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Introduction: Digital health literacy (DHL) is a key competency for individuals’ daily decisions toward their health behavior and wellbeing. While there is much focus on health literacy (HL) among the general population, teachers have been rarely addressed. Given the shortages in the teaching workforce in Europe and the impact of demanding working conditions on their health, it is important to address DHL in teachers. This paper examines the DHL of primary and secondary teachers and its associations with sociodemographic and school-related factors.

Methods: An online cross-sectional study was conducted with 1,600 German primary and secondary school teachers between October and December 2022. To assess DHL, the Digital Health Literacy Instrument (DHLI) including seven subscales was used. Statistical analyses were conducted on item and subscale level and an overall DHL score was calculated. Next to descriptive analyses, bivariate and regression analyses were conducted to explore potential associations with sociodemographic and school-related factors.

Results: The frequency of difficulty in using digital health information varied across DHL dimensions and was greatest for protecting privacy (70.9%) and evaluating reliability (40.0%). In multivariate analysis, females more often reported a sufficient ability of adding content (OR = 1.61, CI = 1.05–2.48), while males more often reported a sufficient ability to protect their privacy (OR = 0.45, CI = 0.27–0.75). Teachers with leadership positions more often reported a sufficient ability in adding content (OR = 1.78, CI = 1.07–2.98). Regarding the ability to determine the relevance of online health-related information, no associations with a predictor variable were found.

Discussion: The results suggest that it is important to examine the individual dimensions of DHL and their distinct associations with sociodemographic and school-level factors, rather than just to rely on the overall level of DHL. The differential patterns identified in this study suggest a greater intervention need for teachers from higher age groups, primary and secondary general schools, and those without leadership roles. However, based on the limited predictive power of the variables included, further individual and school-level factors and their potential association with DHL should be investigated in the future. The promotion of DHL should be integrated into both teacher education and in-service training.
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1 Introduction

Modern societies and everyday realities are increasingly characterized by a growing diversity of media and information, including the various ways to access and navigate them. The consequences of this development became clear during the COVID-19 pandemic, when people had to use digital and online services more and more frequently. Among other things, the infodemic, an overabundance of reliable and incorrect, trustworthy, and untrustworthy information on the Internet, was just one of the many characteristics (1). Strengthening digital and general health literacy (HL) is seen as one of the pillars in the fight against the infodemic (2). Furthermore, digital health literacy (DHL) is a key competence for individuals to make informed everyday decisions to improve or maintain their health, well-being and thus quality of life (3–6). DHL refers to the ability to find health-related information from electronic resources and to deal with it appropriately, to promote and maintain health or handle health problems (7). In addition to the general HL core abilities of finding, understanding, assessing, and using information, DHL also includes the ability to communicate and handle information securely (i.e., data protection) (8, 9). Therefore, it is fitting for a more collaborative information environment, often called Health 2.0 (5), where interaction skills are required to communicate with healthcare providers, peers or wider audiences about health, engage with health-related content on social media or receive treatment and support over the internet. The improvement of general digital literacy is promoted in the EU through the Digital Competence Framework for Citizens (DigComp) to develop the population’s ability to deal with misinformation and disinformation, to interact with AI systems or emerging technologies and to work well in new contexts such as remote or hybrid work (10).

From a theoretical perspective, Sørensen et al. (11) and van der Vaart and Drossaert (5) proposed integrated conceptual models on general and digital HL suggesting that an increased ability in information management and applying technological skills contributes to healthier behaviors and better health outcomes. In addition, the conceptual models include personal and situational determinants to the above equation, such as income, education, age, sex, employment and physical environment and their resulting demands (5, 11). A relational concept of health literacy is assumed, in which individual-level factors and demands of the systems interact and determine health literacy (12). A recent representative study indicates that only 24.2% of the German adult population have a sufficient DHL (13) and that a limited DHL is associated with increasing age, low education levels, low socioeconomic status, as well as low functional literacy or financial resources (9, 13).

As research on DHL is relatively new, there are only limited study findings on the extent and socio-demographic differences, which often focus on specific population groups, e.g., university students (14–18). Therefore, in order to identify relevant socio-demographic factors, the much broader body of research on general HL must also be taken into account.

As a social determinant of health, the level of general and digital HL depends on the individual’s context (19), their access to education or to community opportunities, so that a person’s general and digital HL is determined by the factors of the systems with which they interact (20). A given digital infrastructure can either support or impede a person in coping with the complexity and demands of the digital space and schools are places where general and digital HL levels can be promoted (20). Moreover, DHL is considered a ‘super’ social determinant of health (21) as it has implications for other social determinants, such as how an individual uses the health care system offerings or accesses social assistance programs that are increasingly, sometimes exclusively, available online (21, 22), thus, influencing the level to which an individual can meaningfully participate in modern society (22). It can be assumed that a sufficient general and digital HL serves not only the individual but also those in the immediate social environment and society in general (12, 23, 24). Thus, as an individual with a sufficient level of HL it is possible to take responsibility for improving the health (literacy) of others (12), e.g., by changing learning conditions in the school setting (26).

So far, research on HL in the school setting focused mainly on pupils (8, 26, 27), while teachers have hardly been in focus (4, 28, 29). This is surprising, as many European countries - including Germany - experience a shortage of teachers (30, 31), which could be attributed to the fact that numerous studies have pointed to stressful working conditions (4, 32–34). These are risk factors for health such as burnout, somatic symptoms such as headaches, or cardiovascular diseases (32). Sufficient levels of DHL are thus an important determinant of teacher’s health (35). A teacher’s health can be regarded as an important resource for the overall school climate and quality of teaching (36–40) and their well-being correlates among other things with better student academic performance (8, 41, 42). Moreover, study findings indicate that teacher’s HL serves as a significant predictor of the level of implementation of health promotion activities in school (41, 43–46), the same can be assumed for DHL. To date, there have been no studies that have examined the DHL of teachers, there are, however, studies on general HL. In a study with 680 German school principals, almost 30% showed a limited HL, with most difficulties found in assessing the reliability of health information (4). In other studies, from Sri Lanka, Iran and Germany, the proportion of teachers with problematic and inadequate HL ranged from 32.5 to 50.6% (29, 46, 47).

The literature reports differences in general and digital HL by individual-level factors such as sex, age or migration background for teachers and the general population although the available study findings mainly relate to general HL (4, 29, 47–50) and are not homogeneous. Regarding the differences of teachers’ sex on the level of HL, previous research has shown that female teachers with and without leadership positions tend to have higher levels of HL than their male counterparts (4, 29, 48). Regarding age, two studies indicated that a lower age of teachers was associated with higher HL. In a sample of teachers from Sri Lanka (47) it was found that a lower age (45 years or less) was associated with higher levels of limited HL. By contrast, in another study with Turkish teachers, a higher proportion of respondents with adequate HL was observed for younger respondents (25 to 34 years) (48). This finding is also reflected in a systematic review and meta-analysis of DHL that found a negative association of increasing age on DHL levels among general adult populations (49). In contrast, a study among German school principals found no age differences (4). Regarding migration background, a German-wide population-based study found that people with an own migration background hardly differ from the population average without a migration background in terms of DHL, while respondents with a parental migration background had a higher DHL level than people without a migration background (11). In terms of school-related characteristics, existing studies did not report any difference for type of school (4, 50) or teacher’s position at school (4, 50). As previous empirical evidence is mainly limited to their general HL it is important to examine the level of DHL among teachers and determine whether and how it differs regarding sociodemographic or school-level factors. Drawing on the existing conceptual models mentioned above and the available findings from previous research, this paper addresses the following two research questions:

1. What is the state of digital health literacy among primary and secondary teachers?

2. What sociodemographic and school-related factors are associated with primary and secondary teachers’ digital health literacy?



