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Abstract
In primary schools, the benefits of incorporating technology in curricula have been 
addressed by several studies; however, technology integration as experienced by teachers 
is often overlooked. Teachers’ lack of confidence teaching STEM and technology subjects, 
their lack of appropriate preparation along with unclear curricula frameworks in technol-
ogy education, and the ambiguity of the definition of technology education have scarcely 
been discussed in the literature. This study explored teachers’ experiences with the current 
integration of technology and identified challenges to the integration of technology and 
areas where support is needed. Semi-structured interviews were used to collect data and 
were analyzed using content analysis. Content knowledge, proper training, and professional 
development programs on the integration of technology along with the need for clear and 
unanimous curricula standards have been perceived as important factors in the integration 
of technology education. Participants also acknowledged the need for the establishment of 
teaching communities wherein they can learn from one another. Our study discusses impli-
cations for research and practice and provides a knowledge base for the establishment of 
well-structured professional development courses based on teacher needs.

Keywords Technology education · Primary school teachers · Teachers’ perceptions · 
Technology integration · STEM · STEM integration · Technology integration barriers · 
Technical education

 * Christina Ioanna Pappa 
 christ.pappa@tum.de

 Despoina Georgiou 
 d.georgiou@uu.nl

 Daniel Pittich 
 daniel.pittich@tum.de

1 School of Social Sciences and Technology, Technical University of Munich (TUM), Arcisstraße 
21, 80333 Munich, Germany

2 Department of Pedagogical and Educational Sciences, Utrecht University, Utrecht, Netherlands

http://orcid.org/0000-0001-5484-6528
http://crossmark.crossref.org/dialog/?doi=10.1007/s10798-023-09828-8&domain=pdf


 C. I. Pappa et al.

1 3

Introduction

Although the impact of technology in all areas of society continues to increase, the sub-
ject of technology in general education is often not given sufficient attention or empha-
sis compared to other STEM subjects (i.e., science, technology, engineering, and math-
ematics), such as mathematics and science (Bozick et al., 2017; de Vries, 2019; Mammes 
et al., 2019). In the public mind, technology is often only related to computer science and 
aspects of the integration of technology into e-learning environments or the usage of online 
tools (Davies, 2011; Firat, 2017; Wender, 2004). In this study, we adopt the definition from 
Ropohl (2009) and the German word Technik (technical), which refers to technology as a 
tool developed by humans for a purpose or use, and more specifically to technology edu-
cation as working and understanding about the function and design processes of artifacts 
(Firat, 2017; Ropohl, 1991). Defining technology and understanding the inconsistencies 
in definitions of technology are not without controversy in the literature (Rossouw et al., 
2011). Several studies have discussed and emphasized the challenge in developing clearly 
stated curricula standards, along with appropriate teacher training and professional devel-
opment programs (TPDs) to enhance the integration of technology in education (Blömeke 
et al., 2010; Keskin, 2017; Mammes et al., 2016; Rasinen et al., 2009). The discrepancies 
observed among curricula, teacher training, and TPDs may also influence teachers’ tech-
nology content knowledge and confidence in integrating technology-related subjects into 
their teaching practices (Mammes et al., 2012; Rohaan, 2009).

It is evident that STEM integration is highly related to teachers’ perceived compe-
tence, as well as their valuation of and readiness to teach STEM subjects (Margot & Ket-
tler, 2019). Teachers who do not feel confident about their STEM content knowledge or 
are uncertain about the implementation processes necessary to successfully teach STEM 
courses may find it difficult to integrate STEM and technology-related topics into their 
classrooms (Margot & Kettler, 2019; McMullin & Reeve, 2014). The integration of tech-
nology-related topics in the classroom is often considered more complicated compared to 
science and mathematics because teachers are uncertain about the nature and aims of tech-
nology education (Çengel et al., 2019; Gibson, 2009; Suwarma & Kumano, 2019; Wang 
et al., 2011). To successfully promote technology education, establish common curriculum 
standards, and qualify and support in-service and pre-service teacher professional develop-
ment efforts, it is first essential to investigate the current status quo of the integration of 
technology, explore teachers’ readiness to teach technology, and identify the challenges of 
and needs for supporting the integration of technology. In detail, our study explores pri-
mary school teachers’ technology-related integration practices, sheds light on the value of 
technology education as perceived by primary school teachers, and identifies perceived 
challenges and needs for support to establish evidence-based solutions to promote and 
enhance in-service and pre-service teachers’ technology education and teaching practices.

Theoretical background

Technology education

The influence of technology is steadily increasing and has become relevant in all areas 
of our society, including education (Mammes, 2014; Mammes et al., 2019). However, the 
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subject of technology in general education is often not given sufficient attention or empha-
sis, especially compared to other STEM subjects such as mathematics and science (Bozick 
et  al., 2017; de Vries, 2019). Technology is frequently related only to informatics, com-
puter science, digital tools (Davies, 2011; Firat, 2017; Wender, 2004), and sometimes engi-
neering because the aims and the implementation processes of these subjects cannot be 
easily distinguished from one another (Boeve-de Pauw et al., 2020; Rossouw et al., 2011).

