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Digital media have played a central role in everyday school life, at least since the governments in various competence frameworks define the digital competence areas. With a view to experimentation in STEM lessons, digital media offers a variety of opportunities to promote learning processes. A benefit is expected from technological progress when visually imperceptible scientific processes are made visible with software and hardware systems. Augmented reality combines the real and virtual worlds so that the viewer physically moves in a real environment that contains virtual elements. Consequently, augmented reality offers good conditions for expanding students’ subject-specific knowledge regarding substance-particle concept understanding. When a technology like augmented reality is used in the classroom, the learning environment must be accepted by teachers. Teachers are thus actively involved in the modification of digital learning environments so that they can identify, evaluate, and select digital resources. Teachers’ acceptance, therefore, presupposes an upbeat assessment of the usability of the innovation. Attitudes and self-efficacy can influence digital literacy and, thus, acceptance. The study investigates whether chemistry teachers positively embrace augmented reality and accept them as learning tools. Considering the T(D) Pack model, the teachers’ digital competencies are examined concerning the subject- and media-didactic evaluation of digital media. First, self-efficacy and attitudes of teachers (N = 157) are assessed. After processing the (non-/HMD-)augmented reality learning environment, an acceptance and usability test (N = 122) follows. The data analysis provides reliability and correlation analyses according to classical test theory. The results demonstrated that chemistry teachers saw great potential in using digital media and AR and, in particular, positively evaluated the AR learning environment on the tablet for chemistry teaching. In this context, the analyses revealed significant correlations between attitudes and acceptance.
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1 Introduction

Digital competencies are not only essential in everyday life but also in the modern world of work and especially in the school context (Fischer et al., 2015). Accordingly, with the publication of “Competencies in the Digital World” by the Kultusministerkonferenz (2017), the educational mandate at German schools became more apparent than ever. Digitization should reach all school subjects (Huwer and Banerji, 2020). Thus, the school community should aim to support learners in developing digital competencies (Sailer et al., 2017). Accordingly, learners and teachers must develop media skills (cf. Gu et al., 2013). During the recent coronavirus pandemic, it became clear that teachers must acquire competencies in teaching and learning with digital media, especially concerning new innovative technologies (Lachner et al., 2020). Therefore, several frameworks have been designed to map teachers’ professional knowledge. Referring to the TPACK model (Köhler and Mishra, 2009), this professional knowledge consists of three dimensions: content knowledge (CK), pedagogical knowledge (PK), and technical knowledge (TK). On this basis, the DPACK model addresses not only technology but also digitality (Stalder, 2018). Concerning the individual and societal digital transformation, the components are combined into a pedagogical and subject content knowledge (DPCK) that relates to digitality as a basis for a subject-specific and media-pedagogical reflected instructional design with technologies (Stalder, 2018; Huwer et al., 2019a,b). The DigCompEdu competence framework systematizes the various media-related competencies of teachers needed to implement their educational mission in a digitalized world (Redecker and Punie, 2017). Digitization is based on dynamic and fast-moving scientific developments that can be challenging for (prospective) teachers. Therefore, the DiKoLan competence framework has developed standards for teacher training based on the existing subject curricula. This framework is the first science education and practice-oriented approach that differentiates the TPACK model in a domain-specific way (Becker et al., 2020; Kotzebue et al., 2021).