2 Materials and methods


2.1 Study design

To examine the DHL of primary and secondary teachers in Germany, an online cross-sectional survey in all 16 German federal states was conducted from October to December 2022. Following an ethical approval by the ethics committee of Fulda University of Applied Sciences (reference number 3.1.9.2), eligible study participants were recruited via a communication campaign run by a German agency for educational communication through print and digital communication channels. Participation was voluntary and anonymity was ensured, informed consent was given before participation. Postal invitations and reminders 3 weeks after the initial invitation were sent to 5,000 teachers. Those teachers were randomly selected, stratified according to school type and federal state and contacted by the agency. Furthermore, an advertisement in a printed teachers’ magazine with a circulation of 80,000 copies served to disseminate the survey. It was also disseminated through online media such as eight teacher-specific newsletters, five social media channels, five online commercials and content ads on educational websites for teachers, each with a reach of between 6,000 and 28,600 recipients approximately. To increase the motivation to participate, incentives were awarded as 25 vouchers worth 100 euros each, which could be redeemed at any time at more than 500 shops. To prevent the collection of individual contact data, the raffle was conducted via the external German agency for educational communication.



2.2 Measures

Sex, age, and migration background were used as sociodemographic variables for the purpose of this study. Sex was operationalized using female, inter*/intergender, male as categories, while age was assessed as open information and subsequently categorized (<40, 40–49, 50–59, 60+). Migration background was calculated using the procedure of the Health Behavior in School-aged Children (HBSC) study: (50) one-sided (i.e., one parent of respondent(s) was not born in Germany), (1) two-sided (i.e., respondent/s themselves were not born in Germany and one parent was not born in Germany or both parents were not born in Germany), and (2) no migration background (51). School-level factors included the position of the teachers, i.e., teachers with or without a leadership function, and the type of school they worked at. Teachers with a leadership position means that they held the role of principal or were part of the school management team.

The Digital Health Literacy Instrument (DHLI) by van der Vaart and Drossaert (5) was used in this study, reflecting the complexity of Health 2.0 environments through differentiating seven DHL dimensions. Each dimension captures different facets of an individual’s ability to access (operational skills, navigation skills, information searching), process (evaluating reliability, determining relevance, protecting privacy), and communicate with or about digital health information (adding content). Following van der Vaart and Drossaert, the instruction was given, that if respondents do not post messages on social media or other channels, they could skip all items of the subscales adding content and protecting privacy (5). Each subscale includes three items that could be answered on a four-point scale (1 = very difficult to 4 = very easy or 4 = never to 1 = often). As previous studies revealed a low reliability for the subscale protecting privacy (4, 5), two items were added to this dimension, namely “Do you find it difficult to determine how the security of your private data is ensured by the media provider?” and “Do you find it difficult to determine who has access to your data?.” In this study the internal consistency (Cronbach α) of the six subscales ranged from acceptable to excellent (0.72 < α < 0.90). The extended protecting privacy subscale reached a good reliability (α = 0.82).



2.3 Statistical analyses


2.3.1 Calculating subscale scores

In a first step, a sum score was calculated for each subscale under the condition that all items were answered. This sum scores ranged from 5 to 20 for protecting privacy (5 items) and 3 to 12 for the other four subscales with three items, with higher values reflecting a higher DHL level. In a second step, the sum score was grouped into three categories according to previous research (8). Participants who predominantly rated all items as “very difficult” or “difficult” (inadequate ability in this dimension = 3 to 6 resp. 5 to 10), participants who predominantly rated the items as “very easy” or easy (sufficient ability in this dimension = 9 to 12 resp. 15 to 20) and those which fell between these two categories (problematic ability in this dimension = 7 to 8 resp. 11 to 14).



2.3.2 Calculating an overall score

Five of the seven subscales (operational skills, navigation skills, information searching, evaluating reliability, and determining relevance) were used to calculate an overall DHL sum score, that ranged from 5 to 15. Two scales (adding content and protecting privacy) were not included here because the proportion of missing values was high (60.5 and 29.0% of respondents, respectively) due to the instructions given. Based on previous work (8), in a second step the following cut-off values were then applied to categorize the range of 5 to 15: 5 to 7 = 1 (inadequate DHL), 8 to 12 = 2 (problematic DHL), and 9 to 15 = 3 (sufficient DHL).



2.3.3 Bivariate and multivariate analysis

Following a descriptive data analysis, we conducted bivariate analyses to test for significant differences between the three categories of DHL and sociodemographic and school-level factors, using cross tabulation with subsequent chi-square test (χ2). In cases with cell frequencies below 5 an exact Fisher test (FET) was performed. If no 2 × 2 cross-tabulation was given, the Monte Carlo simulation was performed. The strength of the association was determined using the Cramer index (Cramer V) and Phi Index (φ). According to Cohen (52), the strength of each association was interpreted as an effect size measure using the following conventions: ≥0.10 (small), ≥0.30 (medium), ≥0.50 (large).

In a final step, six binary logistic regressions analyses were performed to determine the associations of all explanatory variables (sex, age, migration background, position, and type of school) with the DHL subscales (navigation skills, information searching, evaluating reliability, adding content and protecting privacy) by odds ratio (OR) and its respective 95% confidence interval (95% CI). For this step, problematic and inadequate DHL were summarized in the category limited DHL. Operational skills was omitted from further analysis because responses were very homogeneous and indicated that the majority of respondents (99.3%) experienced no difficulties, which is why the variance across categories and predictors was low (see 3.2). According to the correlation matrix, multicollinearity was not a confounding factor in the analysis (r > 0.80) (53). Cases with student residuals of more than ±3 standard deviations were considered outliers (54), but none were found in all six regression models. To measure the goodness of fit of the six regression models we used the Hosmer-Lemeshow Test. For variance explanation we used Nagelkerkes R2, effects can be interpreted as follows: R2 > 0.20 small effect, R2 > 0.40 medium effect, R2 > 0.50 high effect (55). To determine the goodness of classification, we used the percentage of accuracy in classification (PAC) in the confusion matrix (see Table 1). Explanatory variables were included in the regression models based on existing empirical findings highlighted in the introduction (for sex, age, migration background, type of school) or based on the bivariate results (position). For all analyses, the significance level was set at p = 0.05. All calculations were performed using IBM SPSS Statistics 28 statistical software (IBM Corp., Armonk, NY, United States).



TABLE 1 Characteristics of regression models.
[image: Table1]





3 Results


3.1 Sample characteristics

After a data check for consistency and plausibility, the final sample consisted of 1,600 respondents. As shown in Table 2, 74.6% of participants reported being female, 25.4% were male, while one person who stated to be inter*/intergender was excluded from bivariate and multivariate analyses due to the small number of cases. In terms of age, participants in the 50–59 age group were most represented in the sample (36.0%), while older teachers (60+) with 11% made up the smallest proportion. Due to the small number of cases migration background was dichotomized into teachers with and without migration background. 88.3% of teachers indicated that they had no migration background. Almost half of the respondents worked in (vocational) grammar schools (47.8%), while only 3.3% reported intermediate schools as their place of work. In comparison with the total number of teachers in Germany, there are certain sociodemographic similarities to our sample. For example, in 2022 there were 73.6% female and 26.0% male teachers (this study 74.5% female, 25.4% male) in Germany (56). While those under 40 were underrepresented in this study by 11.0%, those aged 50–59 were overrepresented in this study by 10.2%. Teachers aged 40–49 and 60+ were similarly represented in the study and in the German teaching population at around 27.0% (57).



TABLE 2 Characteristics of study sample (n = 1,295–1,600).
[image: Table2]



3.2 Level of digital health literacy

While for 60.7% of teachers a sufficient level of DHL was observed, 37.9% showed a problematic and 1.3% an inadequate level of DHL. Table 3 shows the percentage of respondents who reported difficulties in each of the 23 DHL items (“difficult/very difficult” or “sometimes/often”). Reported difficulties ranged from 0.4% for one operational skills item (“do you find it difficult to use the mouse”) to 70.9% for one protecting privacy item (“do you find it difficult to determine who has access to your data”). This subscale also contained the second most difficult item, with 67.5% stating that they find it (very) difficult to assess how the security of their private data is ensured by the media provider. Thus, the highest average difficulty was found for the dimension protecting privacy with 47.0%, followed by evaluating reliability with 40.0% and determining relevance with 39.0%. Operational and navigation skills posed the least difficulties for respondents (0.53% and 16.2% respectively).