As past studies have revealed, the integration of technology is essential for the follow-
ing reasons. A lack of adequate technology education in childhood may result in students’ 
lack of self-confidence when dealing with technology, which in turn may create adults who 
are not capable of functioning and contributing to the development of a technology-driven 
society (Jakobs & Ziefle, 2010; Mammes et  al., 2016). Additionally, the integration of 
technology during primary school level is considered the most effective time to counteract 
gender roles and motivational differences in STEM subjects (Mammes et al., 2016; Wright 
et  al., 2018). At this age, children’s understanding of social role assignments arise, and 
therefore, actions should be taken to avoid solidifying stereotypical beliefs that girls are not 
technologically capable before they enter the secondary schooling (Blümer, 2019).

This study adopts the definition of technology used by one of the most fundamental 
research of Ropohl (2009) and the German word Technik, which is defined as the material 
and the operational framework of artifacts and their usage, emphasizing the role of technol-
ogy as a tool developed by humans for a purpose or use. In this study, technology educa-
tion, also called technical education, is defined as the technological processes related to the 
function and design processes of artifacts, as well as the solutions for identified technologi-
cal problems in social and cultural contexts (Firat, 2017; Ropohl, 1991). Thereby, the inte-
gration of technology does not refer to e-learning or online tools but to the integration of 
technology-related topics in teaching practice, such as the function of everyday electrical 
appliances, for example a toaster, or a mixer.

As past studies have stated, there is a discrepancy between the aims and understanding 
of technology education that can also be reflected in curriculum, not only among different 
countries but also between different provinces within one country (Keskin, 2017; Mammes 
et al., 2016; Rasinen et al., 2009). In a few countries, such as New Zealand and Sweden, 
technology education has its own place in the curriculum as a primary subject (Milne, 
2013; Sultan et al., 2020), but in other countries, technology education is only briefly men-
tioned as a subtopic of a science-related subject, such as physics (Rasinen et al., 2009). The 
absence of standardized frameworks for defining, structuring, and establishing the goals 
of technology education in primary schools contributes to the difficulties faced in integrat-
ing and implementing technology in the classroom (Rasinen et al., 2009; Wammes et al., 
2022). Such discrepancies are particularly pertinent in several European countries, such as 
Germany, Austria, Estonia, and Finland, where we observed a lack of unified curriculum 
frameworks related to the aims, integration, and implementation in instruction of technol-
ogy education (Rasinen et al., 2009).

For instance, in Germany, there are no statewide educational standards, and each state 
has its own curriculum—meaning that the scope, standards, and time devoted to tech-
nology education may differ even among the schools within the same state (Koch et al., 
2019; Mammes et al., 2012, 2016). The lack of a unified curriculum along with the lack 
of attention given to technology education can be easily understood, as technology is often 
included as a subtopic of the subject “general science,” which differs in each state (Koch 
et al., 2019; Mammes et al., 2016). The lack of clearly defined objectives and inconsist-
ent implementation processes, along with discrepancies in the curriculum across different 
states in Germany, has also led to inconsistencies in teacher-training efforts related to the 
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subject of technology (Blömeke et  al., 2010; KMK, 2008). For example, in the state of 
Bavaria, where the current study was conducted, technology-related topics are not com-
pulsory in pre-service teachers’ education—instead, they are elective and included under 
the broader subject of “natural sciences and technology” (Blömeke et al., 2010). Thus, pre-
service teachers’ content knowledge about technology education depends mainly on their 
subject selection.

The inconsistencies among the curriculum and the lack of a unified teacher-training pro-
gram may have a negative impact on teachers’ competence and confidence when they are 
asked to integrate technology into their teaching practice (Mammes et  al., 2012; Möller 
et al., 1996; Rohaan, 2009). To promote students’ positive attitudes and enhance their per-
sonal skills (e.g., problem-solving, critical thinking, design and construction skills) toward 
technology education, it is essential for teachers to have a clear understanding of technol-
ogy and to feel confident in their own abilities to teach the subject (Davies, 2000; De Vries, 
2000).

