices.  

3.3 Technological Knowledge (TK) 

As constructions of space are enabled through social networks, knowledge of the technological 
aspects of social networks is a primary necessity in the realm of technological knowledge (TK). 
Here, we define social networks in a broad sense, as the platforms that enable users to 
communicate information and interact with others (Burgess, Marwick & Poell, 2018). 
Examples include Instagram or Twitter, as well as messenger services such as WhatsApp. The 
integrative view of the digital and society again comes into play here, as the focus is on the 
everyday use of social networks in social practice. This is in contrast to the functional use of 
social networks, for example being able to ‘log into an account’ or ‘push the “like” button’. 
The technological knowledge required for constructions of space consists of an everyday 
immersion in social networks and it can only be acquired through this immersive engagement.  

Due to the integration of social networks with digital media content (such as newspaper articles 
to which there are links from social media, or digital photo albums presented on social 
networks), knowledge about digital media is also important for constructions of space. As 
social networks themselves are embedded in the digital society, they are intertwined with 
(visual, audio-visual or textual) information that is provided digitally. Consequently, knowledge 
about digital media is the second constituent of the technological knowledge realm.  

3.4 Pedagogical-Content Knowledge (PCK) 

Following Mishra and Koehler (2006), teachers blend CK with PK to establish teaching 
routines in pedagogical-content knowledge (PCK). For our content focus on constructions of 
space, this necessitates a combination of constructions of space and reflexive learning through 
creative practices in devising learning environments. Such environments require the 
development of tasks for students in the classroom, and the exercising of one’s role as learning 
facilitator and advisor. Consequently, the facilitation of these learning environments forms the 
core of PCK for constructions of space.  

Regarding the learning environments, we suggest that they focus on students’ reflection on 
their own creative practices on social networks, the creation of their own content, as well as 
exchanges with other learners. These exchanges serve to foster a critical appreciation of one’s 
own practices as embedded in communal practices (Richter & Allert, 2017).   
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3.5 Technological-Content Knowledge (TCK) 

The representation of content through technological means constitutes teachers’ 
technological-content knowledge (TCK) (Mishra & Koehler, 2006). For constructions of 
space, this underlines the importance of teachers’ ability to select exemplary content on social 
networks for use in the classroom. In TPACK, these examples become interconnected with 
PCK in that they serve in the design and elaboration of the learning environments created 
through PCK. 

3.6 Technological-Pedagogical Knowledge (TPK) 

Integrating PK with technologies results in technological-pedagogical knowledge (TPK). In 
line with the knowledge domains already presented, this calls for a connection to be made 
between social networks and reflexive creative practices.  

Teachers’ TPK thus surfaces in learning environments that include social networks as 
opportunities for learning. Concretely, this refers to the creation of content on social networks 
by the students themselves, reflection on the related social network practices, and on the 
shared nature of their own experience and practice. As a supplement to PCK, in TPK a greater 
focus is placed on the technological aspect of social networks and their integration into 
everyday practices.  

3.7 Technological-Pedagogical-Content Knowledge (TPCK) 

The combination of all areas of knowledge with each other is referred to as teachers’ 
technological-pedagogical-content knowledge – the core of TPACK. Following Mishra and 
Koehler (2006), this knowledge for us implies the appropriate combination of constructions 
of space, social networks and reflexive learning through creative practices in the Geography 
classroom. This area of knowledge is the most complex, as it necessitates knowledge of all 
domains previously described. It is applied by teachers in the action of teaching, which itself 
is a constant solving of unstructured problems (Mishra & Koehler, 2006). 

4 Operationalization of the knowledge domains 

The domains of knowledge outlined above provide the theoretical backdrop for the following 
review of existing TPACK instruments and the item selection process. Here, we adopted 
existing items to allow for the comparability of our results. Additionally, we remodelled 
existing items based on our theoretical background and developed new ones where necessary. 
Through this, the knowledge domains were operationalized and led to the final TPACK Survey 
on Constructions of Space and Social Networks.   
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4.1 Analysis of available TPACK surveys  

Since the introduction of the TPACK model, qualitative and quantitative approaches for 
measuring teachers’ TPACK have been developed. In qualitative research, these include posing 
complex tasks, such as the development of lesson plans, that require the application of 
TPACK. In order subsequently to analyse the levels of teachers’ TPACK, assessment rubrics 
were developed or interviews conducted (for a summary, see Archambault, 2016). In 
quantitative research, self-evaluation instruments dominate the methods of data collection (see 
the meta-study by Wang, Schmidt-Crawford & Jin, 2018). Such instruments ask participants 
to assess their own knowledge in the knowledge domains of the TPACK model, on a Likert-
type scale. The resulting data thus provide insights into teachers’ skills and abilities while also 
assessing their more general confidence in these skills. In the context of TPACK, self-
evaluation has been criticised as being dependent on the teachers’ academic self-concept 
(Mouza, Karchmer-Klein, Nandakumar, Yilmaz Ozden & Hu, 2016; Drummond & Sweeney, 
2017). We view this criticism as well founded. Nevertheless, we follow in the footsteps of 
existing self-evaluation instruments. This is due to the novelty of our topic, which is still being 
discussed and is continuously expanding in the field of Human Geography (see e.g. Ash, 
Kitchin & Leszczynski, 2018 on the digital turn in Geography). We also wished to gain insights 
into teachers’ current knowledge regarding constructions of space and social networks, in 
order to apply the results in planning follow-up interventions. Furthermore, well-established 
self-evaluation instruments for TPACK are available and thus provided guidance for 
developing our own survey instrument. Based on criteria of test validity and thematic 
relevance, we systematically reviewed available TPACK instruments and identified four that 
were suitable for our goal.      