TABLE 3 Frequency of the response option “difficult/very difficult” of the individual items on digital health literacy (n = 487–1,600).
[image: Table3]



3.3 Sociodemographic and school-level differences of digital health literacy

Stratified by sociodemographic and school-level factors, the results of the bivariate analyses revealed significant differences for five of seven DHLI dimensions (see Table 4). Educators aged younger than 40 years most often reported sufficient navigation skills, while those aged 50–59 years were found to report the most difficulties (χ2(6) = 19.30, p < 0.01). Female respondents significantly more often reported a sufficient ability to search for information (FET = 8.79, p < 0.05) and to determine the relevance of health information retrieved (FET = 12.20, p < 0.01). Respondents with a two-sided migration background stated more frequently that they were able to protect their and others privacy sufficiently, compared to respondents without a migration background and respondents with a one-sided migration background (χ2(4) = 13.86, p < 0.01). Teachers with leadership position more often showed a sufficient ability to add content than respondents without leadership position (χ2(2) = 6.63, p < 0.05).



TABLE 4 Digital health literacy stratified by sociodemographic and school-related factors.
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3.4 Associations between sociodemographic, school-level factors and digital health literacy

Finally, to predict the likelihood of a limited DHL by sociodemographic and school-level characteristics, binary logistic regressions were calculated. Despite a lack of significance in the bivariate analyses and although there were no significant associations in previous studies, school type was added as a predictor in the regression analyses, as this is the first study on teachers’ DHL and interaction effects cannot be ruled out. For navigation skills the binary logistic regression model was significant, although the level of sensitivity and specificity indicate a limited explanatory power (see Table 1). All other models were not significant and can only explain a small amount of the variation of the dependent variable by the explanatory variable, but all had appropriate model quality as indicated by the Hosmer-Lemeshow-Test (see Table 1).

The results of the binary logistic regressions indicate that determining relevance is not associated with any of the predictor variables (see Table 5). Two significant associations between sociodemographic factors and DHL were found: Being in the 40–49, 50–59 and 60+ age group was associated with an increased likelihood of limited navigation skills (OR = 1.60, p < 0.01), (OR = 2.17, p < 0.01) and (OR = 1.79, p < 0.05), respectively. Male sex was found to be associated with an increased likelihood of a limited ability of adding content (OR = 1.16, p < 0.05) and a lower likelihood of having a limited ability to protect one’s own and other’s data (OR = 0.45, p < 0.01). Moreover, associations with both school-level factors were found: First, being a teacher without a leadership position was associated with an increased likelihood of a limited ability of adding content (OR = 1.78, p < 0.05). Second, a decreased likelihood of a limited ability to evaluate reliability of health-related information was observed for teachers from intermediate schools (OR = 0.58, p < 0.05), (vocational) grammar schools (OR = 0.58, p < 0.05), integrated comprehensive schools (OR = 0.58, p < 0.05), and schools with multiple educational programs (OR = 0.60, p < 0.05). Furthermore, teachers from schools with multiple educational programs had a significantly lower likelihood of a limited ability of information searching (OR = 0.57, p < 0.05).



TABLE 5 Binary logistic regression analysis for limited DHL skills.
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4 Discussion

To our knowledge, this is the first study examining DHL of schoolteachers. Regarding the first research question, our results show a limited DHL for 38.0% of the teachers from this study. While teachers reported fewer difficulties in DHL compared to the German general population (24.0%) difficulties are higher than those reported in a study on HL of school principals (29.0%), and in between other studies on HL of teachers (32.5–50.0%) (44, 45). At the subscale level, teachers rated the items from operational skills and navigation skills easiest, with only 0.4 to 14.3% reporting difficulties in these areas (see Table 3). This result complements previous findings using the DHLI among the general German population (58). The items rated most difficult by teachers in this study were those from the protecting privacy subscale, exceeding 50.0% for three of five items. This may indicate limited capabilities of the respondents, but it may also be a symptom of our modern complex media environment, and an information diversity that can be difficult to navigate (4). For example, while in a web-based study on data protection among the German population, around 64.0% of respondents felt able to maintain control over their “digital self,” equally almost 54.0% believed that they could not protect themselves from data misuse anyway if it happened (59).

Of the six binary regression models, only navigation skills showed significant associations with a sociodemographic factor, all other models were not significant. All had appropriate model quality as indicated by the Hosmer-Lemeshow-Test, while the level of sensitivity and specificity for three models (navigation skills, information searching, adding content) might indicate a limited explanatory power (see Table 1). In this regard, further individual and school-level factors and their potential association with DHL should be investigated in the future.

In our study, although not significant, male teachers displayed a higher ability in protecting privacy. It should be noted that in the before mentioned meta-analysis of Estrela et al. (49) the results indicated that sex does not appear to be a significant determinant of DHL. However, one reason for the sex-specific differences with protecting privacy in this context could also be that female teachers are more cautious about disclosing their data, while male respondents see their ability to do so as better, i.e., less problematic (60, 61). Whether this was the case in this study could not be investigated further, but in other studies there was a tendency for women to have higher concerns in relation to protecting privacy than men (62), also when using e-health services (63). Although the model was not significant, female teachers displayed a higher ability in adding content, which may be because women still tend to be more engaged with “health promotion, prevention and health-care measures” (4, 46) for themselves and others (38, 64). Through these interactions, they may have more reasons to judge their ability or difficulties with adding content related to health. Regarding the established associations with age (50), this study also found that higher age is associated with limited DHL in the dimension of navigation skills. Except for teachers under 40, all age groups were most likely to have limited navigation skills. This result may be complemented by research on general digital literacy of teachers, where a trend toward younger teachers possessing better technical skills tends to emerge (65–68). The higher competence of teachers under 40 could therefore be due to the fact that they are used to navigating on and between digital platforms and devices, as some of them could be considered digital natives.

In one of the other non-significant models, it was found that teachers who are not in a leadership role tend to be less able to write, post and share information (adding content) on health on digital platforms, in messengers or emails. In the context of the pandemic, school leaders had to deal more often with health-related information to manage the school during the pandemic on a day-to-day basis (45, 69). Thus, teachers with leadership roles may have had more opportunities to either train or judge their ability. Another result was that teachers from different types of schools tend to have varying degrees of difficulties regarding various aspects of DHL. This could, among other things, be associated with the different subject levels and scopes of the qualification phase of the respective school type or the respective school (media)concept, which therefore require different competence levels (e.g., digital literacy) of the teachers. Here teachers from primary schools and secondary general schools tend to report more difficulties with evaluating reliability than teachers from intermediate schools, (vocational) grammar schools, integrated comprehensive school, and schools with multiple courses of education. As findings in adults indicate a high proportion of limited DHL (13), an early promotion of DHL in primary schools would be important (4). Based on the Digital Competence Framework for Citizens (DigComp) of the EU the German federal states have committed themselves that beginning with the school year 2018/2019 all children enrolled in primary school (or secondary level I) will receive media competency training till the end of their school time (69); while emphasizing the necessity of promoting these abilities from the start of primary school (70). The German primary school association (Grundschulverband e.V.) pointed out that there are still open questions about how these models can be implemented in primary school (e.g., into the curricula), even if there are already ideas for implementation in the classroom (70). Thus, for primary schools the teachers might be less likely to possess sufficient ability in evaluating reliability, as they are not confronted with teaching this dimension in their day-to-day life as a teacher. Another finding from this study was that teachers from schools with multiple educational programs had a higher tendency for a sufficient ability in information searching. As most previous studies on HL differ only between primary and secondary schools, these type of school differences should be further examined. Given that individuals with different HL needs require different strategies for “engagement, education, and service delivery” (71), the question nevertheless arises as to whether it would be helpful to provide, for example, school-form-specific DHL training for teachers to best support them and their pupils with their DHL dimensions.