Teachers’ perceptions of the integration of technology education

Research and literature on technology education in primary schools is a growing field of 
interest, which is often viewed only in the context of STEM and not technology education. 
This is mainly because of the inconsistencies observed among the curriculum and the lack 
of teacher-training programs targeting primary school teachers’ technology-oriented pro-
fessional development. Technology and STEM integration is significantly related to teach-
ers’ training, along with teachers’ perceptions of their competences, abilities, and readiness 
to teach technology subjects (Margot & Kettler, 2019). Teachers’ perceived competences 
could influence their readiness to engage with and integrate technology-oriented subjects 
in their teaching curriculum (Bell, 2016; Margot & Kettler, 2019). Teachers’ perceptions 
of the importance of STEM play a significant role in their own professional development 
as STEM-educated teachers (Bell, 2016) and largely affects their intention to implement 
technology-related subjects into their curriculum (Margot & Kettler, 2019; McMullin & 
Reeve, 2014). Additionally, teachers perceived that STEM and technology integration 
could influence and support their students’ development, enhancing students’ critical think-
ing processes about current and future issues, as well as their scientific literacy and learn-
ing outcomes (Gibson, 2009; Margot & Kettler, 2019).

Several studies have reported that teachers do not feel confident about their content 
knowledge related to STEM subjects and face challenges when they need to implement 
and work with technological equipment in their schools (Landwehr et  al., 2021; Möller, 
2010; Rohaan, 2009; Yu et al., 2021). This finding was also evident in a recent study from 
Suwarma and Kumano (2019), where teachers perceived the integration of science and 
mathematics as less challenging and complicated than the integration of engineering and 
technology. In comparison to other subjects, teachers often do not clearly understand the 
nature of technology education, and it is, therefore, challenging to integrate technology 
related-topics into their teaching practices (Çengel et al., 2019; Gibson, 2009; Wang et al., 
2011).

The review by Margot and Kettler (2019) classified potential barriers in STEM inte-
gration according to six categories—namely, pedagogical barriers, curricular chal-
lenges, structural challenges, student concerns, assessment concerns, and teacher sup-
ports. To overcome the pedagogical challenges, teachers need to support a shift to 
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student-led instruction environments, which can be demanding given the heterogeneity 
in students’ cognitive abilities observed in most classrooms (Margot & Kettler, 2019; 
Park et al., 2017). Curricular and structural challenges refer to the inflexibility of stu-
dents’ schedules and curricular plans, along with the lack of financial support and tech-
nology resources in schools (Margot & Kettler, 2019). Several studies have reported 
that the broad and undefined curriculum standards are often perceived by teachers as 
some of the main challenges in integrating technology subjects in their classrooms (Chi-
kasanda et al., 2011; Yu et al., 2021).

Teachers’ concerns about assessment refer to the lack of quality assessment processes, 
planning time, and content knowledge about STEM-related topics (Hammack & Ivey, 2019; 
Margot & Kettler, 2019). The study by Hammack and Ivey (2019) reported that teachers 
perceived that their lack of pre-and in-service training affected their background knowl-
edge in technology; additionally, teaching processes were identified as the most important 
challenges that must be addressed in facilitating engineering and technology education. To 
support teachers’ efforts to develop and enhance their content knowledge in technology 
research, the implementation of structured and clear curriculum frameworks with specific 
problem-based tasks that can be easily implemented in classrooms has been recommended 
(Mammes et al., 2012; Rohaan, 2009). In addition, professional trainings and opportuni-
ties for further learning to enhance teachers’ competencies in technology may significantly 
affect teachers’ confidence in STEM and technology integration (Mammes et  al., 2012; 
Margot & Kettler, 2019; Rohaan, 2009). Teachers’ professional development efforts may 
prove especially valuable in improving teachers’ motivation and confidence in teaching and 
integrating engineering and technology activities into their classroom instruction (Thibaut 
et al., 2019; Yoon et al., 2018).

Present study

The importance of the development of both teachers’ and students’ technological skills 
and engagement in technology education has already been discussed in teacher-educa-
tion research (e.g., Boeve-de Pauw et al., 2020; Rossouw et al., 2011; Sherman et al., 
2010; Wright et al., 2018). However, technology-related topics and professional devel-
opment efforts are not yet being properly introduced in pre- and in-service teacher edu-
cation (Blömeke et al., 2010; Bozick et al., 2017; Mammes et al., 2016). To successfully 
promote technology education, establish curriculum standards, and properly train in- 
and pre-service teachers, it is important to first identify the extent to which technology 
education is taught, the current problems and perceived barriers in the integration of 
technology practices, and how competent and confident teachers feel regarding the inte-
gration of technology.

Acknowledging the lack of research in this field and aiming to hear teachers’ voices, 
this study aimed to shed light on primary school teachers’ technology-related imple-
mentation practices and valuation of technology education, as well as perceived chal-
lenges and areas where support is needed. We sought to explore teachers’ needs and 
perceptions of technology education to provide evidence-based solutions that support 
the technology education of in- and pre-service teachers and, in the long term, enhance 
teachers’ and students’ technological skills and engagement in technology education. 
Hence, the following research questions are addressed:
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1. What are primary school teachers’ perceptions about the value of, their competencies 
in, and the support they receive when teaching technology-related subjects?

