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Introduction: Self-efficacy is an important predictor of teaching behavior. Within several research traditions (TPACK framework, school achievement tests), different ICT self-efficacy scales have been developed. The empirical structure of existing questionnaires has frequently been researched and discussed within the TPACK framework. However, for teacher ICT self-efficacy, non-instructional aspects as well as alternative instruments have rarely been investigated and compared to standard TPACK self-report scales.

Methods: In this study, we administer two sets of non-subject-specific ICT scales to a group of pre-service teachers (N = 165). We investigate the empirical structure using structural equation modeling.

Results: For both scales, the results show that instructional ICT self-efficacy forms a separate factor. For the remaining items, item difficulty and content drive further divisions. Further, more specific item formulations resulted in a higher range of scale means. Additionally, we find gender differences only on some non-instructional scales.

Discussion: Results confirm that the distinction between instructional vs. non-instructional ICT self-efficacy is important when developing or using questionnaires for pre-service teachers. Results also indicate that the usage of more specific task-related items is a promising alternative to general TPACK items.

KEYWORDS
 TPACK, ICT self-efficacy, information and communication technology, self-efficacy, pre-service teachers, factorial structure, gender differences


Introduction

Technology has been used in classrooms and education for almost 100 years, with radios broadcasting educational content as early as the 1920s (Cuban, 1986). Since then, there has been a steady inflow of increasingly powerful information and communication technology (ICT) into classrooms. As a result, teachers faced new challenges such as introducing students to modern technology and media as well as using it in a meaningful manner to support and elevate students’ learning. This also means that teachers need 21st century skills and confidence in their technological competencies to adapt to these evolving needs and opportunities (Falloon, 2020).

This confidence to master complex situations is often subsumed under the term self-efficacy. Self-efficacy comprises the personal belief in one’s organization, abilities, and skills to handle a situation (Bandura, 1977). Self-efficacy is considered an important concept as it is a central predictor for an individual’s behavior and performance. Tschannen-Moran and Hoy (2001) report that teachers’ self-efficacy is related to student achievement. Self-efficacy is usually regarded domain-specific (Bandura, 2006). Questionnaires may address teachers’ self-efficacy (e.g., Tschannen-Moran and Hoy, 2001), academic self-efficacy (e.g., Pumptow and Brahm, 2021), or technology integration into teaching (e.g., Wang et al., 2004). Regarding teachers’ self-efficacy in ICT related knowledge and skills, questionnaires based on the TPACK framework (Technological, Pedagogical, And Content Knowledge, Mishra and Koehler, 2006) have often been used. However, these questionnaires have shortcomings: In addition to general problems of self-reports, there is an ongoing discussion about their factor structure. Further, the factor capturing general Technological Knowledge (TK) is usually treated as a unidimensional construct (see “The TPACK framework” below for a short description of the TPACK framework and its components). However, several theoretical frameworks, for example the DIGCOMP model by Ferrari (2013) and its current version DIGCOMP 2.2 (Vuorikari et al., 2022) as well as other instruments (for example the student questionnaire from the International Computer and Information Literacy Study ICILS, see Fraillon et al., 2014) suggest several dimensions within this factor. The DIGCOMP model (Ferrari, 2013; Vuorikari et al., 2022) distinguishes five competence domains (information, communication, content creation, safety, and problem solving) containing several competencies, respectively. The ICILS-studies focus on collecting and organizing vs. producing and exchanging information with several sub-domains. These sub-domains comprise knowledge about computers and safe use of information (Fraillon et al., 2014). In the 2018 study, computational thinking (i.e., the ability to solve problems by using computers) was added (Fraillon et al., 2020). Like the TK factor, these and other models focus on general ICT competencies. They propose similar competence domains, but the number and the labels of these domains as well as their structure (e.g., whether safety is considered a main topic or sub-domain) differ between the models (see Hatlevik et al., 2018, p. 109, or Rubach and Lazarides, 2019, for a similar argumentation).

In the following study, we address these issues and compare two traditions of self-report questionnaires on ICT self-efficacy and instruments developed within them. The first tradition builds on the TPACK model (Mishra and Koehler, 2006), which acts as a content starting point. The second tradition relates to the idea of self-efficacy (Bandura, 1977) as an underlying theory and was applied in both, smaller scientific studies (Reddy et al., 2021; Tzafilkou et al., 2021) and large-scale assessments like the ICILS study (Fraillon et al., 2014, 2020). By comparing these traditions on a conceptual level and on an empirical basis, we show that both traditions share similarities, but also exhibit differences, for example with regard to item formulations and factor structure. In particular, based on empirical results, we propose possible subdivisions of the purely technological domain. Additionally, the results are relevant for the design of ICT self-report questionnaires, as they point out important aspects of item formulation.

We start by shortly summarizing the TPACK model, associated instruments, as well as further ICT self-efficacy questionnaires. Throughout this article, we focus on non-instructional and instructional, non-subject-specific scales. We identify similarities and differences between the traditions and summarize findings on the role of gender in ICT self-efficacy reports. In an empirical study on exemplary questionnaires based mainly on existing instruments (Gerick et al., 2018; Schmid et al., 2020, see Appendix A for a detailed listing), we investigate the factorial structure of both instruments. Further, by looking at correlations between the resulting subscales and gender differences on them, we take a first step to examine the construct validity of these instruments.



Theoretical underpinnings and empirical background

Within the next sections, we outline theoretical frameworks on ICT competencies and ways to assess these competencies along with empirical findings. In particular, we will focus on the TPACK framework (Mishra and Koehler, 2006) and self-report questionnaires. We also consider alternative self-report questionnaires used less frequently within research and evaluation of pre-service teachers’ competencies and training programs. Finally, we summarize the findings on gender differences in ICT skills and self-efficacy, which play an important role in interpreting the results of self-report questionnaires.