5 Strengths and limitations

Strengths of the study are the large sample, that both primary and secondary teachers are included, and that teachers were widely recruited, via online and postal invitations. One innovation that this article brings to DHL research is the expansion of the item pool of the protecting privacy subscale, which increased the Cronbach’s alpha from α = 0.57 to α = 0.82. This may help further research in incorporating and expanding our knowledge of teachers’ and the general populations’ ability to protect their and other’s privacy and data. The following limitations of the study should be considered when interpreting the results. When comparing the results with those of other studies, it should be borne in mind that the state of research is very limited and that the (that the few studies) few studies come from countries with different education systems. In the future, more studies are needed, especially from Europe. Second, we agree with van der Vaart and Drossaert that a web-based questionnaire has a potential bias, as it is more likely to reach teachers who use the Internet or digital devices more often (5). Furthermore, the DHLI is a self-assessment, the results could be influenced by social desirability, although there are suggestions that these effects rather take place during interviews (72). Third, a non-representative sample of teachers from Germany was used, thus, the results cannot be generalized. However, as highlighted earlier, certain similarities were found in this study, such as the percentage of women participating compared to the total number of teachers in Germany, or the 40–49 and 60+ age groups being similarly represented. Nevertheless, as there was little differentiation possible in the lower age groups, future studies should focus on recruiting younger participants, i.e., student or trainee teachers. A fourth limitation lies within the cross-sectional design, through which no statements about causality of the associations are possible. Fifth, cell frequencies in some variables turned out to be small in some cases, which is why the FET or Monte Carlo simulations were used. In future studies sufficient sample sizes should be realized in order to examine differences, e.g., with regard to the type of school. Consequently, a meaningful next step should be a representative study of German teachers to assess their DHL. Sixth, the examined predictors may not adequately explain differences, as only one binary regression model showed significance and as indicated by the sensitivity and specificity levels of navigation skills, information searching and adding content and the low R2 values of all models. Finally, besides its benefits, it has been argued that binary regression analyses can lead to loss of information and to underestimation of the extent of outcome variation between groups (73). Linear regression analyses with continuous variables could help to verify results, which, however, require continuous data.



6 Further research

Given our findings, a closer examination of age differences, with a particular focus on younger teachers as digital natives, may be of interest. Building on the relational nature of HL, the relevance of other individual and school-contextual factors could be examined both quantitatively and qualitatively. Examples of contextual factors and their association with a teacher’s DHL are the overall school culture, (innovation)climate, and support from school leadership, the availability and use of information and communication technologies (ICT) in the school, and the general attitude and level of integration of DHL within a school. Examples of socio-demographic factors that could be investigated are household composition, such as marital status and the number of children under care, or engagement in caregiving for others (49). It can be assumed that teachers who are in a relationship or have a care responsibility engage in surrogate health information seeking (74), its potential influence on a person’s DHL level could be further investigated. Another aspect that could be investigated are the associations between DHL and indicators of (mental) health, which have already been proven for general HL (4). If such associations are found, strong arguments could be made for the need for interventions to promote DHL, which in turn would have to be evaluated for their effectiveness on (mental) health outcomes.

The number of responses for items related to writing and sharing health-related digital messages, (subscales adding content and protecting privacy), decreased to as low as 30%. This suggests a need for further research to find out if teachers do experience the need to enhance their skills in writing, posting, and sharing health-related messages online. It could be explored whether this decrease in responses is related to the phrases used here “messages around the topic of health,” whether teachers did not find themselves in the item framing. A qualitative approach might be specifically useful in assessing these research questions.

Another question is whether the level of difficulty for protecting privacy would have been so high if two items in the scale had not asked about the unintentional and intentional disclosure of private data of oneself or others together. After all, it is possible that in some situations people deliberately disclose their information online without there being a direct security risk. A further need for research would therefore arise around the potential necessity to reframe items as separating the intentionally and unintentionally in items as “do you (intentionally or unintentionally) share your own private information (e.g., name or address)?” In order to contribute to HL theory building, future studies should examine the relationship between DHL and general HL to determine whether they are distinct, related, or similar concepts. Such insights may support the development of more precise concepts and models, and facilitate theory-informed, more sensitive measurement instruments.



6 Conclusion

Considering the findings in general, but also regarding the reported difficulties in protecting privacy, determining reliability, and evaluating reliability, there is a need for action to promote DHL among teachers. The necessity for this arises due to the stressful working conditions and their implications for the physical and mental health of teachers (4, 32–34). Moreover, the well-being of teachers correlates with improved academic performance of students (8, 36, 37), thereby influencing educational opportunities. This underscores another aspect of the importance of DHL-promotion of teachers. Furthermore, there is a need, as it can be assumed that teachers trained in general and digital HL can be multipliers for the implementation of health (literacy) promotion measures at their schools (38, 44–46). If these measures focus on general and digital HL promotion, they have the potential to empower children to take responsibility over their health (38). The promotion of DHL should be integrated into teacher training, as well as be promoted through the provision of further training courses on DHL for teachers (75). For the German context, DHL can be integrated into teacher training not as an extra, but as a topic-specific implementation of the media competency framework of the German federal states (69).

Our findings suggest that when promoting DHL in teachers some DHL dimensions might be more important and hence should be the focus of intervention efforts (protecting privacy, evaluating reliability, determining relevance); as this is where the greatest difficulties were reported at individual item level (see Table 3). With a few exceptions, the results suggest that all teachers can benefit equally from the promotion of DHL, as there were hardly any differences in the analyses. Nevertheless, it can be concluded that there is an increased need to promote navigation skills seen among all teachers over 40, who were more likely to have limited DHL.

In addition to the individual’s DHL, the information systems themselves should also be the subject of rethinking and change. As teachers’ DHL is related to the infrastructure that supports them in dealing with the complexity and demands of the digital space (20). Information providers should be urged to create information environments and offerings that transparently enable a high level of security in handling private data and provide reliable health-related information.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by Fulda University of Applied Sciences. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

PR: Conceptualization, Data curation, Formal analysis, Methodology, Writing – original draft, Writing – review & editing. AH: Conceptualization, Data curation, Methodology, Writing – review & editing. LF: Conceptualization, Methodology, Writing – review & editing. LS: Methodology, Writing – review & editing. DR: Methodology, Writing – review & editing. OO: Conceptualization, Methodology, Supervision, Writing – review & editing. KD: Conceptualization, Funding acquisition, Methodology, Project administration, Supervision, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. The study was funded by the statutory health insurance BARMER. The funding body did not play a role in the study design and the data collection, analysis, interpretation of data, decision to publish or preparation of this manuscript.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Zarocostas, J. How to fight an infodemic. Lancet. (2020) 395:676. doi: 10.1016/S0140-6736(20)30461-X 

 2. Eysenbach, G. How to fight an Infodemic: the four pillars of Infodemic management. J Med Internet Res. (2020) 22:e21820. doi: 10.2196/21820 

 3. Bittlingmayer, UH, Dadaczynski, K, Sahrai, D, van den Broucke, S, and Okan, O. Digitale Gesundheitskompetenz – Konzeptionelle Verortung, Erfassung und Förderung mit Fokus auf Kinder und Jugendliche. Bundesgesundheitsbl. (2020) 63:176–84. doi: 10.1007/s00103-019-03087-6 

 4. Dadaczynski, K, Kotarski, C, Rathmann, K, and Okan, O. Health literacy and mental health of school principals. Results from a German cross-sectional survey. HE. (2022) 122:350–63. doi: 10.1108/HE-10-2020-0094

 5. van der Vaart, R, and Drossaert, C. Development of the digital health literacy instrument: measuring a broad Spectrum of health 1.0 and health 2.0 skills. J Med Internet Res. (2017) 19:e27. doi: 10.2196/jmir.6709 

 6. Norman, CD, and Skinner, HA. eHealth literacy: essential skills for consumer health in a networked world. J Med Internet Res. (2006) 8:e9. doi: 10.2196/jmir.8.2.e9 

 7. World Health Organization. The ongoing journey to commitment and transformation: Digital health in the WHO European region, 2023. Copenhagen: WHO Regional Office for Europe (2023).

 8. Dadaczynski, K, Rathmann, K, Schricker, J, Bilz, L, Sudeck, G, Fischer, SM , et al. Digitale Gesundheitskompetenz von Schülerinnen und Schülern. Ausprägung und Assoziationen mit dem Bewegungs-und Ernährungsverhalten. Bundesgesundheitsbl. (2022) 65:784–94. doi: 10.1007/s00103-022-03548-5 

 9. Schaeffer, D, Berens, E-M, Gille, S, Griese, L, Klinger, J, De, SS , et al. Gesundheitskompetenz der Bevölkerung in Deutschland vor und während der Corona Pandemie: Ergebnisse des HLS-GER. Bielefeld, Universität Bielefeld, Interdisziplinäres Zentrum für Gesundheitskompetenzforschung. (2021) 2. doi: 10.4119/UNIBI/2950305

 10. European Commission. Digital Competences Framework (DigComp 2.2.) update published. (2022). Available at: https://ec.europa.eu/social/main.jsp?catId=89&furtherNews=yes&newsId=10193&langId=en [Accessed November, 2023].