2. What is the current integration of technology-related subjects in primary schools, and 
what are the challenges/barriers primary school teachers face when teaching technology-
related subjects?

Methods

Research design

This study utilized an exploratory qualitative methodology to investigate primary school 
teachers’ perspectives on the integration of technology-related subjects, an area that had 
not been fully explored in previous research. A combination of deductive and induc-
tive analysis was implemented, with deductive codes used as a starting point and then 
modified, expanded, or refined based on the inductive insights gained from the data. 
The main codes were generated based on previous research on teachers’ perceptions of 
STEM subjects (Margot & Kettler, 2019), and additional codes were generated based on 
the data and participants’ answers. This holistic approach allowed for the analysis of the 
data considering both established concepts and emerging themes to gain a comprehen-
sive understanding of the research phenomenon, capturing both known and unknown 
aspects (Brenner, 2006; Korstjens & Moser, 2018; Schreier, 2012).

Semi-structured interviews were conducted to support the research approach, as they 
provided a balanced and flexible way to adapt interview questions based on partici-
pants’ responses, delve deeper into specific areas of interest, and explore new emerging 
themes or ideas that may not have been anticipated in advance (Brenner, 2006; Schreier, 
2012). The interviews were conducted face-to-face with teachers from different primary 
schools in Germany, who were selected through purposive sampling. The interviews 
were audio-recorded and transcribed verbatim, allowing for a thorough and accurate 
analysis of the data.

Participants

The participants for this study were 21 public primary school teachers working in 
the state of Bavaria, Germany. The sample consisted of 19 female and two male 
teachers (see Table  1). The participants’ average teaching experience was 7.5  years 
(MYears of experience = 7.50, SDYears of experience = 5.60). Ten participants were under 30 years 
old, seven participants were between 30 and 40  years old, three participants were 
between the ages of 41 and 50  years, and one participant was above 50  years old. In 
keeping with ethical guidelines, we used codes and pseudonyms to protect the privacy 
and anonymity of the participants. All participants were recruited via their public email 
addresses and participated voluntarily in the study. Additionally, they received an invi-
tation email and provided their consent to participate and be recorded in an online inter-
view study.
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Interviews

The semi-structured interviews consisted of four parts (Kallio et al., 2016). In the first 
part, participants were asked about their perceptions regarding the importance of tech-
nology integration in their lessons (e.g., “How important is it for you to integrate tech-
nology-related topics into your teaching?”). The second part focused on their perceived 
competencies in integrating technology topics in their lessons (e.g., “How competent 
do you feel in your ability to integrate technology-related topics into your teaching?”). 
The third part focused on their current level of integration of technology topics (e.g., 
“To what extent have you integrated technology-related topics into your teaching in the 
past year?”) and their perceived barriers to technology integration (e.g., “Which barri-
ers do you think exist in terms of technology integration?”). Finally, participants were 
asked about their perceptions regarding the support they receive and aspects that could 
influence perceived support for technology integration (e.g., “To what extent do you feel 
supported when it comes to technology integration?”).

The semi-structured interviews followed a formal interview protocol, but the four 
interviewers were able to ask follow-up questions when needed to obtain further details 
from the participants. Expert feedback was obtained from seven researchers in the field 
of technology education on the initial interview protocol; after the interview protocol 
was adapted, two think-aloud sessions with primary school teachers were conducted 

Table 1  Participants’ 
Characteristics

Pseudonyms were used to avoid disclosure

Name Gender Age Years of 
experience

Anna F 30–40 years 7
Emma F Under 30 years 3
Eva F 30–40 years 7
Lucy F 30–40 years 16
Maria F 41–50 years 18
Olivia F Above 50 years 10
Sara F 41–50 years 21
Sophia F 41–50 years 13
Diana F Under 30 years 3
Elisa F Under 30 years 2
Kate F Under 30 years 3
Laura F Under 30 years 3
Lena F 30–40 years 6
Lisa F 30–40 years 7
Nina F Under 30 years 2
Paula F Under 30 years 5
Stela F 30–40 years 5
Natalie F Under 30 years 4
Petra F 30–40 years 17
Daniel M Under 30 years 3
Paul M Under 30 years 2
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with two primary school teachers in order to refine the questions. The interviews were 
conducted in German in July 2021 and lasted from 20 to 30 min each.

Data analysis

Content analysis was used to examine the interviews (Schreier, 2012). The analysis was 
conducted using the MAXQDA Software 2022. Concept- and data-driven strategies were 
used to create the coding frame (Schreier, 2012). Based on the literature and existing theo-
ries (Margot & Kettler, 2019) about the perceptions of teachers regarding technology inte-
gration, the coders defined the main categories. After reading and evaluating all interviews, 
additional categories were included in the main coding frame (see Table 2).