The TPACK framework

Many frameworks on ICT competencies have been developed. There are general frameworks for example the DIGCOMP framework by Ferrari (2013), or its current version by Vuorikari et al. (2022) as well as frameworks within education (for example the theoretical framework of the ICILS studies, Fraillon et al., 2014); or the DigCompEdu framework by Punie and Redecker (2017). Within teacher education, the TPACK framework by Mishra and Koehler (2006) is widely used. Based on the idea of Shulman (1987) that content knowledge, pedagogical knowledge, and pedagogical content knowledge are central for teachers, Mishra and Koehler (2006) extended this concept to include technological knowledge and its intersections with the previously mentioned knowledge areas. The resulting framework consists of seven central knowledge areas (Mishra and Koehler, 2006; Schmidt et al., 2009; Valtonen et al., 2015; Backfisch et al., 2020; Rahmadi et al., 2020; Zhang and Tang, 2021):

TK: Technological Knowledge about standard technologies, possibilities, constraints, usage, and interest in these technologies (e.g., using standard software tools, adding or removing single technical components).

PK: Pedagogical Knowledge about teaching and learning as well as purposes, values, and aims of teaching on a general level.

CK: Content Knowledge about a specific subject matter (e.g., facts, concepts, theories, procedures, and content specific ways of inquiry).

TPK: Technological Pedagogical Knowledge as the intersection of technological and pedagogical knowledge (e.g., choosing a suitable technological tool for a pedagogical task).

PCK: Pedagogical Content Knowledge on how to teach and learn a specific content (e.g., suitable representational forms, typical prior knowledge of students).

TCK: Technological Content Knowledge how technology and a specific content relate to each other (i.e., how technology has changed ways of inquiry and representation).

TPCK: Technological Pedagogical Content Knowledge comprising all basic aspects (i.e., how technology can be used to support a content specific teaching approach).

According to Mishra and Koehler (2006), the term knowledge also includes attitudes, skills, and competencies (see Seufert et al., 2021, for a more detailed discussion). Mishra and Koehler (2006) state and show empirically that it is important to provide training for the combined aspects in their model—TPK, TCK, and especially TPCK.

In this study, we focus on TK and TPK for several reasons: First, as we focus on pre-service teachers, the transition from general technological knowledge to more teaching specific knowledge is a central point. Further, several content domains may require different subdivisions. Finally, we aim at comparing instruments from different research traditions. TK and TPK are dimensions frequently found in different areas of research on digital literacy. In many models, TK is split into further subcomponents. Siddiq et al. (2016) conclude that the different competency models and frameworks are based on similar common ideas of retrieving, processing, and producing information, communication aspects, and responsible ICT use. Regarding the TPACK model, these distinctions can be interpreted as one possible subdivision of the TK factor (Rubach and Lazarides, 2019).

Based on TPACK model and its practical implications for teacher training, different questionnaires and other instruments have been developed in order to assess ICT competencies, for example the instrument developed by Schmidt et al. (2009). They will be described in the next section.



TPACK questionnaires

Although different ways to measure TPACK exist and testing may seem attractive to circumvent possible biases of self-reports (e.g., Siddiq et al., 2016), using self-report measures is widespread in empirical research on teachers’ TPACK (Wang et al., 2018; Willermark, 2018): Self-reports are easily applicable, less time consuming, and the transparency of the operationalization and reliabilities are usually higher (Willermark, 2018). Items can be formulated on a more general level, being more flexible and less susceptible to knowledge changing rapidly in this field (see Richter et al., 2001 for an older instrument with many items that are outdated by now). Some authors use the term self-efficacy when referring to TPACK self-report questionnaires (Backfisch et al., 2020; Lachner et al., 2021: Technology-related self-efficacy; Lee and Tsai, 2010 for the TPCK-W survey; Scherer et al., 2021). As mentioned in the introduction, although self-report questionnaires have the disadvantage of being subjective, motivational aspects captured by these scales are a co-determinant of showing a behavior in a specific situation and have an additional value when compared to objective testing procedures.

Based on the TPACK framework (Mishra and Koehler, 2006) and the self-report questionnaire published by Schmidt et al. (2009), several versions of this instrument and competing questionnaires have been published (Chai et al., 2013; Voogt et al., 2013; Wang et al., 2018; Willermark, 2018, provide overviews of existing instruments). Most TPACK self-report questionnaires ask for agreement on generic statements in each domain and use 5–7 point Likert scales as response scales (Willermark, 2018).

Although or because these TPACK self-report questionnaires are often used, empirical findings point to several shortcomings. First, there is an ongoing discussion if the dimensions of TPACK self-reports correspond to the structure of the TPACK framework (Chai et al., 2013; Voogt et al., 2013; Valtonen et al., 2017; Wang et al., 2018; Willermark, 2018). Some of the resulting models found seven correlated factors corresponding to the seven content areas postulated by the TPACK model (Chai et al., 2013; Schmid et al., 2020). Few authors found additional dimensions (Koh et al., 2010) or a different subdivision (Valtonen et al., 2015). Many researchers found fewer dimensions with a tendency for items on technological knowledge (TPK, TCK, and/or TPCK) to load on a single factor. Differences in the findings might be due to samples differing by expertise levels or cultural backgrounds. Differing item wordings and different approaches to data analysis may have contributed to the diverging findings on the factorial structure as well.

Scherer et al. (2017) restrict themselves to the T-dimensions (TK, TPK, TCK, and TPCK) and explore their factor structure. They conclude that the items of the TPK, TCK, and TPCK subscales form a single factor. Concerning TK, the authors favor a nested model where the TK items belong to both a TK factor and a general TPACK factor. They encourage researchers to take a closer look at the TK factor for unlocking its meaning and unravel the overall factorial structure of the TPACK self-report scales. Willermark (2018) states that several researchers criticized the TK factor for “being vague and too extensive” (p. 316). Few attempts have been made so far: Lee and Tsai (2010) intended to differentiate between general technical and communicative technical knowledge, but these items formed a single TK factor in subsequent analyses. Within the body of research on ICT attitudes, it has been shown to be useful to distinguish between behavior-oriented and object-oriented attitudes (Scherer et al., 2018; Sailer et al., 2021). This distinction might also be applicable to single subscales of TPACK self-report questionnaires.