 11. Sørensen, K, van den Broucke, S, Fullam, J, Doyle, G, Pelikan, J, Slonska, Z , et al. Health literacy and public health: a systematic review and integration of definitions and models. BMC Public Health. (2012) 12:80. doi: 10.1186/1471-2458-12-80 

 12. Parker, R. Ratzan, S C health literacy: a second decade of distinction for Americans. J Health Commun. (2023) 15:20–33. doi: 10.1080/10810730.2010.501094 

 13. Schaeffer, D, Gille, S, Berens, E-M, Griese, L, Klinger, J, Vogt, D , et al. Digitale Gesundheitskompetenz der Bevölkerung in Deutschland: Ergebnisse des HLS-GER 2. Gesundheitswesen. (2023) 85:323–31. doi: 10.1055/a-1670-7636 

 14. Htay, MNN, Parial, LL, Tolabing, MC, Dadaczynski, K, Okan, O, Leung, AYM , et al. Digital health literacy, online information-seeking behaviour, and satisfaction of Covid-19 information among the university students of east and South-East Asia. PLoS One. (2022) 17:e0266276. doi: 10.1371/journal.pone.0266276 

 15. Rivadeneira, MF, Salvador, C, Araujo, L, Caicedo-Gallardo, JD, Cóndor, J, Torres-Castillo, AL , et al. Digital health literacy and subjective wellbeing in the context of COVID-19: a cross-sectional study among university students in Ecuador. Front. Public Health. (2023) 10:1052423. doi: 10.3389/fpubh.2022.1052423 

 16. Dadaczynski, K, Messer, M, Rathmann, K, and Okan, O. Digitale Gesundheitskompetenz von Studierenden während der COVID-19 Pandemie. Befunde zur Ausprägung und Assoziationen mit Informationszufriedenheit und psychischer Gesundheit In: K Rathmann, K Dadaczynski, O Okan, and M Messer, editors. Gesundheitskompetenz. Berlin, Heidelberg: Springer Berlin Heidelberg (2023). 427–37.

 17. Lorini, C, Cavallo, G, Vettori, V, Buscemi, P, Ciardi, G, Zanobini, P , et al. Predictors of well-being, future anxiety, and multiple recurrent health complaints among university students during the COVID-19 pandemic: the role of socioeconomic determinants, sense of coherence, and digital health literacy. An Italian cross-sectional study. Front Public Health. (2023) 11:1210327. doi: 10.3389/fpubh.2023.1210327 

 18. Sakellari, E, Okan, O, Dadaczynski, K, Koutentakis, K, and Lagiou, A. Digital health literacy and information-seeking on the internet in relation to COVID-19 among university students in Greece. Computer Methods and Programs in Biomed Update. (2024) 5:100139. doi: 10.1016/j.cmpbup.2024.100139

 19. Kealy-Ashby, C, Peralta, L, and Marvell, C. Preservice teachers’ health literacy levels and perceptions of teaching capabilities: an Australian case study. CSHPE. (2023) 14:1–18. doi: 10.1080/25742981.2023.2271469

 20. Parker, R. Measuring health literacy: What? So what? Now what? Institute of Medicine (US) roundtable on health literacy. Washington: National Academies Press (US) (2009).

 21. van Kessel, R, Wong, BLH, Clemens, T, and Brand, H. Digital health literacy as a super determinant of health: more than simply the sum of its parts. Internet Interv. (2022) 27:100500. doi: 10.1016/j.invent.2022.100500 

 22. Sieck, CJ, Sheon, A, Ancker, JS, Castek, J, Callahan, B, and Siefer, A. Digital inclusion as a social determinant of health. NPJ Digit Med. (2021) 4:52. doi: 10.1038/s41746-021-00413-8 

 23. Robin, D, Messerle, N, Mehdiyeva, R, Albermann, K, and Dratva, J. (2021). Psychische Gesundheitskompetenz von Lehr-und Betreuungspersonen: eine Befragung von Lehr-und Betreuungspersonen im Hinblick auf psychische Belastungen, Störungen und Erkrankungen von Schülerinnen und Schülern in Winterthur. Available at: https://digitalcollection.zhaw.ch/handle/11475/23295 [Accessed March 18, 2024].

 24. Nutbeam, D, and Lloyd, JE. Understanding and responding to health literacy as a social determinant of health. Annu Rev Public Health. (2021) 42:159–73. doi: 10.1146/annurev-publhealth-090419-102529

 25. Okan, O, Pinheiro, P, Zamora, P, and Bauer, U. Health Literacy bei Kindern und Jugendlichen: Ein Überblick über den aktuellen Forschungsstand. Bundesgesundheitsbl. (2015) 58:930–41. doi: 10.1007/s00103-015-2199-1 

 26. Paakkari, L. Three approaches to school health education as a means to higher levels of health literacy In: V Simovska, editor. Schools for health and sustainability: Theory, research and practice. Dordrecht: Springer (2015). 275–89.

 27. Paakkari, L, Torppa, M, Mazur, J, Boberova, Z, Sudeck, G, Kalman, M , et al. A comparative study on Adolescents' health literacy in Europe: findings from the HBSC study. Int J Environ Res Public Health. (2020) 17:3543. doi: 10.3390/ijerph17103543

 28. Velardo, S, and Drummond, M. Teacher health literacy: the importance of multiple healthy role models within the school environment. (2015). Paper presented at 29th ACHPER International Conference.

 29. Ahmadi, F, and Montazeri, A. Health literacy of pre-service teachers from Farhangian university: a cross-sectional survey. Int J School Health. (2019) 2:e2028. doi: 10.5812/intjsh.82028

 30. Kultusministerkonferenz, KMK. KMK verabredet weitere Maßnahmen als Reaktion auf den Lehrkräftebedarf. (2023) Available at: https://www.kmk.org/aktuelles/artikelansicht/kmk-verabredet-weitere-massnahmen-als-reaktion-auf-den-lehrkraeftebedarf.html [Accessed October 31, 2023].

 31. Robert Bosch Stiftung. Das Deutsche Schulbarometer: Aktuelle Herausforderungen aus Sicht von Schulleitungen. Ergebnisse einer Befragung von Schulleitungen allgemein und berufsbildender Schulen. Stuttgart: Robert Bosch Stiftung (2023).

 32. Madigan, DJ, Kim, LE, Glandorf, HL, and Kavanagh, O. Teacher burnout and physical health: a systematic review. Int J Educ Res. (2023) 119:102173. doi: 10.1016/j.ijer.2023.102173

 33. Scheuch, K, Haufe, E, and Seibt, R. Teachers' health. Dtsch Arztebl Int. (2015) 112:347–56. doi: 10.3238/arztebl.2015.0347 

 34. Schumacher, L, Nieskens, B, Sieland, BDAK-G, and NRW, U. Handbuch Lehrergesundheit–Impulse für die Entwicklung guter gesunder Schulen. Köln: Carl Link (2012).

 35. Okan, O, Paakkari, L, Aagaard-Hansen, J, Barnekow, V, Weber, M, and Sorensen, K. WHO concept paper on health literacy in the context of health, well-being, and learning outcomes: The case of children and adolescents in schools: Concept paper. Copenhagen: WHO Regional Office for Europe (2021).

 36. Dadaczynski, K. Gesundheitskompetenz von schulischen Leitungskräften. Perspektiven einer vernachlässigten Berufsgruppe In: K Rathmann, K Dadaczynski, O Okan, and M Messer, editors. Gesundheitskompetenz. Berlin, Heidelberg: Springer (2020). 1–10.