The interviews were transcribed verbatim (McLellan et al., 2003). To ensure the cred-
ibility of the study, two coders used the same coding frame to analyze the interviews, inde-
pendently of each other (Korstjens & Moser, 2018). To verify the presence of categories 
and ensure the trustworthiness of the coding, the second coder reviewed and recoded 20% 
of the transcripts (O’Connor & Joffe, 2020). The results revealed that there was excellent 
agreement between the two raters (K = 0.82 [95% CI, 0.300 to 0.886], p < 0.02) (McHugh, 
2012; O’Connor & Joffe, 2020).

Results

The results are presented according to the research questions. First, we describe the current 
integration of technology education in primary schools, along with teachers’ perceptions about 
the challenges faced when integrating technology into their teaching practice. We also explore 
primary school teachers’ perceptions of the value of technology, their perceived competencies, 
and the potential reasoning attached to the importance of technology integration. In the last 

Table 2  Description of Coding Steps

Coding steps Coding steps followed in this study

Familiarizing with your data Verbatim transcription. The first author read all 
interviews several times to understand the data

Generating initial categories—Concept driven 
categories

Initial categories were generated based on the litera-
ture and the research questions

Searching for categories in the data—Data driven 
categories

Further codes were identified after reading all the 
interviews and general categories were split into 
subcategories. the categories and subcategories 
were discussed regarding their relevance to the 
goals of this study

Defining and naming the categories Categories were critically reviewed concerning the 
coded extracts and the entire dataset

Intercoder reliability In the final step, the first author coded all the 
transcripts, and the second author coded 20% 
of randomly selected transcripts to verify the 
presence of the defined categories and ensure the 
reliability of the coding
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results section, we present the teachers’ needs for support in the integration of technology into 
their lessons.

Primary School Teachers’ Perceptions Regarding Values, Competencies, 
and Support Received in the Integration of Technology

Value of integrating technology

Several aspects were addressed by the teachers regarding the value of the integration of 
technology in primary schools. After carefully reading the interview transcripts, five sub-
categories were identified: the everyday usage of technology, the need for technology in 
the future, students’ early contact with technology, existing gender stereotypes regarding 
technology, and the lack of technology in curriculum.

Nearly all interviewees (20 out of 21) discussed the importance of the integration of 
technology in primary schools. Seven primary school teachers expressed that the integra-
tion of technology is essential because of its everyday usage and presence in our lives. 
Diana said: “I think it’s becoming more and more important for children, because technol-
ogy plays a major role everywhere in our everyday lives and it’s a shame if you use it all 
the time with different appliances, but I don’t really know what’s behind it and how it all 
works.”

Five interviewees discussed the value of the integration of technology and its impor-
tance in the future. Daniel mentioned: “Because I think that’s the future, our whole life 
will be based even more on technology, and if the children don’t learn that early on, I’d 
be afraid that they’ll just lose the connection a little bit.” The aspect of early contact with 
the topic of technology was also addressed by three other participants. For example, Eva 
said: “I think that the earlier the students are confronted with such technical aspects and 
processes, the sooner this inhibition towards the subject decreases…if they are confronted 
with it and come into contact with it at an early stage.” Three other interviewees added 
comments regarding the future need for technology and aspects of existing gender stereo-
types. Natalie noted:

Because I simply believe that we will need people later on who work and research in 
these areas and are interested in them. And I think at least I see it as my job to open 
this window for the children and to make it appealing to them and perhaps also to 
take away the fear of such technical topics, where many also hesitate. Or, as they say, 
it’s always a girl–boy issue…these gender-specific narratives…that is always so ste-
reotypically…as a teacher I think is important to somehow break that up, so that the 
girls simply have the confidence that they can also be good in technology topics….

Additionally, three teachers highlighted the presence of technology both in our current 
and future everyday lives in contrast to the lack of the integration of technology in the pri-
mary school curriculum. Nina expressed the following: “Because our world is becoming 
more and more technology based, I think it’s hard to ignore technology now and although 
it’s so essential in everyday life, there is still lack of frameworks, knowledge, and integra-
tion in schools and in the education system….”
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Teachers’ perceived competencies in integrating technology into their teaching 
practice

Regarding teachers’ perceived competencies in integrating technology-related topics into 
their lessons, the following eight categories were identified regarding the reasons for their 
lack of perceived competence: lack of knowledge, inhibitions about their competencies, 
lack of studying technology subjects during their teacher education, lack of time, com-
plexity of the topic, their own school time experience, lack of teaching experience, and 
lack of interest (see Fig. 1). Additionally, two further categories were identified as reasons 
for the teachers’ higher perceived competencies: their own motivation and their previous 
studies.