With a view to experimentation in STEM lessons, digital media offers a wide range of possibilities to promote learning processes and activities (Nerdel and von Kotzebue, 2020). A benefit should result from the technical progress, especially when visually imperceptible scientific processes are made visible with soft- and hardware systems (Huwer et al., 2019a,b). Particle modeling techniques (e.g., tablet with video) contribute to the understanding of the substance-particle concept by explaining the real-world phenomenon on the substance level through appropriate forms of representation. Augmented reality (AR) has become popular as a forward-looking technology in recent years (Akçayır and Akçayır, 2017; Buchner and Freisleben-Teutscher, 2020). While in virtual reality technology, the viewer moves in a fully simulated environment, AR links virtual and real worlds (Azuma, 1997). For this reason, AR is also referred to as mixed reality (Milgram and Kishino, 1994) and can be used to visualize not only 2D objects but also 3D representations. In addition, AR information can be controlled interactively (Azuma, 1997; Dunleavy and Dede, 2014). It is possible to view the combination of the physical and digital world in two ways (Milgram and Kishino, 1994), either on a screen (e.g., PC, tablet, smartphone) or as AR glasses directly integrated into the field of view (e.g., head-mounted display, abbreviated HMD; cf. Lauer and Peschel, 2023). The unique nature of AR for the chemistry subject becomes evident when submicroscopic particles are virtually projected onto a real experiment while considering dynamics. According to Fiorella and Mayer’s coherence and contiguity principle Fiorella and Mayer (2021), this simultaneous presentation should foster positive learning effects. It also avoids split attention, often with conventional media (Ayres and Sweller, 2021). AR thus offers new pedagogical possibilities for multimedia learning (Buchner and Freisleben-Teutscher, 2020; Keller and Habig, 2022) and can provide promising support for the learning process as a promotional measure. Accordingly, AR concerning interactivity (cf. Dunleavy and Dede, 2014) should be particularly suitable for promoting self-regulated learning (Buchner and Freisleben-Teutscher, 2020). Furthermore, AR as a tool for interaction and communication can have a positive impact on learners’ attitudes and motivation (Bacca et al., 2014; Radu and Schneider, 2019) and, ultimately, on learning performance (Hellriegel and Čubela, 2018; Nechypurenko et al., 2018; Buchner and Freisleben-Teutscher, 2020; Keller and Habig, 2022).

AR technology can play a constructive role in teacher education, but this is closely linked to the TPCK of teachers (Buchner and Zumbach, 2020). In addition to the conditions of the school, such as IT infrastructure, the evaluation of the innovative teaching and learning material, as well as the open-mindedness toward it, has a significant influence on the perspective use of technology in teaching (Fischer et al., 2015). Teachers must be able to evaluate AR as an educational technology and adequately assess its technical possibilities (Buchner and Zumbach, 2020). Accordingly, teachers must be supported in their professional development to understand how innovations such as AR work and how they can select, reflect, and use them for their subject-specific and media pedagogical potential (Buchner and Zumbach, 2020). Only when the teacher is satisfied with the digital tool (Kopp et al., 2003) a successful implementation in classes at schools will be possible (cf. Kiraz and Ozdemir, 2006; Krause and Eilks, 2015; Dalle et al., 2021). Acceptance is a favorable adoption decision of an innovative technology (Simon, 2001) and describes the attitude toward a behavior (cf. Álvarez-Marín et al., 2021). Special attention is paid to didactic and media design when developing digital learning environments (Bürg, 2005; Holden and Rada, 2011). Thus, assessing their system quality is crucial when successfully integrating innovations such as AR into subject teaching (Silius et al., 2003; Kiraz and Ozdemir, 2006; Dalim et al., 2017). In this regard, the literature shows a correlation between the assessment of digital learning tools and interest as well as perspective learning success (Karapanos et al., 2018; Fitting et al., 2023). Venkatesh and Davis (2000) refer to Ease of Use or the more common term Usability (Fitting et al., 2023). Usability is summarized by the European Committee for Standardization (DIN EN ISO 9241-110:2020–10, 2020) as the extent to which a system can be used to achieve goals with effectiveness and satisfaction in a specific context of use. Accordingly, usability can be defined as a predictor of acceptance in terms of media and didactic design (Bürg, 2005). In addition to usability, acceptance is also affected by the characteristics of the individual. Personality traits are based on Fishbein and Ajzen’s (2010) Theory of Planned Behavior, which holds that attitudes or self-efficacy can influence intention and thus change a person’s behavior. Graham et al. (2009) conducted a pilot study to measure STEM teachers’ self-efficacy concerning the TPACK model. The results indicate a relationship between usage behavior and self-efficacy regarding digital media (cf. Graham et al., 2009). Accordingly, it can be assumed that chemistry teachers’ assessment of competence can influence the likelihood of a desired behavior (Abd Majid and Mohd Shamsudin, 2019; Álvarez-Marín et al., 2021), such as the subject-specific reflective use of AR (Bürg, 2005; Vogelsang et al., 2019). Therefore, teachers should have subject-specific and media-didactic knowledge in order to be able to evaluate innovative technologies such as AR and their potential for teaching and learning in chemistry.