 37. Schulenkorf, T, Krah, V, Dadaczynski, K, and Okan, O. Addressing health literacy in schools in Germany: concept analysis of the mandatory digital and media literacy school curriculum. Front Public Health. (2021) 9:687389. doi: 10.3389/fpubh.2021.687389 

 38. Okan, O, Bollweg, TM, Berens, E-M, Hurrelmann, K, Bauer, U, and Schaeffer, D. Coronavirus-related health literacy: a cross-sectional study in adults during the COVID-19 Infodemic in Germany. Int J Environ Res Public Health. (2020) 17:1210327. doi: 10.3390/ijerph17155503 

 39. Klusmann, U, Kunter, M, Trautwein, U, Lüdtke, O, and Baumert, J. Teachers’ occupational well-being and quality of instruction: the important role of self-regulatory patterns. J Educ Psychol. (2008) 100:702–15. doi: 10.1037/0022-0663.100.3.702

 40. Voss, T, Klusmann, U, Bönke, N, Richter, D, and Kunter, M. Teachers’ emotional exhaustion and teaching enthusiasm before versus during the COVID-19 pandemic: results from a long-term longitudinal study. Z Psychol. (2023) 231:103–14. doi: 10.1027/2151-2604/a000520

 41. McCallum, F. Teacher and staff wellbeing: understanding the experiences of school staff In: ML Kern and ML Wehmeyer, editors. The Palgrave handbook of positive education. Cham: Springer international publishing (2021). 715–40.

 42. Dadaczynski, K, Paulus, P, Nieskens, B, and Hundeloh, H. Gesundheit im Kontext von Bildung und Erziehung–Entwicklung, Umsetzung und Herausforderungen der schulischen Gesundheitsförderung in Deutschland. Z f Bildungsforsch. (2015) 5:197–218. doi: 10.1007/s35834-015-0122-3

 43. Peterson, FL, Cooper, RJ, and Laird, JM. Enhancing teacher health literacy in school health promotion: a vision for the new millennium. J Sch Health. (2001) 71:138–44. doi: 10.1111/j.1746-1561.2001.tb01311.x 

 44. Betschart, S, Sandmeier, A, Skedsmo, G, Hascher, T, Okan, O, and Dadaczynski, K. The importance of school Leaders' attitudes and health literacy to the implementation of a health-promoting schools approach. Int J Environ Res Public Health. (2022) 19:14828. doi: 10.3390/ijerph192214829 

 45. Dadaczynski, K, Rathmann, K, Hering, T, and Okan, O. The role of school Leaders' health literacy for the implementation of health promoting schools. Int J Environ Res Public Health. (2020) 17:1855. doi: 10.3390/ijerph17061855 

 46. de Buhr, E, Ewers, M, and Tannen, A. Potentials of school nursing for strengthening the health literacy of children, parents and teachers. Int J Environ Res Public Health. (2020) 17:2577. doi: 10.3390/ijerph17072577 

 47. Denuwara, HMBH, and Gunawardena, NS. Level of health literacy and factors associated with it among school teachers in an education zone in Colombo, Sri Lanka. BMC Public Health. (2017) 17:631. doi: 10.1186/s12889-017-4543-x 

 48. Yilmazel, G, and Cetinkaya, F. Health literacy among schoolteachers in Çorum. Turkey East Mediterr Health J. (2015) 21:598–605. doi: 10.26719/2015.21.8.598 

 49. Estrela, M, Semedo, G, Roque, F, Ferreira, PL, and Herdeiro, MT. Sociodemographic determinants of digital health literacy: a systematic review and meta-analysis. Int J Med Inform. (2023) 177:105124. doi: 10.1016/j.ijmedinf.2023.105124 

 50. Hartmann, A, Rückmann, J, and Tannen, A. Individuelle Gesundheitskompetenz von Lehrkräften und deren (Un)Sicherheit im Umgang mit chronisch erkrankten Schulkindern und Notfallsituationen. Bundesgesundheitsbl Gesundheitsforsch Gesundheitsschutz. (2020) 63:1168–76. doi: 10.1007/s00103-020-03207-7 

 51. Moor, I, Winter, K, Bilz, L, Bucksch, J, Finne, E, John, N , et al. Die Health Behaviour in School-aged Children (HBSC)-Studie 2017/18 – Methodik der Kinder-und Jugendgesundheitsstudie der Weltgesundheitsorganisation. J Health Monit. (2020) 5:93–108. doi: 10.25646/6896

 52. Cohen, J. Statistical power analysis for the behavioral sciences. Hoboken, NJ: Taylor and Francis (2013).

 53. Dattalo, P. Analysis of multiple dependent variables. New York: Oxford University Press (2013). 14 p.

 54. Pardoe, I. Applied regression modeling: A business approach. US: Wiley (2012). 166 p.

 55. Backhaus, K, Erichson, B, Plinke, W, and Weiber, R. Multivariate Analysemethoden: Eine anwendungsorientierte Einführung. 11th ed. Berlin: Springer (2006).

 56. Statistisches Bundesamt. Anzahl der Lehrkräfte an allgemeinbildenden Schulen in Deutschland nach Geschlecht im Schuljahr 2021/2022 (2024). Available at: https://de.statista.com/statistik/daten/studie/1285371/umfrage/lehrkraefte-in-deutschland-nach-geschlecht/ [Accessed October 31, 2023].

 57. Statistisches Bundesamt. Verteilung der Lehrkräfte an allgemeinbildenden Schulen in Deutschland im Schuljahr 2021/2022 nach Altersgruppen. (2024) Available at: https://de.statista.com/statistik/daten/studie/1129882/umfrage/verteilung-der-lehrerinnen-in-deutschland-nach-altersgruppen/ [Accessed October 31, 2023].

 58. Kolpatzik, K, Mohrmann, M, and Zeeb, H. Digitale Gesundheitskompetenz in Deutschland. Berlin: KomPart (2020).

 59. DsiN-Sicherheitsindex. Studie von Deutschland sicher im Netz e. V. zur digitalen Sicherheitslage von Verbraucher:innen in Deutschland (2022). Available at: https://www.sicher-im-netz.de/file/13898/download?token=xQQauU9G.

 60. McGill, T, and Thompson, N. Exploring potential gender differences in information security and privacy. ICS. (2021) 29:850–65. doi: 10.1108/ICS-07-2020-0125

 61. Sørum, H, Eg, R, and Presthus, W. A gender perspective on GDPR and information privacy. Procedia Comput Sci. (2022) 196:175–82. doi: 10.1016/j.procs.2021.12.003

 62. Tifferet, S. Gender differences in privacy tendencies on social network sites: a meta-analysis. Comput Hum Behav. (2019) 93:1–12. doi: 10.1016/j.chb.2018.11.046

 63. Rowan, M, and Dehlinger, J. Observed gender differences in privacy concerns and behaviors of Mobile device end users. Procedia Comput Sci. (2014) 37:340–7. doi: 10.1016/j.procs.2014.08.050

 64. Lee, HY, Lee, J, and Kim, NK. Gender differences in health literacy among Korean adults: do women have a higher level of health literacy than men? Am J Mens Health. (2015) 9:370–9. doi: 10.1177/1557988314545485 

 65. Jiménez-Hernández, D, González-Calatayud, V, Torres-Soto, A, Martínez Mayoral, A, and Morales, J. Digital competence of future secondary school teachers: differences according to gender, age, and branch of knowledge. Sustain For. (2021) 12:9473. doi: 10.3390/su12229473

 66. Cabezas-González, M, Casillas-Martín, S, and García-Peñalvo, FJ. The digital competence of pre-service educators: the influence of personal variables. Sustain For. (2021) 13:2318. doi: 10.3390/su13042318

 67. Kaarakainen, M-T, and Saikkonen, L. Multilevel analysis of the educational use of technology: quantity and versatility of digital technology usage in Finnish basic education schools. J Comput Assist Learn. (2021) 37:953–65. doi: 10.1111/jcal.12534

 68. Lucas, M, Bem-Haja, P, Siddiq, F, Moreira, A, and Redecker, C. The relation between in-service teachers' digital competence and personal and contextual factors: what matters most? Comput Sci Educ. (2021) 160:104052. doi: 10.1016/j.compedu.2020.104052

 69. Kultusministerkonferenz, KMK. Bildung in der digitalen Welt Strategie der Kultusministerkonferenz. Available at: https://www.kmk.org/fileadmin/Dateien/pdf/PresseUndAktuelles/2018/Digitalstrategie_2017_mit_Weiterbildung.pdf (2017). [Accessed October 31, 2023].