Partly depending on the relatedness of underlying constructs, several studies found moderate to strong factor correlations. Some authors state that the TK factor shows lower correlations than the other factors within themselves (e.g., Valtonen et al., 2017). There is a wide range of correlations found between these two factors, reaching from 𝑟TK TPK = 0.37 (Schmid et al., 2020) to 𝑟TK TPK = 0.79 (Canbazoğlu Bilici et al., 2013). Similar to the unstable factor structure above, determinants for these fluctuations in the correlations are not known. Besides different cultural or educational systems that may suggest more or less related knowledge areas, the quite generic wording of many TPACK items in self-report questionnaires leaves room for interpretation by the respondents. Looking at other, similar instruments from large-scale assessments, and comparing those to standard TPACK items, may yield further insights.



Other questionnaires assessing ICT self-efficacy

Self-report questionnaires on digital competencies are part of large-scale assessments such as the Programme for International Student Assessment (PISA) or the ICILS study. They contain thoroughly developed items and scales for digital competencies with additional empirical results available. The PISA studies do not focus primarily on digital competencies. However, single aspects like digital reading play an increasing role (OECD, 2017). Accompanying questionnaires contain items on media use as well as on attitudes and self-reported digital abilities (OECD, 2017) similar to items from the TPACK self-report questionnaires. Additionally to these instruments developed for large scale assessments, ICT self-efficacy scales for specific purposes have been developed (see Tzafilkou et al., 2021, for a study using ICT self-efficacy scales for teacher educators). Recently, ICT self-efficacy has been shown to be a predictor of computer information literacy and technology acceptance in students (Hatlevik et al., 2018; Reddy et al., 2021).

The ICILS studies (Fraillon et al., 2014, 2020) focus on ICT knowledge and associated measures of 8th graders. In the students’ questionnaire, in addition to performance tests, the students’ self-efficacy is surveyed on both basic, everyday tasks and advanced, complex and technical tasks (Fraillon et al., 2014; Gerick et al., 2018). The correlation between these scales was 𝑟basic advanced = 0.64 with minor fluctuations across countries (Rohatgi et al., 2016, for a reanalysis from the ICILS 2013 study).

For the teachers’ questionnaire, Scherer and Siddiq (2015) investigated the factorial structure of computer self-efficacy in a Norwegian sample with support for a three-factor model with a factor for basic skills, for advanced skills (operational and collaborative), and for computer use on instructional purposes, respectively. They also found high correlations between the factors (𝑟basic advanced = 0.81, 𝑟basic instructional = 0.74, 𝑟advanced instructional = 0.76).

Both, the students’ and the teachers’ scale, are rated on a three-point response scale with the options I do not think I can do this, I could work out how to do this, and I know how to do this. Thus, in contrast to the TPACK items mentioned above, they follow Bandura’s (2006) recommendations by using different degrees of confidence in one’s ability on the response scale, but with less answer categories than proposed by Bandura, and a variety of specific tasks within their items (see Hatlevik et al., 2018, p. 117, for some comments on the response scales for self-efficacy items).



Interim summary and comparison of instruments

Both self-report questionnaires from the TPACK framework and similar questionnaires from the self-efficacy tradition aim at measuring ICT competencies. Compared to tests, they are less objective but do capture additional motivational aspects (Backfisch et al., 2020). A deepened understanding how these questionnaires work, including their origin and the underlying constructs, helps to choose the appropriate questionnaire and to interpret its results properly. Comparing these instruments at a descriptive, theoretical level provides an important basis for comparison using empirical data:

As noted above, both sets of instruments stem from different lines of research. The TPACK framework proposed by Mishra and Koehler (2006) builds upon the taxonomy suggested by Shulman (1987). Shulman distinguishes between three central knowledge domains (PK, CK, and PCK) that teachers should master. TPACK extends this model to include TK as well as its overlap with the previous three knowledge domains. According to Shulman (1987), reasoning and action operate on this corpus of knowledge. The concept of self-efficacy in contrast is already more action–oriented (Bandura, 1977). Its subdivision is related to specific goals and situations a person may encounter. Abu Bakar et al. (2020) argue that TPACK can be used by a person to get a sense of his or her self-efficacy regarding ICT-use in teaching contexts. However, as the items themselves may not fully transport the underlying idea of the two research traditions, looking closer at the instruments themselves may uncover differences as well as similarities between them.

A first difference is the general approach: Whereas self-efficacy as a belief is primarily captured by using self-reports, for example by self-efficacy scales, TPACK as knowledge can be captured by tests or outcomes like lesson plans as well (Wang et al., 2018; Willermark, 2018). However, as mentioned above, TPACK self-report scales are frequently used, and have even recently been labeled as self-efficacy scales (e.g., Backfisch et al., 2020; Lachner et al., 2021; Scherer et al., 2021).

A second difference is in the target group of the questionnaires: Self-report questionnaires from the TPACK framework were developed to survey pre- and in-service teachers, whereas questionnaires from large-scale assessments are intended to survey either students or teachers. Especially the student questionnaires could be complementary to TPACK instruments for pre-service teachers who are in transition between being students and being professionals. Thus, within this paper, we investigate the relationships of selected items from large-scale assessments to items and scales from the TPACK framework.

A third, related difference is the face-content of the scales. Some address the use of media for everyday purposes, especially those directed at students, but also other questionnaires on self-reported digital abilities and competencies (e.g., van Deursen et al., 2014; Reddy et al., 2021). Other scales are directed at teachers and capture instructional and pedagogical use of media (Schmidt et al., 2009; Schmid et al., 2020; Tzafilkou et al., 2021). A further distinction described above is the focus on attitudes or tasks (Seufert et al., 2021). Usually, items formulated to capture self-efficacy like some ICILS scales (Fraillon et al., 2014; Gerick et al., 2018; Hatlevik et al., 2018) are more oriented towards tasks (Siddiq et al., 2016). Therefore, these items are also more specific and less generic as some items from TPACK self-report questionnaires or the PISA study (but see Reddy et al., 2021 for an exception). This may imply that respondents have less scope for interpretation (see for example Groves et al., 2009, for a general model of the response process), but also that these items may have to be adapted for the field of interest as self-efficacy is domain specific (Bandura, 2006).