Thus, this study investigates how chemistry teachers evaluate AR learning environments and accept them as teaching and learning tools. Attitudes and self-efficacy regarding digital media and AR will provide insights into open-mindedness and media-related competencies. Taking into account the T(D)PACK model, the study examines the following questions:


RQ1: How do chemistry teachers evaluate the use of digital media and AR in chemistry classes, and how do they assess their skills and abilities in using them?

RQ2: How do chemistry teachers evaluate AR learning environments’ characteristics and usability, and to what extent do they accept AR learning environments?

RQ3: How do the characteristics of the individual and the learning environments relate to the acceptance of AR learning environments?
 



2 Methods


2.1 Participants and data collection

Teachers from the STEM field, primarily with chemistry as a subject, participate in the data collection. One hundred fifty-seven teachers are digitally surveyed to assess their self-efficacy and attitudes (digital media/AR). Subsequently, the chemistry teachers test the learning environments. Experimental group 1 consists of 46 subjects working with an AR learning environment on a tablet. Comparison group 2 (N = 41) works on the HMD-AR learning environment with the same content on the AR glasses, and the control group (N = 35) uses a simulation-based learning environment on the tablet with equivalent content. The treatment is followed by a usability and acceptance test to evaluate the learning environment (N = 122). Figure 1 describes the procedure of the entire data collection, although it was integrated into a more extensive main study to understand the matter-particle concept. This paper focuses on the pre-and post-surveys to capture the characteristics of the individual and the learning environments and omits the test tasks (cf. grayed out in Figure 1).

[image: Figure 1]

FIGURE 1
 Implementation and procedure of data collection with a focus on the described sub-study: recording of person characteristics and recording of acceptance and usability, as well as processing of one of the three learning environments.




2.2 Design of the AR - learning environment

Three content-identical (non-) AR learning environments focusing on particle modeling were developed to determine the usability and acceptance of innovations such as AR. The AR learning environment on redox reactions consists of a real experimental setup for the electrolysis of zinc iodide. When the subjects point a tablet with the app at the electrolysis cell, the virtual learning environment appears in the foreground. The function menu allows interactive control, in which the display format is virtually projected onto the real experiment. The AR setting includes four learning paths elaborated before and after the DC voltage source is switched on. The user can distinguish between the presentation forms text, symbol, and image in every learning path.

A transfer to the non-AR variant (tablet) and HMD-AR variant (AR glasses) occurred based on the tablet-based AR setting. Figure 1 shows that the user can view the chemical reactions pictorially and simultaneously project the particle-level processes next to or into the real experiment (non-AR vs. AR vs. HMD-AR). The particle-level processes in the AR learning environments are always oriented to the real experiment sequence at the substance level (see Figure 2).

[image: Figure 2]

FIGURE 2
 Comparison of the (A) non-AR, (B) AR, and (C) HMD-AR learning environments (from left to right) without and with the real experimental setup and the virtual particle processes on the tablet and AR glasses, respectively.




2.3 Survey instruments and research method

Based on Naumann et al. (2001) and Vogelsang et al. (2019), one questionnaire was developed to assess the characteristics of the persons. The items were intended to operationalize the use of digital media and innovations such as AR against the background of chemistry teaching. According to Graham et al. (2009), the items were differentiated for the TPACK model. Figure 3 demonstrates four scales on attitudes and self-efficacy regarding digital media and innovations such as AR. In addition, each of these main scales was subdivided into two to three subscales (see also N = number of items in Figure 3), so that the levels of technical pedagogical content knowledge (TPCK), technical pedagogical knowledge (TPK), technical knowledge (TK), and superordinate knowledge without a specific view on teaching (General) were focused on, correspondingly. Furthermore, exemplary sample items are given in Figure 3. Previous experience with digital media and augmented reality was also recorded as part of the preliminary survey.