 70. Schmeinck, D, Irion, T, and Peschel, M. Digitalisierung zur Digitalität In: T Irion, M Peschel, and D Schmeinck, editors. Grundschule und Digitalität. Grundlagen, Herausforderungen, Praxisbeispiele. (2023) Frankfurt am Main: Der Vorstand des Grundschulverbandes e. V

 71. Batterham, RW, Hawkins, M, Collins, PA, Buchbinder, R, and Osborne, RH. Health literacy: applying current concepts to improve health services and reduce health inequalities. Public Health. (2016) 132:3–12. doi: 10.1016/j.puhe.2016.01.001

 72. Bowling, A. Mode of questionnaire administration can have serious effects on data quality. J Public Health. (2005) 27:281–91. doi: 10.1093/pubmed/fdi031 

 73. Altman, DG, and Royston, P. The cost of dichotomising continuous variables. BMJ. (2006) 332:1080. doi: 10.1136/bmj.332.7549.1080 

 74. Reifegerste, D, Bachl, M, and Baumann, E. Surrogate health information seeking in Europe: influence of source type and social network variables. Int J Med Inform. (2017) 103:7–14. doi: 10.1016/j.ijmedinf.2017.04.006 

 75. Sørensen, K, and Okan, O. Health literacy. (2020) Health Literacy of children and adolescents in school settings. Available at: https://pub.uni-bielefeld.de/record/2942282 [Accessed March 28,2024].


Copyright
 © 2024 Rangnow, Fischer, Hartmann, Renninger, Stauch, Okan and Dadaczynski. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpubh-12-1334263-t005.jpg
Limited NAV Limited IS Limited AC Limited ER Limited DR Limited PP

OR (95%-Cl)  OR (95%-Cl) OR (95%CI) OR (95%-Cl)  OR(95%-Cl)  OR (95%-Cl)

Sex
Female (Ref.) 1.00 1.00 1.00 1.00 1.00 1.00
Male 0.87 (0.61-1.25) 1.27 (0.96-1.68) 161 (1.05-2.47)* 0.96 (0.73-1.25) 1.21 (0.93-1.59) 0.46(0.28-0.77)**
Age
<40 (Ref) 100 100 100 100 100 100
40-49 1.60 (1.04-2.50)* 099 (0.71-1.37) 0.78 (0.47-1.30) 1.03 (0.76-1.40) 0.92 (0.69-1.25) 0.65 (0.37-1.15)
50-59 2.32(1.60-3.44)** 1.21 (0.90-1.65) 0.80 (0.50-1.29) 1.19 (0.88-1.58) 0.88 (0.67-1.19) 1.14 (0.65-2.00)
60+ 1.90 (1.10-3.30)* 0.98 (0.63-1.53) 0.96 (0.47-1.92) 1.00 (0.67-1.51) 0.71 (0.47-1.07) 0.98 (0.30-3.23)
Migration background
No (Ref.) 1.00 1.00 1.00 1.00 1.00 1.00
Yes 0.94(0.70-1.26) 1.00 (0.79-1.26) 1.01(0.71-21.43) 0.89 (0.71-1.10) 0.81 (0.65-1.00) 0.84(0.58-1.21)
Leadership position
Yes (Ref.) 1.00 1.00 1.00 1.00 1.00 1.00
No 121 (0.84-1.75) 1.31(0.97-1.78) 1.80 (1.08-3.00)* 1.14 (0.87-1.51) 0.87 (0.66-1.16) 0.81(0.47-1.42)
School type

ary school (Ref.) 1.00 1.00 1.00 1.00 1.00 1.00
Secondary general 0.25(0.54-1.13) 0.80 (0.36-1.77) 0.69 (0.22-2.18) 0.58 (0.27-1.26) 0.75 (0.35-1.63) 0.33(0.76-1.44)
school
Intermediate school 1.21(0.65-2.26) 0.69 (0.41-1.14) 0.58 (0.26-1.26) 0.60 (0.36-1.00)* 0.97 (0.60-1.38) 1.10 (0.47-2.80)
(vocational) grammar 0.89 (0.51-1.57) 0.77 (0.50-1.20) 0.65 (0.36-1.25) 0.56 (0.38-0.92)* 0.90 (0.58-1.38) 0.72(0.32-1.60)
school
Integrated 1.01 (0.54-1.90) 0.81 (0.50-1.34) 0.77 (0.36-1.61) 0.53 (0.32-0.89)* 0.85(0.52-1.39) 0.58 (0.24-1.38)

comprehensive school
School with several 1.48 (0.80-2.72) 0.56 (0.33-0.94)* 0.71(0.33-1.51) 0.60 (0.36-0.99)* 0.83 (0.51-1.35) 0.79 (0.32-1.96)
levels of qualification

Ref. reference group; OR, odds ratio; CI, confidence intervals *p<0.05; **p<0.01; NAV, navigation skills; IS, information searching: AC, adding content; ER, evaluating relability; DR,
determining relevance; PP, protecting privacy.






OPS/images/fpubh-12-1334263-t003.jpg
N: Item % (

Operational skills

1 . use the keyboard of a computer, tablets or smartphones (., to type words)? (N=1,590) 06 (10) 03-10

2 use the mouse (¢.g. to put the cursor in the right field or to click)? (N=1,589) 04(7) 02-06

3 use the buttons or links and hyperlinks on websites? (N=1,586) 06(9) 03-09

Navigation skills

4 - you lose track of where you are on a website or the Internet? (N=1,369) 143 (229) 127190

5 You do not know how to return to.a previous page? (N=1597) 54(87) 14466

6 . you click on something and get to see something different than you expected? (N= 280 (447) 259303

Information searching

7 make a choice from all the information you find? (N=1249) 219 (350) 200236

8 . use the proper words or search query to find the information you are looking for? (N=1382) 136 (218) 12.1-154

9 find the exact information you are looking for? (N=1143) 283 (451) 26.0-30.05

Adding content

10 : clearly formulate your question or health-related worry? (N=892) 98(97) 8.1-116

n express your opinion, thoughts, or feelings in writing? (N=879) 124 (124) 106142

write your message as such, for people to understand exactly what you mean? (N=883) 120 (120) 12.0-139

13 decide whether the information is reliable or not? (N=887) 445 (710) 420468

14 express your opinion, thoughts, or feelings in writing? (N=850) 4638 (747) 448491

15 write your message as such, for people to understand exactly what you mean? (N=1135) 288 (458) 265-31.1

Determining relevance

16 use the information you found to make decisions about your health (e. g., on nutrition, 320(510) 299342
medication or to decide whether to ask a doctor’s opinion)? (N=1086)

7 apply the information you found in your daily life? (N=928) 417 (65) 392443

18 decide if the information you found is applicable to you? (N=903) 434 (691) 409456

Protecting privacy

19 do you find it difficult to judge who can read along? (N=234) 520 (253) 47.8:56.1

20 . do you find it difficult to determine, how the security of your private data s guaranteed by the 7.5 (342) 635712
media provider? (N=165)

2 do you find it difficult to determine, who has access to your data? (N=147) 709 (359) 672745

2 do you (intentionally or unintentionally) share your own private information (e. g, name or 347 (178) 310286
address)? (N=335)

2 . do you (intentionally or unintentionally) share some else’ private information? (N=441) 144 (74) 117174

N, total number of cases; n, number of cases responded with “difficult/very difficult” resp. “sometimes/often’” for the subscale protecting privacy, CI confidence interval





OPS/images/fpubh-12-1334263-t004.jpg
sufficient %

1019
50-59

o0+
Migration
background
Yes

No

Leaders

ip

Position
No

Yes

“Type of school
Primary school
Secondary
general school
Imtermediate
school
(vocational)
grammar school
Integrated
comprehensive
school

School with
severallevels of
qualification

Total

Operational skills

(n)

996 (1150)

985 (399)

9.3 (401)
99.3 (439)
9.1 (560)

100(176)

989 (185)
9.4 (1389)

9.4 (1170)

992(375)

982 (111)

100(38)

100 (184)

9.1 (558)

100(195)

100(193)

93

problematic %

(n)

ns
03(4)
1009
050)
07()
050)
00(0)

ns

L1

04(6)

04(5)

050)

0901)

00(0)

0000)

050)

00(0)

0000)

05()

sufficient % (n)

inadequate %

(n)

01(1)

050)

02(1)

00(0)

04()

00(0)

00(0)
0209

020)

03(1)

0901)

00(0)

00(0)

04(2)

00(0)

00(0)

020

Evaluating reliability

problematic % (n)

sufficient %

(n)

810(961)

s17(221)

86.1(348)
826 (366)
77.5 (440)

782(136)

812151
81.2(1137)

808 (950)

824(310)

81.6(93)

667 (26)

69:4(129)

850

660(130)

750 (144)

81.2(1293)

inadequate % (n)

problematic %
(n)

ns.
146 0173)
131 (53)

£(6)=1930,p<001,
124(50)
126(56)
165(94)
149(26)

ns.