Among TPACK self-evaluation instruments, the ‘Survey of Preservice Teachers’ Knowledge 
of Teaching and Technology’ by Schmidt et al. (2009) has received the widest 
acknowledgment. Over the last ten years, this instrument has been successfully revised and 
adapted multiple times – for example by Doering, Koseoglu, Scharber, Henrickson and 
Lanegran (2014) in the context of Geography education. This adaptability and the numerous 
successful empirical applications make Schmidt et al.’s survey the starting point for our 
consideration. Additionally, we selected surveys that emphasize the increasingly digital nature 
of society and/or the correspondingly changed pedagogical demands on teachers. While Chai, 
Ling Koh, Tsai and Lee Wee Tan (2011) still focus on technological knowledge, they 
demonstrate a shift from general technology to information and communication technology 
(ICT). As social networks in a broader sense are part of ICT, we considered Chai et al.’s survey 
in the development of our own. Valtonen et al. (2017) also approach ICT, but shift the focus 
on to the corresponding pedagogical knowledge. They contextualize this in the realm of 
twenty-first-century skills. This provides us with additional insight into how to align 
technological content with pedagogy in our survey. Finally, we included the survey by Schmid, 
Brianza and Petko (2020), who aim for a condensed version of previous surveys. This 
particular survey helped guide our selection of items in light of their relevance for scale validity.   
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4.2 Adaption for Constructions of Space  

None of the surveys we adapted addresses one subject in detail. Rather, they all remain vague 
regarding the realm of content knowledge. A content knowledge item by Schmidt et al. (2009, 
146) illustrates this: ‘I have sufficient knowledge about social studies.’ Here the knowledge 
required remains undefined. This is where our instrument differs notably from available 
instruments. Instead of addressing (perhaps insufficiently) the entire breadth of one school 
subject, we zoom in on one topic within the subject: constructions of space. This choice is 
justified by the novelty of the topic. We cannot expect participants to be familiar with its 
various aspects and particularities. This approach also enables us to confront participants with 
important constituents of the topic, including the underlying reliance on space as a social 
construct, which is itself the frame for constructions of space.   

In contrast to the realm of content knowledge, the other knowledge spheres are more nuanced 
in the instruments that were already available. This is why we did not develop completely new 
items for these spheres, but used existing instruments as starting points. More concretely, this 
means that we inserted ‘social networks’ into the area of TK. As a result, the areas intersecting 
with TK (and CK) contain items on both social networks and constructions of space. We also 
adjusted the PK items to reflect our media education approach better. To ensure that 
participants understood the items accurately, we provided definitions of the central concepts 
of constructions of space and social networks.  

Lastly, we would like to point out that all the TPACK instruments we adapted were originally 
in English. As our study targeted German teachers, we translated the items into German and 
revised them as appropriate. For the purpose of this publication, we have retranslated them 
into English. 

5 Methodology and first results  

Based on discussions with experts in the field of educational research as well as a pre-test 
(n=25) and a group discussion (n= 5) with students, we revised our instrument. The result is 
the TPACK Survey on Constructions of Space and Social Networks. This self-report survey serves to 
measure trainee Geography teachers’ and in-service Geography teachers’ knowledge in all areas 
of TPACK in the field of constructions of space and social networks. 

To test the validity of our survey, we devised a corresponding online questionnaire, which was 
distributed through mailing lists to thirteen universities and two professional bodies for 
Geography teachers. In total, 364 people participated in the survey. The majority of 
participants (n= 347) were university students training to become Geography teachers, or 
primary school teachers studying Geography as part of their training to become general studies 
teachers. The remaining participants were in-service teachers (n=17). The profiles of our 
participants therefore suggests that our instrument is valid for measuring student teachers’ 
TPACK. Further investigations would need to be made to determine its validity for in-service 
teachers. Of the university students, 43% (n= 118) worked in schools, for example as 
replacement teachers. Participants’ mean year of birth was 1996 (SD= 5.85). Consequently, 
participants were predominantly in their mid-20s, which should be kept in mind when 
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interpreting the results. 24.5% reported their gender as male (n= 89), 72% as female (n= 264). 
This gender imbalance is striking but reflects the general gender imbalance among German 
teachers. As determined by the OECD (2021, 404), around 60% of teachers in secondary 
schools are female; in primary schools, the figure reaches 87%. As a significant number of our 
participants are future primary school teachers (n= 105), we consider the gender imbalance in 
our study to be a reasonable reflection of the general situation. 