[image: Figure 3]

FIGURE 3
 Overview of the main scales and subscales with exemplary sample items of the questionnaire for capturing personal characteristics; N = number of items.


In addition, following Bürg (2005), Kopp et al. (2003), and Simon (2001), another questionnaire was developed to assess the acceptance and usability of the particular learning environment. Accordingly, an acceptance scale and eight usability scales were constructed (see Figure 4). In order to be able to comprehensively survey the teachers’ assessments of the usability of the learning environments, a differentiation is made between didactic, media-didactic, and technical design criteria, as well as aspects of school transfer during implementation in the classroom.

[image: Figure 4]

FIGURE 4
 Overview of the main scales and subscales with exemplary sample items of the questionnaire for capturing acceptance and usability; N = number of items.


The data are analyzed descriptively and with reliability and correlation analyses based on classical test theory. A comparison of the three groups provides deeper insights into the acceptance of digital media and AR for chemistry teaching. The impact of the learning environment features on chemistry teachers is examined.




3 Results

All of the 157 participants who answered the test on personal characteristics stated that they used digital media privately, for example, for communication or entertainment purposes (“social media” or “YouTube videos”), and that they also regularly integrated them into their lessons. Traditional digital learning applications such as videos or presentations were mentioned more frequently. Five participants said they use AR privately (e.g., “PokemonGo”). Furthermore, 14 teachers stated that they have already used AR in their subject teaching. More than 60% of teachers (N = 98) declared that they regularly engage in digital professional development (e.g., measurement). This subset includes 16.3% who have attended at least one AR training (e.g., using the AR app “Blippar”) (N = 16).

The reliability analyses for the individual characteristics (attitudes and self-efficacy, see Table 1) resulted in excellent Cronbach’s α-values between α = 0.87 and α = 0.97. With mean scores above the mean scale level of 1.5, the usefulness of digital media and AR was rated highly. As expected, digital media self-efficacy is higher than AR below the mean scale level (see Table 1). Chemistry teachers rated their skills in using traditional digital applications as good (M ≥ 1.92). Values between 0.45 and 0.7 can describe the associated scatter. If self-efficacy is focused on AR, the mean values are consistently around 0.7. The increased standard deviation in the scale to AR (SD = 0.72) indicates a high dispersion. The subscales regarding TPACK support the results of the main scales. Strikingly, the TK and General subscales consistently showed the highest mean values, whereas the TPCK scales were the lowest, except for attitudes toward AR.



TABLE 1 Scale documentation of the test instrument on person characteristics (attitudes and self-efficacy) with main and their TPACK subscales, four-point Likert scale (0: “strongly disagree” to 3: “strongly agree”), indicating number of subjects (N), number of items per scale (n), Cronbach’s alpha of the scale (α), mean (M), median (Mdn), and standard deviation (SD).
[image: Table1]

The usability and acceptance scales had acceptable to excellent internal consistency values (cf. Table 2). Except for the scales adequacy of requirements, customizability, and comprehensibility of the media with alpha values between 0.69 and 0.78, these scales have high reliabilities (all Cronbach’s α > 0.79). Thereby, an excellent value of internal consistency (α = 0.90) is shown in the scale effect of the media (cf. Table 2). Overall, chemistry teachers rated the digital learning environments as consistently positive, with mean scores ranging from 2.05 to 2.47. In particular, subjects seem to embrace the concept of learning applications. This is evident from the high mean value in the acceptance scale with its low dispersion (M = 2.38, SD = 0.45). The customizability was estimated with M = 2.05 at the lowest. In this context, this scale’s increased standard deviation (SD = 0.56) stands out from the other scales and indicates a high degree of dispersion (Table 3).