156(29)
140(196)

1470174
122(46)

ns.

12304

2109

20408

96(43)

2803

188(36)

142(226)

sufficient % (n)

inadequate %

(n)

45(53)

5201

150

4701

604)

69012)

326)
49(68)

4402

53(0)

610)

10364)

10209

5404)

1224

6302)

46074)

Determining relevance

(n)

69.1(820)

635258)

686(278)
67.7(300)
660(373)

7160126

665(123)
67.8(950)

667 (785)

711@70)

62(73)

667 (26)

©402)

67.0(77)

660(130)

750 (14)

67.7(1079)

problematic % (n)

sufficient %

Information searching Adding content

problematic %  inadequate %  sufficient %  problematic %

inadequate %

(n) (n) (n) (n) (n)
FET=879,p<005,=0.137 ns
27(57) 92(109) 87 (595) 4 149035)
2702) 138(56) 78.1207) 14308) 7520
2009 9438) 773 091) 162 (40) 65016)
21.7(96) 106 (47) 82420 12769 4903)
28029 122069 841 (302) 95(34) 64(23)
2209 63a1) 86.1(87) 10901 300)
ns. ns
21169) 124(23) 833 (100) 10002) 67(9)
21610 101 (142) 820697 125(106) 55(47)
ns. F(2)=663,p<0.05,0 =003
225269 108127) 804(571) 134095 62(44)
2307) 8709 877014 8200 4100)
ns. ns.
25.0(8) 98011) 792(61) n7 o 9.1(7)
210) 103(4) 8284) 1036) 690)
2048) 10209) 853(99) 9501 5200
26027) 105(59) 828075 133644) 3903
2863 12209 798(95) 14307) 590)
188 36) 6302) £9002) 10613) 5006)
21949) 104165) 822(602) 122(19) 56(55)

Protecting privacy

inadequate % (n)  sufficient % (n)  problematic % (n)

inadequate % (n)

Sex
Female

Male

Age

<10

0-49

50-59

v

Migration background
Yes

No

Leadership Position
Yes

No

“Type of school
Primary school

Secondary general

school
Intermediate school
(socational) grammar
school

Integrated
comprehensive school
School with several
levels of qualification

Total

frequency:

not significant

438(518)

430074

459(185)
439(194)
419(37)

425(749)

48.4(90)

428(598)

433(507)

450071)

357 (40)

46208)

457(85)

463 (260)

485(95)

453(87)

436(693)

344 (407)
331034
ns.
13034
351055
337 191)
351 61)
ns.
349.(63)
340 (475)
338 (396)
350(133)
ns.

357 (40)

3303)

322(60)

343093

316(62)

349.(67)

340 (541)

218258)

240(97)

208 (84)
210(93)
2440138)

24(9)

167 31)

232(324)

230 (269)

200(76)

286(32)

205(8)

2001

19:4(109)

199(39)

198(38)

223(355)

15.4(536)

363 (147)

41.1166)
0.9 (180)
45.4(256)

466 (81)

492(91)

42.2(589)

125 (498)

4.2(167)

430 (49)

500(19)

418(77)

42.6(238)

43.9(86)

0(86)

431 (683)

220,p<0.01, ¢=0.007

340 (01)
395 (160)
ns.
366 (148)
375 (165)
333(188)
328(57)
ns.
357 (6)
353 (493)
352012)
368(139)
ns.

386 (44)

28901)

375 (69)

356 (199)

357 (70)

356 (68)

354 (462)

206 (243) 243(80) 462(152)
242(98) 304 (41) 47.8(65)
ns.
223(90) 24304 486 (68)
216 95) 319(45) 454 (64)
213 120) 2607 470 (74)
207 (36) 185(5) 407 (1)
£4)=13.86,p=001,V=0019
151 28) 355(22) 532(33)
24613 257(120) 446179)
224 262) 202023 561 (64)
190(72) 280(94) 435 (146)
ns
18421) 2204 458(22)
2018 BIA 176
207 (38) 2401 531 (26)
2180122) 27862 391 (59)
204 (40) 30609) 45228
194(7) 24605 557 (34)
215 (341) 2600121) 467 (217)

hi-square; FET, exact test accordingto Fisher; V, Cramer Index (Cramer V) and ¢, Phi Index; subscales categorized into sufficient, problematic and

inadequate ability i the respective dimension: suffcient abilty in this dimension 9-12, problematic abilty in this dimension 7-8, inadequate abliy n this dimension 3-6.

205 (97)

2.1(30)

27.1(38)
27(32)
203 (46)

40701

13

207 (119)

237 (27)

286 (96)

250(12)

2500)

2502)

33.1(50)

2205)

19702)

273027)





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Digital health literacy among primary and secondary school teachers—a quantitative study



		1 Introduction



		2 Materials and methods



		2.1 Study design



		2.2 Measures



		2.3 Statistical analyses



		2.3.1 Calculating subscale scores



		2.3.2 Calculating an overall score



		2.3.3 Bivariate and multivariate analysis















		3 Results



		3.1 Sample characteristics



		3.2 Level of digital health literacy



		3.3 Sociodemographic and school-level differences of digital health literacy



		3.4 Associations between sociodemographic, school-level factors and digital health literacy









		4 Discussion



		5 Strengths and limitations



		6 Further research



		6 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fpubh-12-1334263-t001.jpg
NAV!
Model significance 7 (1)=30.942,p <0.01
N of model 1258
Nagelkerkes R R =0.040
Hosmer-Lemeshow test £ ®)=11.048,p

82.2% (0 and 100%)

199

Accuracy in classification

(Sensitivity % and Specificity %)

##p<0.01; n.s. not significant; NAV, navigation s

information searching; AC, adding content; ER, evaluat

Is AC ER
£ (1)=13.353, ns. £ (1)=11.842, n.s. * (11)=10.032, ns.
1258 775 1,255
R =0015 R*=0.025 R =0.011

7 (8)=3.537,p =0.896
68% (0.and 100%)

1 (8)=7.378,p =0.496
82.6% (0.and 100%)

1 (8)=2.265, p =0.972
549% (91.7 and 10.5%)

g reliability; DR, determining relevance; PP, protecting privacy.

DR
7 (11)=10941, ns.
1251
R =0012
£ (8)=6.201,p =0625
56.5% (91% and 11,1%)

PP
£ (11)=19.304, nis.
369
R=0071
£ (8)=10600,p=0.225
65.6% (91.1 and 13.9%)





OPS/images/fpubh-12-1334263-t002.jpg
Sex
Inter* / Intergender

Female

Male

Age

<40

40-49

50-59

60+

Migration background
One-sided

Tuwo-sided

No

Leadership position

Yes

No

School type

Primary school

Secondary general school
Intermediate school

(vocational) grammar school
Integrated comprehensive school
Schaol with severallevels of qualification

Total

1,193

406

405
444
572

176

88

1,407

380

1,183

14
39
187
565
197
193

1,600

0.1%
74.5%

25.4%

25.4%
27.8%
35.8%

110%

62%

88.3%

243%

75.7%

8.8%
3.0%
14.4%
43.6%
15.2%
14.9%

100%





OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Digital health literacy among
primary and secondary school
teachers—a quantitative study












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