As a measure of reliability, we calculated Cronbach’s Alpha, which yielded excellent results for 
all scales. With the exception of TK1, the corrected item discrimination of all items was also 
satisfactory. This indicates that the survey allows for predictions regarding answers of lower- 
and higher-scoring participants. Regarding TK1, it remains to be decided whether to exclude 
this item from future analyses altogether.  

Table 1 displays the TPACK Survey on Constructions of Space and Social Networks. Here, participants 
assessed their knowledge on a four-point Likert-type scale (disagree – disagree to some extent 
– agree to some extent – agree). Descriptive statistics and corrected item discrimination are 
provided for each item, while scale statistics follow the items for each scale (in bold).    

Bearing the limiting non-random sample and participants’ relatively young ages in mind, we 
will highlight with a degree of caution the first insights gained from our survey. Concerning 
the independent knowledge domains (TK, PK & CK), CK (M= 2.94) scores less than TK (M= 
3.19) and PK (M= 3.15). We interpret this as confirming our assumption that teachers are less 
familiar with constructions of space due to the novelty of the topic. Within the CK scale, the 
item we rate as the least challenging (CK25) is evaluated the highest by participants. At the 
same time, knowledge on the ‘interweaving of space and social networks’ (CK21) is evaluated 
the lowest. This item is more complex and refers to the theoretical background of 
constructions of space. We interpret this knowledge gap as alluding to a possible lack of 
theoretical knowledge about constructions of space, albeit more familiarity with their everyday 
manifestations. 

In general, our participants appear to be apt users of social networks and digital media in their 
personal lives (e.g. TK3, TK4, TK11). However, it is notable that in the professional context, 
digital media usage (TK4= 3.10) is far greater than social network usage (TK10= 2.60). This 
difference implies less experience in integrating social networks in the classroom and thus 
fewer opportunities for developing related TPACK. This fits with the results of the integrative 
knowledge domains (TPK, TCK, PCK and TPCK). None of these achieve a mean above 2.92 
(=TCK). This allows the tentative conclusion that the conjunction of the independent knowledge 
domains with each other in TPK, TCK, PCK and TPCK (which is necessary to solve practical 
teaching tasks) is the greater challenge, as knowledge in these composite domains is below 
teachers’ knowledge in the independent knowledge domains of TK, PK and CK.  

Participants evaluated their knowledge the lowest in the didactics of Geography (i.e. PCK= 
2.59). This is surprising, as theoretically TPCK is the most complex and thus we would expect 
TPCK to be rated the lowest. We would like to draw special attention to this, as it illustrates 
the need for Geography teacher educators to create learning situations that foster the 
application of constructions of space and media education through ‘real teaching tasks’.  
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Table 1: Descriptive statistics (M, SD), corrected item discrimination (r) and reliability () of the scales and 

items of the TPACK survey on Constructions of Space and Social Networks 
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6 Prospects  

We began this article by asking what knowledge teachers need in the area of constructions of 
space and how to measure it. In the course of our argumentation, we introduced the TPACK 
Survey on Constructions of Space and Social Networks as one possibility. Having developed a valid 
instrument, we now need to address a follow-up question, to target the current state of 
Geography teachers’ TPACK. While we have provided a glimpse into the situation, further 
analyses of the interconnectedness of the knowledge domains and of the validity of the 
TPACK construct for our content focus are necessary.  

In a future step, the results of the analysis could serve as a basis for seminars or further 
education measures. The results from the survey could help to inform decisions on the design 
of interventions (seminars etc.) and content. For example, the choice of content could be 
modified based on the knowledge that student teachers of Geography already possess. In the 
course of all these analyses, it must be kept in mind that our data were obtained by means of 
self-evaluation and therefore provide but a first insight into a complex topic. Actual knowledge 
tests could be administered in the future to supplement the self-evaluation data. 

Finally, it should be noted that the TPACK model is but one way of determining teachers’ 
knowledge of constructions of space, and the model has its own limitations. Due to its roots 
in an instrumental view of technology usage, the model is not perfectly suited for representing 
an integrative view of space and the digital, as knowledge of social networks is separate, being 
situated in the technological knowledge sphere. This is a weak point in our study. Nevertheless, 
the definitions of knowledge domains and their combinations facilitate addressing the subject-
specific contribution of Geography education to developing digital knowledge by use of the 
example of constructions of space. The reconfiguration of existing content and the 
development of new content that come into play here align with demands for the reframing 
of subject-specific education in light of the digital (see e.g. Gesellschaft für Fachdidaktik 
[German Association for Subject Didactics], 2018). In this sense, the TPACK model is one 
possible means for formulating reflexive and critical knowledge in a broad subject area or in 
specific sub-topics of that area. In this, the approach can be linked to a ‘digital personal 
education’ as described by the Gesellschaft für Fachdidaktik (2018, 3), because through it 
contributions can be made to the broader goals of digital literacy and digital sovereignty, which 
are of pivotal importance for learners in the digital world. 
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