Empirical findings from studies on teachers’ ICT competencies underline the important role of content similarity between several self-report scales (see Podsakoff et al., 2003 for critical comments on response biases due to content overlap): In most cases, medium to high correlations between different instruments have been observed. Empirical results suggest that TPACK self-reports and self-efficacy scales capture similar constructs, and that there are higher correlations when there is a larger overlap of face-content: Joo et al. (2018) investigated the correlations between two TPACK sub-scales, general teacher self-efficacy, and other scales belonging to the technology acceptance model in a South Korean sample. They found weak to moderate correlations between TPACK and teacher self-efficacy scales ranging from 0.35 to 0.50. Correlations between TPACK and teacher self-efficacy scales were higher for the teaching related teacher self-efficacy scale than for the administrative teacher self-efficacy scale. Abu Bakar et al. (2020) found relatively high correlations between a teaching related self-efficacy scale and different TPACK sub-scales (𝑟s ranging from 0.61 to 0.83). Kul et al. (2019) found slightly lower correlations between TPACK and self-efficacy on using Web 2.0 technologies for teaching (𝑟s between 0.39 and.76). Thus, content overlap of the scales might be a central source for the different correlation levels.

Finally, not only the item wording but also the response format differs between items: TPACK and PISA items use Likert-type response scales with differing levels of agreement. However, some TPACK self-report scales use response scales with differing levels of self-rated competence or formulate statements that ask for individual abilities to use digital media and technologies in a specific way (Voogt et al., 2013). On the other hand, ICILS self-efficacy items are rated on a three-point response scale with differing levels of confidence in accomplishing a specific task. It is known that features of the response scale may affect data quality (DeCastellarnau, 2018).



Gender differences on self-reported technology-related skills and competencies

A frequently discussed issue in both ICT skills and competency self-assessments is gender. Gender is known to be an important predictor of self-reported ICT related skills and digital competencies (Venkatesh and Davis, 2000; Sieverding and Koch, 2009; Hohlfeld et al., 2013; Gebhardt, 2019). Knowing the sensitivity of scales to gender is a relevant point for further analyses (e.g., including gender as a relevant covariate) and for interpreting the results of a questionnaire.

Within students, Gebhardt (2019) found little to no difference between male and female students concerning basic self-efficacy, but they did find gender differences favoring males in the advanced self-efficacy scale. This may reflect the results of gender differences in different item functioning, where tasks involving the creation of information favor female students, while technical tasks such as information security or conceptual understanding of computers favor male students’s (Gebhardt, 2019). Hatlevik et al. (2018) find gender differences on ICT self-efficacy among students in some, but not all countries. They argue that this may suggest that the traditional differences are declining.

Within adults, Sieverding and Koch (2009) examine gender effects in men and women assessing their own technological skills in comparison to others as well as in their ratings of other people’s skills. Their study focuses on a complex task and shows that men and women alike rate their own technological skills significantly higher if they compare themselves to a woman than if they compare themselves to a man. Independently of their comparisons to other people, women rate their own skills significantly lower than men do (Sieverding and Koch, 2009). There are similar findings in other cultures (e.g., Durndell and Haag, 2002). However, Hohlfeld et al. (2013) summarize that previous research has shown that expected gender-differences are usually more pronounced in adults than in children. Overall, the body of research suggests that men and women do only slightly differ in actual ICT skills but women tend to report lower skill-levels when asked about their own skills than men with a comparable level of ICT skills.

Some studies focusing on teachers found similar results. Within mathematics teachers, Abu Bakar et al. (2020) detected no significant differences in TPACK self-report scales and teaching related self-efficacy scales in a small sample, but small to medium effect sizes favoring men (𝑑TPACK = 0.29, 𝑑self-efficacy = 0.48). Scherer et al. (2017) found support for the invariance of TPACK self-report scales across gender. There were mean differences for gender on both the general TPACK scale and the TK scale. This difference was more pronounced on the TK factor than on the general factor with male teachers reporting higher values. Scherer and Siddiq (2015) found significant gender differences on the ICILS basic and advanced skills scales, but not on the instructional scale.

In summary, gender seems to be a relevant predictor in self-reported digital competencies, especially on scales on advanced technology. However, fewer or no gender differences were found for scales addressing instructional purposes.



Aims and research questions of the present study

Valid questionnaires capturing meaningful constructs in a differentiated manner provide a foundation for assessing and improving ICT related skills and self-efficacy in pre-service teachers. In order to investigate the factorial structure of non-subject-specific items on ICT self-efficacy from two instruments within pre-service teachers, we inspect the structure within each instrument as a first step (Figure 1). We are interested in whether instructional and non-instructional items form distinct factors, and whether the sub-division of non-instructional items suggested by previous findings holds empirically. Further, we examine factor correlations and gender differences to gain initial insights into the construct validity of the resulting scales.

1. Regarding items from the TPACK tradition (Schmidt et al., 2009; Schmid et al., 2020), we assume that teaching related and purely technology related items form different latent factors (Scherer et al., 2017). Schmid et al. (2020) developed a short version of the TPACK self-report questionnaire with a TK factor consisting of four items capturing interest in and attitudes towards digital media. However, the original scale also contained more behavior-oriented items, for example on solving technological problems. We assume that items of the TK factor by Schmid et al. (2020) and more behavior-oriented items like technological problem solving (PS) form separate factors (Scherer et al., 2018; Willermark, 2018). Therefore, we will estimate three competing models:

(A1) Single factor model.

(B1) Two factor model comprising a factor for TK and for TPK, respectively.

