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A goal of teacher education is to promote evidence-based teaching. Teacher beliefs are assumed to act as facilitators or barriers to evidence-based thinking and practices. In three sub-studies with a total of N = 346 German student teachers, the extent of student teachers’ beliefs about education science and their consequences and sources were investigated. First, the results of questionnaire data indicated that student teachers held skeptical beliefs about education science: On average, they perceived education science as less complex than their subject disciplines and as less important for successful teaching than their subject didactics. Additionally, they endorsed myths about learning and teaching. Second, the more skeptical the student teachers’ beliefs, the lower their engagement in education science courses within teacher education. Third, hypotheses about potential sources of these skeptical beliefs were experimentally tested as starting points for changing beliefs. The results showed that the “soft” research methods typical of education science and a general tendency to perceive research findings as trivial (hindsight bias) might contribute to this devaluation. Furthermore, students studying the natural sciences and students with little experience with education science held more skeptical beliefs.
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Introduction

There are increasing demands for teaching to evolve into a more evidence-based profession (Slavin, 2002; Bauer and Prenzel, 2012; Ferguson, 2021). Such demands relate not only to educational policy but also to teachers’ professional thinking and behavior (Davies, 1999; Bauer and Prenzel, 2012; Niemi, 2016). Many countries require in their teacher education standards that teachers should be able to plan and design lessons based on scientific evidence (e.g., see Bauer and Prenzel, 2012, for an overview). Orientation toward the best available knowledge is standard in other professions, such as medicine (Sackett et al., 1996; Helmsley-Brown and Sharp, 2003). However, teachers rarely draw on evidence when planning, analyzing, and reflecting on job-related situations (Dagenais et al., 2012; Patry, 2019). A central reason for this lack of evidence-based thinking lies in teachers’ beliefs (e.g., Patry, 2019). There is evidence that people in general hold skeptical beliefs about disciplines such as psychology or education science (Lilienfeld, 2012). The content of such disciplines is commonly perceived as less complex than that of the natural sciences (Keil et al., 2010). In particular, the research methods in disciplines such as education science seem to be perceived as “soft” (Munro and Munro, 2014, p. 533), providing less valid results than “hard” (Munro and Munro, 2014, p. 533) methods in the natural sciences. Similarly, (prospective) teachers often belief that findings from education science are of little relevance to their teaching in the classroom (Broekkamp and Hout-Wolters, 2007). These beliefs contradict research findings highlighting the importance of teachers’ knowledge of empirical evidence from education science – for example, knowledge about effective teaching methods or effective classroom management strategies (e.g., König and Pflanzl, 2016; Ulferts, 2019; Voss et al., 2022) – for their professional success.

Consequently, in a series of three studies, I investigated whether student teachers held skeptical beliefs about education science and examined the consequences and sources of such skeptical beliefs. First, I implemented questionnaires capturing the extent of student teachers’ beliefs about the importance and complexity of education science compared to the subject disciplines and the subject didactics. Second, I examined the consequences of such skeptical beliefs for engagement in education science courses within the teacher education program by using correlational data. Third, I conducted experimental studies to test hypotheses about sources of student teachers’ skeptical beliefs.


Beliefs about evidence from education science

Conceptualizations of teachers’ professional knowledge typically distinguish three domains of teachers’ professional knowledge (Shulman, 1987): content knowledge (Krauss et al., 2008), pedagogical content knowledge (Krauss et al., 2008), and pedagogical-psychological knowledge (Voss et al., 2011). In accordance with this topology, in many countries, teacher education curricula (e.g., the curricula of the German teacher education system) require pre-service teachers to take courses in three disciplines (Bauer and Prenzel, 2012), namely in the subject disciplines to acquire content knowledge (i.e., the knowledge about the subject matter they will be teaching), subject didactics to acquire pedagogical content knowledge (i.e., how to make the subject matter accessible to their future students), and education science to acquire knowledge about pedagogical-psychological phenomena relevant for students’ learning in general (e.g., knowledge about learning strategies, students’ motivation, assessment).