Fifteen interviewees expressed that they did not feel competent integrating technology 
topics, and 14 said they felt this way due to a lack of knowledge regarding the subject. For 
example, Diana said: “Because I have the feeling that I have a rather superficial knowl-
edge of most technological things, and when it really goes into depth, even to explain why 
or how an appliance is designed or function in detail, I lack the knowledge.” Two other 
aspects that were often mentioned by the participants were their inhibitions about their 
competencies (six participants) and the lack of technology-related subjects studied during 
their own education (five participants). Eva mentioned the following: “So, I would just 
attribute it a little bit to my own studies and the not much training, so to speak, and since 
I haven’t learned very much about it in a didactic way, how I can teach it to the children.” 
Another teacher, Stela, added: “Many feel so insecure and therefore do not want to pass 
this on to the children…when I am already unconfident myself, then I can’t teach the topic 
to the children either….”

Additionally, four interviewees explained that a lack of time and their own school 
experience may also influence their competence in integrating technology. For instance, 
Natalie stated: “In practice it fails because you have no time to invest to educate myself to 
teach this subject…and I think because I have never experienced this technology lesson 
myself…” Three other interviewees mentioned their lack of teaching experience and of 

Fig. 1  Primary School Teachers’ Reasons For Their Low Perceived Competence Regarding the Integration 
of Technology 
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interest in technology-related topics. Laura said: “Because so far it’s definitely not an area 
that has greatly interested me. And at the end of the day, it’s the same for me as it is for the 
children, I like to learn what I’m interested in.”

However, six female participants stated that they did feel relatively competent in inte-
grating technology topics into their lessons. Five of them expressed that their perceived 
competence could be attributed to their own motivation about the subject. For example, 
Anna mentioned: “I think once I understand that, I put my heart into it and then I’m com-
petent to bring it to the students.” Another interviewee, Petra, added: “Because I me myself 
find technology-related topics most interesting and exciting, I can also discuss them in 
depth with the children.” Additionally, two teachers expressed that technology was a part 
of their own studies and therefore they felt competent integrating this subject into their 
lessons.

Teachers’ perceived support in the integration of technology education

We identified four categories of aspects influencing primary school teachers’ perceived 
support in the integration of technology: materials and equipment, extra personnel, the 
addition of technology topics into their studies, as well as the addition of technology top-
ics to the curricula. Regarding possible types of support, two categories were determined 
based on teachers’ answers: external providers, as well as colleagues and the teaching com-
munity. The majority of the primary school teachers (15 out of 21) expressed that they did 
not feel supported in integrating technology-related topics into their lessons. Five teachers 
mentioned that they felt supported, while one interviewee indicated that she did not know 
where or from whom to ask for support.

According to the participants, the following could influence their perceived support: the 
materials and equipment available to plan their lessons (four participants), having a sec-
ond teacher in the classroom when including hands-on activities (two participants), and the 
inclusion of technology topics in their studies and in the curriculum (two participants). For 
instance, Diana said: “So now in general through my studies and so in school and based 
on the schoolbook, I honestly don’t feel great support there” Another interviewee, Elisa, 
added:

Also, from the schoolbooks and the curriculum, we are also not necessarily sup-
ported, because technology subjects do not occupy a large area. You don’t really have 
the time, because there are so many topics that you have to teach that you can’t really 
deal with technology topics for longer periods.

Regarding the parties that could provide support, 11 teachers said that they mostly 
receive support through external providers, such as professional development programs. 
Stela expressed: “So, in the last few years it’s been getting better, because there are also 
external providers approaching the schools… We have also continued to network with fur-
ther trainings and professional development programs.” Nine participants mentioned that 
they could ask and get support from their colleagues and teaching community. For exam-
ple, Kate said: “But I’m sure that there are also people in the community who are a bit 
more technologically competent and have more know-how, and that I can ask them about 
it.”
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Primary school teachers’ perceptions of the current integration of and barriers 
to technology education

Current integration

The primary school teachers indicated four reasons for the low technology integration in 
their teaching practices: the pandemic, the broad curriculum, time, and safety concerns 
while working with technology related tasks. Seventeen interviewees expressed that dur-
ing the last year, the level of integration of technology subjects was relatively low. Eleven 
teachers mentioned that one of the reasons for the low level of technology integration was 
the pandemic necessitating distance or virtual education. Additionally, seven teachers 
noted that the reason for low technology integration is the broad and undefined curriculum 
standards. For example, Maria said: “It is such a difficult thing, because in the curriculum 
it doesn’t say exactly what and which topics have to be dealt with, but rather which areas 
should be covered.” Paul added: “We have always postponed it, because it is unfortunately 
only a small part of the curriculum.”

Two interviewees also mentioned the unclear curriculum teaching time frames for the 
subject. Maria noted: “The curriculum is always designed for two years, so in the first and 
second grade, you should have worked through these six areas, but of course there are areas 
that take a longer period of time and areas that take a shorter period of time, so how inten-
sively you deal with them varies from teacher to teacher.” Furthermore, two teachers noted 
safety concerns while working with technology related tasks, such as usage of tools and 
cables, electricity safety rules etc. Lena mentioned the following: “In general, safety is an 
important aspect in technology lessons, because somehow there are also possible dangers.” 
Nevertheless, four teachers said that during the last year, the level of technology integration 
in their classrooms was relatively high.