(C1) Three factor model comprising a factor for TK, PS, and TPK, respectively.

[image: Figure 1]

FIGURE 1
 Different models of the TPACK items (A1–C1) and the self-efficacy items (A2–C2).


Based on previous research, we expect the last model to provide the best fit.

2. Regarding items from or in the style of the ICILS study (Fraillon et al., 2014, 2020; Gerick et al., 2018), we hypothesize that items may form two latent factors based on item difficulty, as factors in the ICILS study resemble either easy, everyday tasks or difficult, more advanced tasks. Similar to the findings from the TPACK framework and on ICILS-items (Scherer and Siddiq, 2015), we further assume that items with instructional content may be further extracted as an additional factor. Again, we will estimate three competing models:

(A2) Single factor model.

(B2) Two factor model with items on basic vs. advanced tasks.

(C2) Three factor model with items on basic, advanced, and instructional tasks.

As above, we expect the last model to provide the best fit.

3. Similar to a multitrait-multimethod approach (Campbell and Fiske, 1959), we examine correlations between the latent factors resulting from both preceding analyses. The correlation pattern should provide insights into the nomological network between the factors. We assume to find higher correlations between factors with a higher content overlap (resembling convergent vs. discriminant validity; possible aspects of face-content are instructional vs. non-instructional, and task vs. attitude orientation) or formulation of the response scale (resembling a method effect).

4. Gender: Self-reports of competencies as well as self-efficacy ratings are subject to gender differences, with males frequently reporting higher proficiency levels. This especially applies to scales that capture these aspects with regard to advanced technology use (e.g., Scherer and Siddiq, 2015; Scherer et al., 2017), but less with regard to basic and instructional use of ICT (e.g., Gebhardt, 2019; Abu Bakar et al., 2020). Based on previous findings, we assume to find

(a) strong associations between gender and factors capturing advanced non-instructional aspects favoring male students, and

(b) lower or even no associations between gender and factors addressing technology use for instructional purposes and less advanced technology-only aspects.




Materials and methods


Sample and procedure

The present study is based on a sample of 𝑁 = 165 pre-service teachers enrolled as students in a degree program at the University of Education Karlsruhe for becoming primary or secondary school teachers. They participated in an online survey as part of several courses in November 2020. The survey was conducted as a part of the University of Education Karlsruhe project which aims to develop and strengthen digital competencies within pre-service teachers. Participation in the study was voluntary and without compensation. The survey took place with the aim of providing lecturers and university executives with information about digital competencies of the students as a part of course and curriculum development. Participating courses included a lecture on media literacy, a lecture on research methods, and a seminar on computer use in mathematics education.

Due to the Covid-19 pandemic, we invited students to participate via mail, providing a link to the online questionnaire. The questionnaire consisted of a welcome page, an informed consent, a person specific code, demographic data, and several pages of items on self-reported technology-related competencies described below. Further, a motivation scale and feedback questions were included but are not considered here.

Out of the 181 questionnaires that were started, we excluded 16. Eleven participants only filled in the demographic data but stopped before answering the study specific items and three participants were excluded due to implausible responses (e.g., only the highest answer category). For one participant who did the survey three times, we used only the first trial. Finally, 165 questionnaires remained. Of these, 142 questionnaires were answered completely, and 152 participants filled in at least some of the ICILS items in the second part of the questionnaire.

Participants reported an average age of 22.8 years (SD = 4.0). Regarding gender, 146 persons (88.5%) reported being female, 18 (10.9%) reported being male, and one person reported being non-binary. This is a typical distribution of gender among pre-service teachers in these degree programs. The mean reported study semester was 3.1 (SD = 1.8). Further, 121 (73.3%) participants were enrolled for a Bachelor’s degree, and 44 (26.7%) for a Master’s degree. For future employment, 101 participants (61.2%) indicated that they were studying to become an elementary school teacher, and 64 (38.8%) to become a secondary school teacher.



Measures

We used several self-report measures for competencies in digital media. The survey started with TPACK items from two short self-report scales for TK and TPK (Schmid et al., 2020). We supplemented both sets of items with further items from a pilot study in a similar sample, where two factors emerged from an exploratory factor analysis: one factor addressing purely technological aspects, and a second factor addressing technology use for teaching. These items originated from several questionnaires (Schmidt et al., 2009; OECD, 2017). We used existing German translations for the wording of the items. Most items were slightly adjusted to fit the response pattern or the general wording of the questionnaire and the involved courses. Especially, the term technologies was replaced by digital media and further described as comprising both hard- and soft-ware components of technology. All items were rated on a 5-point Likert scale (1 = do not agree at all to 5 = fully agree). As part of the initial analysis, we removed items that contributed least to the internal consistency of TK and TPK scales. However, since this would have dropped all of Schmid’s TK items, these items were retained as a separate scale. Finally, three different scales with four items each entered the subsequent structural equation modelling (SEM) analysis: the TK scale contained in Schmid et al. (2020) capturing interest and general skills in using digital media, an additional scale on technological problem solving (PS) with general items on the ability to solve technological problems and install software, as well as a final scale primarily consisting of TPK items on employing digital media for instructional goals.

As a second set of items, items closer to Bandura’s (2006) idea of self-efficacy were adopted from or developed based on the student questionnaire of the ICILS 2013 study (Fraillon et al., 2014; Gerick et al., 2018): the first scale captures self-efficacy on basic tasks; the second scale captures self-efficacy on more advanced and complex tasks. Both scales are rated on the same response scale (1 = I do not think I can do that; 2 = I could figure out how to do that; 3 = I know how to do that.). In order to administer this scale within pre-service teachers, we added a further answer category 4 = I can teach others how to do that, adding a level of proficiency and rebinding the items to a teaching and learning context. Moreover, we added several items: Two items were adapted from van Deursen et al. (2014). We formulated five new items on technology use in teaching according to the content of the involved courses (producing an e-book, producing an explainer video, using virtual or augmented reality applications, developing a WebQuest, using mobile technologies for teaching outside classrooms).