TABLE 2 Scale documentation of the Acceptance and Usability Test with a four-point Likert scale (0: “strongly disagree” to 3: “strongly agree”) in Main Study 1 indicating the number of subjects (N), number of items per scale (n), Cronbach’s alpha of the scale (α), mean (M), median (Mdn), and standard deviation (SD).
[image: Table2]



TABLE 3 Descriptive statistics of the acceptance and usability test with a four-point Likert scale (0: “strongly disagree” to 3: “strongly agree”) comparing groups with simulation (N = 35), AR- (N = 46), and HMD-AR (N = 41), indicating the mean (M), median (Mdn), and standard deviation (SD).
[image: Table3]

The results demonstrated significant correlations between acceptance and attitudes toward digital media and AR with rs values of at least 0.25 at the 0.01 significance level (cf. Table 4). There is almost a medium correlation (rs = 0.30) concerning the attitudes toward AR. Overall, there are highly marginal correlations between the scales on self-efficacy about digital media or AR and acceptance. According to this, self-efficacy seems to be largely independent of acceptance. The correlation matrix shows that a very weak correlation prevails between the self-efficacy regarding digital media and acceptance (rs = 0.10). The functional design criteria were less strongly associated with acceptance appropriateness of requirements: rs = 0.24 and technical usability (rs = 0.25). The customizability and comprehensibility of the media provided medium correlations with rs > 0.35. All other usability scales correlated highly with acceptance (rs > 0.50).



TABLE 4 Bivariate correlations between the scales on usability and person characteristics regarding digital media resp.
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4 Discussion

The chemistry teachers saw opportunities and benefits in using digital media and AR (cf. RQ1). It is assumed that prior knowledge about digital media for school purposes was very pronounced and positively related to attitudes (Dinse de Salas, 2019). However, since the pandemic entailed numerous restrictions at the beginning of the data collection phase (e.g., homeschooling), it is conceivable that some subjects were critical of the technological innovations (Borukhovich-Weis et al., 2021). In addition to the restrictions such as contact bans, distance learning, and sick leave taking over substitute lessons, Corona revealed an acceleration effect concerning technologies, which certainly challenged the teachers mentally. Data collection on the scale described in Chapter 3.1 could have been too demanding for the participants and could have harmed the study results. While the usefulness of innovations such as AR was viewed positively overall, the slightly lower scores suggest that teachers were less receptive to AR than digital media. Like Vogelsang et al. (2019), the participants reported little touch points regarding the use of AR in chemistry classes. Accordingly, learning-related prior experience with AR and knowledge concerning T(D)PACK are low (cf. Graham et al., 2009). Teachers rated their own competencies in dealing with conventional digital applications as consistently good (cf. RQ1). Since subject teaching was confronted with many digital innovations during the survey period and teachers were repeatedly presented with new, mostly unknown possibilities of digital lesson design (cf. Tappe, 2019), media-related competencies seem to have been assessed lower. Accordingly, professional knowledge might be based more on generally manifested technical skills (cf. Self-efficacy toward AR and digital media with a focus on TK in Chapter 4) that are less targeted at instructional practice-related changes (cf. DigiCompEdu and T(D)PACK model). STEM teachers’ expertise in AR was weaker (see Sumadio and Rambli, 2010; Vogelsang et al., 2019), but still more robust than expected. Furthermore, a significant scattering is shown. Since teachers assigned innovations such as AR a moderate to slightly elevated potential for practical use in schools in the course of the survey, it becomes apparent that they have so far almost hardly used them in the classroom and consequently could not possess any experience with them (cf. Sumadio and Rambli, 2010). Accordingly, these teachers appear to be less competent concerning innovative technologies (cf. Scheiter, 2021). Although the self-efficacy tests did not test knowledge, self-efficacy and acceptance should tend to correlate (Dinse de Salas, 2019). Accordingly, it could be explained that the high degree of novelty, as well as a lack of media pedagogical knowledge regarding AR (cf. Sumadio and Rambli, 2010; Knüsel Schäfer, 2020), influenced the assessment of self-efficacy (Graham et al., 2009; Krause and Eilks, 2015). However, interest in technology or openness to new things might have positively affected self-efficacy and explained the re-expected elevated scores (Knüsel Schäfer, 2020). Teachers may also overestimate themselves (Knüdel Schäfer Becker et al., 2020). Therefore, knowledge tests regarding the use of AR should follow. They can give a deeper insight into the competencies related to the T(D)PACK model.