Existing Barriers

The participants mentioned several existing barriers to the integration of technology in pri-
mary schools. After carefully reading the transcripts, the perceived barriers were identi-
fied, and 14 subcategories were determined (see Fig.  2). Primary school teachers noted 

Fig. 2  Primary School Teachers’ Perceived Barriers Regarding the Integration of Technology 
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that the most perceived barrier was the lack of materials and school equipment (16 par-
ticipants), the lack of knowledge regarding technology related topics (nine participants), 
safety aspects (eight participants), time restrictions (eight participants), and students’ het-
erogeneity (seven participants). Regarding the lack of materials and safety concerns, Diana 
mentioned the following: “For any hands-on approach…it’s also often difficult that really 
the whole class does that and where the materials come from and what can you really do 
with the kids, what’s safe…there are things I don’t dare do because, I’m alone with twenty 
children and I think it’s too dangerous…” Another interviewee, Laura, emphasized the lack 
of teachers’ knowledge and training in technology education:

I believe we lack the foundation and the necessary training…So I think I’m like a lot 
of teachers out there, who aren’t that familiar with technology and therefore always 
deal with it quickly, or just take the things you have in the book and do it in good 
conscience, but ultimately don’t have a deeper understanding of it.

The primary school teachers also considered the following to be barriers: the size of 
the classrooms (five participants), the broad curriculum (four participants), teachers’ own 
inhibitions and lack of confidence regarding technology (four participants), the size of the 
teaching rooms (three participants), their own interest and educational background (one 
participant). The issues of time constraints and difficulties regarding the curriculum were 
addressed by Paul: “We only have very limited time, because our curriculum has many 
different areas, many of which are social.” Another interviewee, Laura, emphasized the 
perceived inhibitions and lack of teachers’ confidence about the subject of technology: “I 
think the case with many teachers is that with the topics that they themselves don’t under-
stand so well or they’re simply not so confident, they don’t focus on them on their teach-
ing…because they could impart students’ correct knowledge…”

Discussion

This study mapped the status quo of technology integration in primary schools, shedding 
light on primary school teachers’ perceptions about the value of, barriers to, and received 
support in integrating technology-related topics into their lessons. Our findings indicated 
that primary school teachers place importance on the integration of technology-related 
subjects in their teaching. However, they mentioned that the level of technology integra-
tion, especially during the last year, was relatively low.

Overall teachers’ responses reflected five main categories about the value of technol-
ogy integration in primary schools. In line with previous studies regarding teachers’ per-
ceptions of STEM (Gibson, 2009; Margot & Kettler, 2019), most participants mentioned 
the everyday usage of and future need for technology as important reasons for technology 
integration. Additionally, children’s early contact with technology and existing gender ste-
reotypes were included among the five most prevalent reasons to value technology integra-
tion. Similar results were found in past studies, wherein teachers mentioned the importance 
of technology in counteracting gender stereotypes and motivational differences in STEM 
(Blümer, 2019; Mammes et al., 2016; Wright et al., 2018). Teachers also referred to the 
lack of technology-related topics in curricula despite their importance in students’ current 
and future everyday life.

An important finding of this study relates to low technology integration, which depends 
upon a lack of standard and clear curriculum frameworks, as well as the challenge of the 
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undefined teaching time of the technology related topics in curricula. Lack of time, unclear 
curricula, and the challenge that technology-related topics are often included within the 
subject of “general science” are important reasons behind lower technology integration in 
schools (Koch et al., 2019; Mammes et al., 2016; Rasinen et al., 2009).

The discrepancies observed among the curricula and the lack of technology-oriented 
pre-service teacher training efforts across Germany (Blömeke et  al., 2010; KMK, 2008; 
Mammes et al., 2016) were reflected in the primary school teachers’ answers about their 
perceived competencies in technology integration. In detail, five teachers stated that dur-
ing their studies, they did not have any technology-related subjects; furthermore, most 
teachers (14 out of 21) mentioned that they do not feel competent integrating technology-
related topics into their teaching because they lack the necessary content knowledge and 
do not feel confident enough with their abilities. Similar results were reported in previ-
ous research, where findings revealed that technology integration is perceived as unclear 
and more challenging compared to science and mathematics (Gibson, 2009; Suwarma & 
Kumano, 2019; Wang et al., 2011). It is evident that lack of knowledge, clarity, and train-
ing may impact teachers’ competence and confidence in technology integration (Mammes 
et al., 2012; Möller et al., 1996; Rohaan, 2009; Thibaut et al., 2019; Yoon et al., 2018). Our 
findings revealed that teachers’ motivation for professional development, along with their 
pre-service training, were the main factors associated with high competence levels in tech-
nology integration.