Table 1 summarizes characteristics of the resulting scales. Regarding measures of reliability, we estimated Cronbach’s 𝛼 and McDonald’s 𝜔 (McDonald, 1999). All scales showed acceptable to high reliabilities within the boundaries of other TPACK self-report measures (α > 0.70, cf. Voogt et al., 2013) except the scale on basic self-efficacy, which was slightly below that value. Supplementary Tables 4 and 5 in Appendix A provide item wording and additional information.



TABLE 1 Scale characteristics of the final scales.
[image: Table1]



Data analysis

We used the statistical software R (R Core Team, 2021) and the lavaan package on structural equation modeling (SEM; Rosseel, 2012) for data analysis. Due to non-normal data, we employed robust WLSMV estimates with pairwise deletion of data. Model fit criteria were used to assess model fit according to cut-off values reported in Marsh et al. (2005) for a moderate model fit (i.e., CFI ≥ 0.95, TLI ≥ 0.95, RMSEA ≤ 0.08, and SRMR ≤ 0.10) and for model comparisons.

First, we estimated three competing measurement models for the items from the TPACK self-report scales (Figure 1A1–C1), and for the items in the style of the ICILS self-efficacy scales (Figure 1A2–C2), respectively.

Based on existing studies of TPACK self-report questionnaires, we compared a model with a single factor, a model with one factor for technology-only items and a one factor for instructional items, and a third model with an additional factor resembling items on solving technological problems as a separate factor.

For the self-efficacy items, we also started with a single factor model. Then we followed the idea of difficulty factors in the ICILS study: We assigned all newly formulated items on pedagogical software use to the ICILS advanced self-efficacy scale as they consisted of relatively complex tasks (see Supplementary Table 5 for means of the respective items). Likewise, we assigned the easy items from van Deursen et al. (2014) to the base self-efficacy factor. Finally, we estimated a three-factor model, where the newly formulated items on instructional and pedagogic media tasks formed a separate factor. For the two-factor and the three-factor model of self-efficacy style items, we allowed for correlated error terms between two items addressing image editing and creating videos.

Additionally, we were interested in the nomological network of the resulting scales. The term nomological network was developed within the concept of construct validity by Cronbach and Meehl (1955): “According to construct validity theory, a construct is implicitly defined by its position in a network of other constructs that is deduced from theory and based on scientific laws—the ‘nomological net’” (Preckel and Brunner, 2017, 1). The nomological network is empirically examined by observing convergent and divergent validity through estimation of correlation patterns between scales as described by Campbell and Fiske (1959).

In our analysis, we investigated the nomological network by estimating a single SEM model that included the previously developed best-fitting measurement models, and comparing the correlations between the latent factors. We did not use path analysis to avoid causal interpretations of the network, which are possibly misleading in cross-sectional studies.

Finally, gender was included as an exogenous variable in this overarching model, as the number of male participants did not allow for multi-group comparisons. Gender was coded by 1 for female students and 2 for male students. Appendix B provides lavaan syntax and output of this most comprehensive model.




Results

To learn about possible factor structures within each of both sets of items, we compared three models for the TPACK (Figure 1A1–C1) and self-efficacy (Figure 1A2–C2) items, respectively. Additionally, for a direct comparison of the instruments and a first step towards construct validity, we inspected the correlational pattern of the resulting factors across both sets of items and gender differences on them.


TPACK items

For the TPACK items, the model with a single factor yielded the worst fit, whereas the fit of the model with separate TK and TPK dimensions was better (Table 2). The third model that contained an additional factor for problem solving achieved an acceptable model fit on all fit indices and the best fit of the three models (𝜒2(51) = 90.1, 𝑝 = 0.001, CFI = 0.981; TLI = 0.975; RMSEA = 0.068, 90% CI [0.044; 0.091]; SRMR = 0.065).



TABLE 2 Fit indices different numbers of factors in a CFA (general statements of technological and technological pedagogical knowledge, 𝑁 = 165).
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Self-efficacy items

For the self-efficacy items (Table 3), again the model with a single factor yielded the worst fit, whereas the fit of the model with two factors representing the difficulty of the tasks similar to the original ICILS-scales was acceptable (𝜒2(168) = 232.5, 𝑝 = 0.001, CFI = 0.965; TLI = 0.960; RMSEA = 0.050, 90% CI [0.033; 0.065]; SRMR = 0.097). The third model that introduced an additional factor for pedagogical tasks improved model fit slightly (𝜒2(166) = 223.7, 𝑝 = 0.002, CFI = 0.969; TLI = 0.964; RMSEA = 0.048, 90% CI [0.030; 0.063]; SRMR = 0.095).



TABLE 3 Fit indices different numbers of factors in a CFA (task and software related statements, 𝑁 = 152).
[image: Table3]



Nomological network

Regarding the nomological network, we estimated a joint model containing six factors from preceding analyses, one error correlation, and correlations between all factors. The model showed acceptable fit (𝜒2(448) = 596.0, 𝑝 < 0.001; CFI = 0.960; TLI = 0.956; RMSEA = 0.045, 90% CI [0.035; 0.054]; SRMR = 0.091). Figure 2 depicts correlations between latent variables. All correlations were significant at the 0.05 level, ranging between 𝑟TK TPK = 0.17 and 𝑟S.E.Adv S.E.Ped = 0.85. Factors resembling self-efficacy style items yielded high correlations among themselves and with the PS factor. Furthermore, the PS factor was highly correlated with the TK factor (𝑟TK PS = 0.74).

[image: Figure 2]

FIGURE 2
 Associations between the latent variables. The widths of the lines indicate the strength of the correlations. All correlations are significant (p < 0.05, N = 165).