The teachers consistently rated the three digital learning environments positively (cf. RQ2). High values of the assessed features of the learning environment indicate that the didactic media design criteria of the learning environments were implemented very well (Bürg, 2005). The conceptual preparation of the learning application seems to have been considered promising (Kopp et al., 2003), which speaks for an exemplary implementation of the learning environment’s media, functional, methodological, and didactic design. The simulation-based and AR-based learning environments were assessed very similarly. Given the technical challenges associated with using HMD-AR technology (Scheerer, 2021), it is not surprising that the high-end technology scored the lowest with the highest dispersion. The scope of action to work self-directed with AR glasses was visibly rated lower than with the other applications. Finally, this finding should be explained with the help of the novelty level of the high-end technology. The novelty of AR glasses concerning their functions and their associated difficulties in using them have significantly impacted the rating (Buchner et al., 2021). Only the motivational strength seems to come to the fore with the HMD-AR technique (Bacca et al., 2014; Radu and Schneider, 2019; Buchner and Zumbach, 2020). The data material indicates the trend that the usability of the non-AR variant was rated slightly better than the AR learning environment on the tablet. The challenges in handling the HMD-AR technology were mentioned more often, calling for a visible need for optimization (Scheerer, 2021). Because the AR learning environment on the tablet tended to inspire greater familiarity with the technology, the technical operation should present fewer difficulties (Wu et al., 2013). Accordingly, the non-AR learning environment was rated most efficient, and the HMD-AR learning environment was least conducive to learning. The results of the acceptance scale also clearly show that STEM teachers accept the concept of the learning environment very well (cf. RQ2, Kopp et al., 2003). The AR learning environment experienced the highest adoption among chemistry teachers, whereas the simulation-based learning environment was ranked slightly lower, and the HMD-AR setting was the least accepted (Bürg, 2005). Despite its strongly motivational character, the AR glasses apparently could not consistently meet the teachers’ subject didactic requirements. This was justified by the extremely high degree of unfamiliarity and the low level of media-related knowledge regarding AR, which often led to technical difficulties (Scheerer, 2021). Furthermore, it cannot be excluded that the technical operation of the AR glasses led to a cognitive overload and thus negatively influenced the evaluation (cf. Wu et al., 2013; Ibáñez and Delgado-Kloos, 2018). Following recent findings attributing a high extrinsic load (cf. Chandler and Sweller, 1991) to AR glasses (cf. Buchner et al., 2021), teachers’ cognitive overload may have led to lower satisfaction with the technology. The study results demonstrate the need to promote STEM teachers’ media-related skills and abilities in addition to technical ones.

It is clear that the questionnaire from the preliminary survey, similar to Graham et al. (2009) and Vogelsang et al. (2019), is very well suited to assess the person characteristics against the background of the TPACK model. Furthermore, the study revealed an assessment tool’s importance in operationalizing usability and acceptance (cf. Kopp et al., 2003). Such evaluation instruments can help teachers manage the evaluation process and gather important information for the prospective use of the teaching and learning tool in the classroom (cf. Silius et al., 2003). Concerning the DigComEdu competency framework, innovations such as AR, in particular, should be integrated more firmly into the framework so that teachers become more confident in handling them and better evaluate their potential for use in the classroom. However, it is noted that aspects of digitality should have been considered in the survey instruments of the present study. Tools for augmenting chemistry experiments that focus on socially relevant, real-world problems and include ethical components (e.g., greenhouse effect/global warming or alcohol) put digitality in the foreground (cf. Stalder, 2018; Huwer et al., 2019a). For this case, the questionnaires should urgently be expanded and, in addition to the teachers’ digital competence (questionnaire of the preliminary study), also depict items on usability concerning so-called socio-scientific issues in the final survey questionnaire (Rahayu, 2019).