As other studies have suggested, it is crucial for teachers to receive support from school 
structures, policies, and training efforts in order to feel motivated and to further develop 
their professional technology-related skills (Georgiou et  al., 2020). Our findings showed 
that most teachers do not feel supported (15 out of 21), and they expressed the need for 
further support at the school level, such as the supply of the necessary materials and tools, 
along with the need for extra teaching staff. Aside from materials and resources, our partic-
ipants mentioned the need for change in curricula in line with previous literature on STEM 
integration (Margot & Kettler, 2019), the inclusion of technology-related topics in pre-and 
in-service teacher training curricula, as well as the need for collaboration with their col-
leagues and the creation of teaching communities.

In addition to our findings on teachers’ need for support, our participants mentioned 
several barriers to the integration of technology. Consistent with the existing literature on 
STEM integration (Chikasanda et al., 2011; Margot & Kettler, 2019; Park et al., 2017; Yu 
et al., 2021), most teachers referred to a lack of resources—namely, materials and school 
equipment (16 participants), lack of content knowledge (nine participants), time constraints 
(eight participants), and students’ heterogeneity (seven participants). Our participants also 
referred to students’ safety while working with tools and electricity (eight participants), the 
size of the classroom (five participants), the broad curriculum (four participants), and their 
self-inhibitions regarding technology (four participants).

Implications and future directions

This study is one of the few studies to explore and identify primary school teachers’ per-
ceptions when teaching technology-related subjects. Our results revealed four key factors 
for fostering the integration of technology —namely, the enhancement of primary school 
teachers’ technology content knowledge, the improvement of these teachers’ confidence in 
teaching technology, the need for further technology-oriented professional development 
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courses, and the need to incorporate technology-oriented curriculum standards. Our study 
contributes to the scarce literature in technology education in primary schools by establish-
ing a knowledge base for teachers’ needs about the integration of technology, which could 
benefit both research and practice in technology education.

Regarding the practical implications, future efforts on professional development pro-
grams could include activities to foster teachers’ technology content knowledge by intro-
ducing practical workshops with hands-on activities to increase teachers’ confidence and 
reduce their safety inhibitions while working with technology. For instance, clarity in tech-
nology curricula aims along with suggestions for the necessary teaching time and mate-
rial development for technology-related activities could support teachers and simplify their 
efforts on technology integration in their teaching practices. Additionally, school and state 
representatives should reflect on teachers’ needs for clear curriculum frameworks with con-
crete aims and implementation processes. School and state representatives must acknowl-
edge the need for school equipment and materials to support teachers in properly inte-
grating technology-related lessons in primary schools. Our findings could also encourage 
school principals to organize school intern trainings and technology-related activities to 
address teachers’ need for support and foster collaboration among colleagues. A dedicated 
space with the necessary materials for technology activities could also be established in 
schools to promote and support teachers’ efforts in the integration of technology.

Based on the findings of this study, we are currently developing a professional devel-
opment course to enhance the integration of technology in German primary schools. Our 
future research and the professional development course aim to help bridge the gap between 
theory and practice in this field by supporting concrete curriculum aims and incorporating 
hands-on activities with concrete implementation strategies and lesson concepts. We have 
built upon the knowledge base provided by this study and aim to motivate, prepare, and 
support teachers during the development and integration of technology lessons in primary 
schools.

Limitations

While this study presents important findings, there are some limitations that need to be 
addressed. Our study focused on primary school teachers’ perceptions and experiences with 
technology use in Bavarian schools, which may limit the generalizability of our findings 
due to differences in curricula among all German states (Mammes et al., 2016). However, 
our aim, as in other qualitative studies (e.g.,Georgiou et al., 2023), was not to generalize 
our findings to a larger population but to provide a rich and contextualized understanding 
of primary school teachers’ perceptions and experiences with technology integration.

We followed a constructivist approach that values individual perspectives and experi-
ences in shaping these perceptions (Creswell & Poth, 2016). Nonetheless, to address this 
limitation, we purposively selected a diverse group of primary school teachers and used 
rigorous data analysis methods to ensure the trustworthiness of our results. Given the 
exploratory nature of our study, future research could aim to replicate our findings with 
more diverse samples of primary school teachers from different regions to explore potential 
similarities and differences.
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Conclusion

In summary, the current study explored primary school teachers’ technology-related imple-
mentation practices, perceived value of technology education, and perceived challenges 
and support needs. Our findings highlighted the essential determinants for the integra-
tion of technology—namely, teachers’ technology content knowledge, confidence, need 
for training, and need for clarity in curriculum standards. This study builds the knowledge 
base necessary to promote future efforts to successfully standardize curricula frameworks 
and to develop and implement technology-oriented professional development programs for 
pre-and in-service primary school teachers.
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