Gender

We included gender as a predictor for all six factors (Figure 3). We excluded a single person stating gender as non-binary. The model showed acceptable fit (𝜒2(474) = 619.6, 𝑝 < 0.001; CFI = 0.960; TLI = 0.958; RMSEA = 0.043, 90% CI [0.033;0.053]; SRMR = 0.094). All regression coefficients were positive, indicating higher values on latent factors for male participants. However, only the regression coefficients on TK, PS, and advanced self-efficacy were significant at the α-level of 0.05. Especially, regression coefficients for both factors comprising pedagogical aspects were close to zero.

[image: Figure 3]

FIGURE 3
 Standardized regression coefficients for gender (1: female, 2: male; *: significant at 𝛼 = 0.05, N = 164).





Discussion


Summary and interpretation of results

As self-report measures on ICT competencies are frequently used, knowledge of underlying factor structures and other properties of these instruments is important for selecting an appropriate questionnaire and interpreting its results. In terms of factor structures for non-subject-specific ICT self-efficacy, the results presented above suggest that instructional vs. non-instructional items should be considered as belonging to separate factors, and propose two possibilities how the non-instructional items could be further subdivided. This underlines the claims to focus on this factor in order to unlock its meaning (Scherer et al., 2017; Willermark, 2018). However, as allocation of these items differed between both sets of scales when viewed from the point of view of item formulations and properties, sensible division criteria represent a topic for further research, too. In the following, we first describe and discuss individual results following the research questions. Afterwards, we discuss limitations and shortcomings of the study on a general level.

Regarding the first research question on the items from the TPACK tradition and similar items (Schmidt et al., 2009; OECD, 2017; Schmid et al., 2020), fit indices presented in “TPACK items” and Table 2 favored a model with three factors (see also Model C1 in Figure 1): (1) The TK factor captures attitudes to and interest in technology. (2) The PS factor comprises items on solving technical problems including installing software, similar to Archambault and Barnett (2010) who found a factor with items on troubleshooting technical devices. (3) The TPK factor contains items with additional instructional content. Table 1 gives additional information on the obtained factors: All factors consist of four rather generally formulated items and show good reliabilities, except the TK factor, which resembles a rather heterogeneous construct. The range of scale means is quite narrow within 3.5–3.8, and students tended to select the fourth answer category, but rarely the first one. Overall, participants reported fairly high scores on these scales. This contrasts with the usually low test scores of this group of students in ICT performance tests (Senkbeil et al., 2021). Overestimation of ICT competencies in self-reports is quite common: For example, Tomczyk (2021) reports differences between objective and self-reported ICT competency measures within a sample. Differences between actual and self-reported competencies have been attributed to shortcomings of self-report measures, for example due to the Dunning–Kruger effect or response biases. The Dunning–Kruger effect describes the phenomenon that incompetent persons tend to overestimate their knowledge and abilities (see Mahmood, 2016 for a review on the Dunning–Kruger effect within information literacy; and Dunning, 2011 for a general explanation of this effect). Alternative explanations of these results include response bias, such as acquiescence bias, or simply the preference of certain answer categories (Kalton and Schuman, 1982; Knowles and Nathan, 1997; Podsakoff et al., 2003). Additionally assessments on global scales formulated in a generic manner tend to be higher (Ackerman et al., 2002). This becomes apparent in the current study when comparing the mean scores of the TPACK self-report scales with the results from the self-efficacy scales described next.

Regarding the second research question and items following the self-efficacy tradition (van Deursen et al., 2014; Gerick et al., 2018), results also favored a model with three factors (see “Self-efficacy items” and Table 3): (1) A first factor S.E. Basic consisting of items on everyday tasks, (2) a second factor S.E. Advanced with items on more complex technical tasks, and (3) an instructional factor (see Scherer and Siddiq, 2015, for similar results). See Model C2 in Figure 1 for a graphical representation of this model. According to Table 1, reliabilities for the self-efficacy scales tended to be lower than for the TPACK self-report scales, probably because most participants did not feel equally confident in all tasks. Compared to prior empirical results on these scales, reliability of the S.E. Basic scale is in the range reported in Fraillon et al. (2014), but lower than the reliabilities of the other two self-efficacy scales, although two items were added from van Deursen et al. (2014). An explanation is that most participants were quite confident in mastering these tasks, leading to a ceiling effect, and reducing variance in the items. Reliability of the S.E. Advanced scale is within the range reported by Fraillon et al. (2014). Regarding S.E. Pedagogical, the low reliability could be enhanced by adding further items, for example from the ICILS teacher questionnaire or similar self-efficacy scales for teachers (Scherer and Siddiq, 2015; Tzafilkou et al., 2021). In comparison to the TPACK self-report scales, the means of the resulting self-efficacy scales differed more, while standard deviations of the scales were lower. Particularly with regard to the advanced tasks, the participants were unsure whether they could manage them without additional effort. This may indicate that difficulty of these items resembles difficulty of tasks that serve as some kind of reference point during the answering process. Hopefully, due to the more specific item formulations, there is less room for interpretation of items (Podsakoff et al., 2003; Groves et al., 2009). As a consequence, response bias (Kalton and Schuman, 1982; Knowles and Nathan, 1997) and effects like the Dunning-Kruger effect (Dunning, 2011) could be mitigated.

A joint model of the two previously discussed three factor models addresses the third research question. According to Marsh et al. (2005) it shows an acceptable model fit. The correlation patterns of the nomological network in Figure 2 give insight into construct validity of the factors. In general, the correlations across instruments were in the range reported by Kul et al. (2019) and Abu Bakar et al. (2020). We found the highest correlations within self-efficacy style scales probably due to the common response scale and behavior-oriented phrases. Regarding the purely technological factors, the S.E. Advanced and the S.E. Basic scales also showed slightly higher correlations with the PS scale than with the TK scale. A possible explanation could be that the items contained in the PS scale are more behavior-oriented, and thus more similar to the S.E. items. On the other hand, the items of the TK scale are more attitude-oriented (see Appendix A for wording of the items). Within the TPACK self-report scales, correlations were considerably higher between the non-instructional factors. Surprisingly, correlations of these non-instructional factors with the instructional TPK factor were quite low, especially when compared to existing findings (e.g., Schmid et al., 2020). An explanation, similar to Valtonen et al. (2017), could be that participants are not aware of the possible impact of technological competencies on teaching with digital media. However, the TPK factor shows high correlations with the instructional self-efficacy scale, thus supporting its meaning. This is also in line with our hypothesis on the importance of content overlap for the correlational structure. Findings on the response format are mixed and confounded with behavior-oriented formulated items. In further research, content and response scales could be altered in a systematic manner in order to investigate the effects of each one. Additionally, including one or several more attitude related scales or scenario based assessments might yield further insights (Krauskopf and Forssell, 2018; Sailer et al., 2021).