Prior research has indicated that beliefs about education science as a discipline within teacher education are rather skeptical (Cramer, 2013; Siegel and Daumiller, 2021). Beliefs are personal views about the self and the world that are thought to be true (Richardson, 1996). Beliefs are organized in a complex mental network and often termed subjective theories (Patry, 2019). Analogously to scientific theories, people use such subjective theories or beliefs to describe, explain, and predict phenomena, but such beliefs have a different epistemic status. While scientific theories are based on objectifiable, justifiable bodies of knowledge, beliefs are based on experience. Thus, beliefs do not meet the criterion of being objectifiable through scientific evidence (Richardson, 1996). Therefore, systems of beliefs typically contain elements that are not based on scientific evidence and not consistent with scientific theories. The skeptical beliefs about education science primarily manifest themselves with respect to two aspects.

First, teachers often doubt that empirical evidence from education science is important for teachers (Beycioglu et al., 2010; Dagenais et al., 2012; Cain, 2016; Thomm et al., 2021a). Many teachers assume that such evidence is not applicable to their practice (e.g., Merk et al., 2017; Joram et al., 2020; review by van Schaik et al., 2018) and perceive a gap between education science research and daily challenges in the classroom (Broekkamp and Hout-Wolters, 2007; Merk et al., 2017). There is also some evidence that student teachers perceive the education science even as less important than the subject disciplines (e.g., Cramer, 2013).

Second, research on epistemological beliefs has shown that student teachers often hold unsophisticated epistemological beliefs about education science topics (Guilfoyle et al., 2020; Moser et al., 2021). Epistemological beliefs are subjective theories about knowledge and knowing (Hofer, 2001). Existing conceptualizations identify various dimensions of epistemological beliefs. However, most conceptualizations include complexity of knowledge as one such dimension (e.g., Schommer, 1990; Hofer and Pintrich, 1997). Research results have indicated that student teachers hold rather unsophisticated beliefs (e.g., Brownlee et al., 2001) and, for instance, believe that education science content is not particularly complex (Lilienfeld, 2012). Even children rate psychological questions as easier to answer than questions from disciplines like chemistry or physics (Keil et al., 2010).

In addition to general beliefs about education science as a discipline of teacher education, student teachers often hold misconceptions about specific educational topics. Misconceptions are beliefs contradicted by established research findings in a discipline (Bensley and Lilienfeld, 2017). Research has shown that teachers and student teachers often endorse misconceptions (e.g., Dekker et al., 2012; Bensley and Lilienfeld, 2017; Pieschl et al., 2021). Such misconceptions are: instruction needs to be adapted to specific learning styles (Macdonald et al., 2017; Eitel et al., 2021), it is primarily the teacher’s personality that matters for teaching success (Darling-Hammond, 2006), having more experience automatically makes one a better teacher, smaller class sizes automatically lead to better student learning (Menz et al., 2021a). Existing research exposes these four statements as misconceptions. For instance, (1) there is no solid evidence that there is any benefit to adapting instruction to learning styles (e.g., Kirschner and van Merriënboer, 2013). Several studies have (2) shown that teachers’ profession-specific competencies (rather than general personality traits) are important for teaching success (e.g., Kunter et al., 2013). Evidence also indicates that (3) teachers with more experience are not automatically better teachers, but that it depends on how teachers leverage their experiences (Friedrichsen et al., 2009; Kleickmann et al., 2013). Several studies (4) have indicated that a smaller class size is no guarantee for better learning (Hattie, 2009). Such misconceptions that receive widespread endorsement are also called myths (e.g., neuromyths, Dekker et al., 2012).



Consequences of student teachers’ beliefs for their learning

It is assumed that beliefs have consequences for people’s motivation and behavior (Fives and Buehl, 2012; Buehl and Beck, 2015), because they are thought to serve as a filter for interpreting new experiences (Pajares, 1992): Humans always perceive situations through the lens of their existing beliefs, which affect how they select and process information and how they make decisions in a given situation (Fives and Buehl, 2012; Patry, 2019).