The results demonstrated significant correlations between attitudes and acceptance (cf. RQ3). If digital media and AR are assessed as beneficial for STEM teaching, their adoption as teaching and learning material increases (Stark et al., 2001; Schallehn, 2004). Concerning the attitudes toward AR, an almost medium and thus higher correlation is shown than in the attitudes regarding digital media. Accordingly, the more significant effect on attitudes toward AR suggests that, in particular, a high open-mindedness toward innovative technologies is associated with a high adoption of AR. The innovation specification should explain the significance of the attitudes regarding AR (Bandura, 2001; Bürg, 2005). According to Karapanos et al. (2018), experienced and skilled individuals tend to be more likely to perceive interaction principles, make analogies, and recognize the effectiveness and efficiency of the learning material when dealing with technology. The data material provided only a weak correlation between self-efficacy regarding digital media and acceptance. This result is astonishing since self-efficacy as an indicator of media-related prior knowledge (Fishbein and Ajzen, 2010) should have a decisive influence on adopting innovations (Burkhardt and Brass, 1990). Per se, the teachers were inexperienced in AR, which should require much of the available elaboration time to learn how to use the app (Karapanos et al., 2018). Ultimately, descriptive analysis provided that subjects rated their self-efficacy for AR mostly higher than expected and sometimes contrary to their identified prior experiences. While positive experiences may increase self-directed use of their initiative and thus influence self-efficacy (Knüsel Schäfer, 2020), the surprising result is that only about 9% of the teachers reported prior AR experience. According to Scheiter (2021), more conservative assessments of one’s ability for AR would suggest highly competent teachers because participants would recognize the wide range of AR. After the acceptance scale yielded very high scores, the results are difficult to interpret and should be analyzed in further research. Particularly when it comes to teachers’ digital literacy (cf. Stalder, 2018; Huwer et al., 2019a), future research should examine relationships not only between attitudes and self-efficacy regarding TPACK, but also DPACK, and acceptance. Ultimately, the novelty of AR seems to be responsible for the mixed picture. Significant values were diagnosed in all usability scales, whereas the functional design criteria were rather weakly associated with acceptance. Chemistry teachers seem to accept the learning environment when they find learning with it effective, efficient, and satisfying (Figl, 2010). As expected, a positive evaluation of usability, especially concerning media didactic design, perspective learning processes among students, and media effects, seems to be associated with high satisfaction. Therefore, future teacher training concepts should focus primarily on the didactic potential of innovative techniques (e.g., artificial intelligence) and, with a view to the significance of DPACK, also increasingly address the digitality of innovations (Huwer et al., 2019a).
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Furthermore, the assessments regarding the different applications (simulation, AR, and HMD-AR) were examined more thoroughly through descriptive analysis in the three groups (see
Table 3).
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Values above the mean scale level were consistently achieved in all three groups. Itis striking that the HMD-AR group generally achieved the lowest values. The scores for the non-AR and AR
learning environments were most similar. Comparing the means of acceptance scale, the AR group stood out (M=251, SD=0.43). The simulation achieved a mean value in the middle level
with M=2.37 (SD=0.38), and the HMD-AR achieved the lowest mean value with M=224 (SD=0.5). Adequacy of the requirements yielded nearly similar scores in the tablet groups,although
this characteristic was also rated lower by the HMD-AR group (M=2.05, SD=0.5). Technology was rated similarly in the tablet groups (M=2.4, $Dc.,=0.49, 5D, =0.46). The HMD-AR
technique has been rated negatively (M =2.05, SD=0.45). The scatterplots provided similar values in all three groups. Customizabilit generally rated lower, was the minor mean in the HMD-
AR group, with M=1.91 and a significantly increased standard deviation of SD=0.62. The scales “Problem-oriented didactics;” “Comprehensibilty of media; “Effect of media and
“Anticipated learning success” achieved relatively similar resultsin all three groups with 2.45> M>2.11and 0.46 >SD >0.30, Regarding motivational character, HMD-AR yielded the highest

41 (SD=0.48) and was rated most positively by teachers.
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