Finally, the last model addressing the fourth research question on gender differences (see “Gender” and Figure 3) showed acceptable model fit according to Marsh et al. (2005). The results revealed significant gender differences on purely technological factors, with male pre-service teachers reporting higher values, except the factor comprising the simple tasks (S.E. Basic). This finding is in line with previous studies (Scherer and Siddiq, 2015; Scherer et al., 2017; Gebhardt, 2019). For example in the ICILS-study, there were no significant gender differences on the scale capturing basic ICT self-efficacy (Fraillon et al., 2014; Gebhardt, 2019). In contrast, Scherer and Siddiq (2015) did find gender differences favoring men when using tasks that were slightly more difficult. Thus, content of the tasks may be crucial when looking at gender differences. Looking at the data from the current study, it seems plausible that a ceiling effect also prevents gender differences on this scale.

For instructional factors, regression coefficients indicating gender differences were close to zero. These results are comparable to existing findings from both research traditions (Scherer and Siddiq, 2015; Scherer et al., 2017; Abu Bakar et al., 2020). As female pre-service teachers seem to be more comfortable using technology in an instructional context, this could be also a starting point for developing courses on technology use for this target group (for more suggestions for gender-sensitive ICT lessons, see the discussion of Tzafilkou et al., 2021). This is similar to the call by Mishra and Koehler (2006) to teach technology in a project style manner that automatically includes pedagogical and content-specific aspects.



Limitations and further research

A major restriction of the study is the small and specific sample with a high proportion of female participants, as only students from one university took part. In addition, participation was voluntary, which could also lead to a biased sample. A more diverse sample with pre-service teachers from several universities as well as in-service teachers might add variance to the answers and improve reliabilities as well as transferability of the results. Furthermore, data from teachers-in-training who have differentiated practical experience teaching with digital media could lead to a different structure. For larger samples, multi-group models and tests of measurement invariance between gender groups would have been possible, as well as more complex models. By using further scales or even performance tests, additional insights into the nomological network would be possible(see the multitrait-multimethod approach described in Campbell and Fiske, 1959). We started from two existing instruments guided by previous empirical findings. Starting from theoretical models (e.g., Ferrari, 2013; Punie and Redecker, 2017; Vuorikari et al., 2022) and adding or developing suitable scales could be an alternative to developing a framework that is both theoretically reasonable and empirically sound (see Rubach and Lazarides, 2019 for an example). Additionally to gender, predictors such as professional experience may affect the underlying network. As participants of the present study were still in university, it would be interesting to investigate how the nomological network develops during professional life and expertise development, for example in longitudinal studies (Valtonen et al., 2019).

Nevertheless, this study empirically compares instruments and bridges research traditions within digital competencies in schools and teacher education. This is a first step to a comprehensive empirical network of ICT-related constructs. Furthermore, in line with other studies, our findings suggest that different aspects might affect correlations between scales These comprise face content like behavior vs. attitude orientation (Scherer et al., 2018; Sailer et al., 2021) and concrete vs. generic tasks, but also item characteristics like difficulty (i.e., of the tasks) and the response scale used (DeCastellarnau, 2018). Beyond that, alignment and validity of measures are related topics relevant for scale construction. Concerning alignment, Rohatgi et al. (2016) and Gebhardt (2019) found moderate to high correlations in the ICILS study between self-reported self-efficacy for basic skills and test performances for students within gender groups in different samples. However, the correlation between self-efficacy for advanced tasks and the performance test was negative. Rohatgi et al. (2016) argue that this could be due to a missing alignment, as the performance test consisted of rather simple, everyday tasks. Alignment of the questionnaire may also become relevant when choosing a suitable instrument for research or evaluation purposes. By following the tradition of self-efficacy (Bandura, 2006), developing and using domain specific questionnaires fitting with the study’s purpose may enable to draw conclusions that are more specific and perhaps even allow gaining results that are closer to testing results, despite still showing the advantages of self-report measures like being economic and capturing motivational aspects. However, in a similar manner, as ICT will change in future, these scales should be updated to emerging technologies regularly. Another question would be whether more specific items and answer scales may circumvent problems with longitudinal use of these scales showing fluctuations in confidence rather than progress in skills and competencies across the course of studies (Mouza et al., 2017; Rienties et al., 2020; Weß et al., 2020).



Conclusion

Based on two sets of (1) non-subject-specific TPACK self-report items and (2) corresponding self-efficacy items on ICT use, we investigated factor structures, relationships within and between instruments, and gender differences on the resulting scales. For both lines of research, our results suggest that instructional and non-instructional facets should be distinguished, and propose possibilities, how non-instructional items can be subdivided into factors. As we found different possible subdivision of these items, a topic for further research is to investigate sensible distinctions of non-instructional items. To accomplish this, and in addition to theoretical considerations, our results revealed that both item content and item characteristics (e.g., item difficulties) are important aspects researchers should consider when constructing scales. Regarding planning studies or using evaluation instruments within the emerging field of assessing teachers’ digital competencies, task-oriented scales may be an alternative to rather general TPACK self-report scales. According to our results, task-oriented scales may require more items to achieve adequate reliabilitie, but might also be able to draw a more accurate picture of the participants as we observed a more pronounced answer behavior. Further correlations to corresponding general TPACK self-report scales were high. Thus, these scales may present an alternative to generic self-reports on ICT competencies that are tailored to specific interventions.
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