This filtering effect of beliefs is assumed to be particularly important in the context of teaching and teacher education (Yadav et al., 2011; Brownlee et al., 2017). Beliefs are formed very early during our school careers (for an overview, see, for example, Pajares, 1992; for an empirical study, see, for example, Haney and McArthur, 2002). Accordingly, student teachers bring a set of fixed beliefs based on their experiences with them into their teacher education program. It is assumed that these beliefs shape what and how pre-service teachers learn during teacher education (Fives and Buehl, 2012; Stark, 2017; Ferguson, 2021). For instance, inadequate beliefs or misconceptions may lead to an oversimplification of complex information and result in poor learning outcomes (Schommer-Aikins, 2004; Moser et al., 2021). Accordingly, the results of interview studies with rather small samples (Holt-Reynolds, 1992; Bondy et al., 2007) have shown that students interpret situations in line with their beliefs. Furthermore, in a study with Norwegian student teachers, Bråten and Ferguson (2015) found evidence that more positive beliefs by student teachers about the importance of formalized sources of knowledge (such as research articles or textbooks) are associated with higher motivation to learn from formal teacher training courses (see also Chan, 2003 for a study with student teachers from Hong Kong and Siegel and Daumiller, 2021 for a mixed-method study with a relatively small sample).



Sources of student teachers’ beliefs

Because beliefs about teaching and learning are based on years of one’s own school experiences, these beliefs are thought to have multifarious sources (Lilienfeld, 2012).

(1) Disciplinary culture: People often assume that the impact of science on society strongly differs across disciplines (Janda et al., 1998; Richardson and Lacroix, 2021). Physics and mathematics typically have the highest prestige, whereas social sciences such as psychology, sociology, or education science have the lowest (e.g., Simonton, 2006; Klavans and Boyack, 2009). This low prestige may contribute to the devaluation of education science among student teachers. Furthermore, research on epistemological beliefs has revealed interindividual differences in students’ beliefs by disciplinary culture: Students studying “soft” disciplines (e.g., psychology, education science) held more sophisticated epistemological beliefs than students of “hard” sciences (e.g., mathematics, physics, biology, Paulsen and Wells, 1998; Karimi, 2014). However, there are also contradictory research results. For instance, Rosman et al. (2020) found hardly any differences in epistemological beliefs between biology and psychology students.

(2) Experience with the academic discipline: Based on experiences from their own school days, student teachers enter teacher education with a fixed set of beliefs about teaching and learning (Richardson, 1996; Fives and Buehl, 2012). These beliefs are often at odds with the scientific theories taught at universities (Joram, 2007; Fives and Buehl, 2012). As they gain more experience with the academic discipline of education science, student teachers should develop a more appropriate representation of it. Accordingly, (limited) research results indicate that students with more experience (e.g., students with more courses in the discipline or students in a master’s degree program vs. bachelor’s degree program) hold more positive beliefs about the discipline than students with less experience (Bartels et al., 2009, for psychology students; Moser et al., 2021, for pre-service teachers).

(3) “Soft” research methods of the discipline: Many people have an unfavorable opinion of psychology’s scientific quality (Lilienfeld, 2012). It is interesting to note that neuropsychological evidence is perceived more like “hard” sciences than the other “softer” subdisciplines of psychology (Keil et al., 2010). For instance, there is manifold evidence on the seductive allure effect (Weisberg et al., 2008): People judge explanations of psychology findings as better when those explanations contain logically irrelevant neuroscience information (e.g., Weisberg et al., 2008; Hopkins et al., 2016). Consequently, distrust in the reliability of evidence from soft sciences such as education science may also be rooted in the typical research methods of education science as opposed to “harder” sciences such as chemistry, physics, or neuropsychology (Lilienfeld, 2012). For instance, Munro and Munro (2014) found evidence in a scenario-based approach that students evaluated the quality of evidence generated with brain magnetic resonance imaging (e.g., MRI) more favorably than evidence from cognitive tests.

(4) Preference for information from anecdotal sources: Drawing upon their own experiences in school, teachers often prefer anecdotal information from practitioners to inform their practice compared to evidence from scientific sources (e.g., Ferguson, 2020; Kiemer and Kollar, 2021). Research results have demonstrated that the preference for such non-scientific (i.e., anecdotal) sources contributes to shaping student teachers’ misconceptions about topics from education science (Menz et al., 2021b).

(5) Hindsight bias: Many people believe that most knowledge from “soft” disciplines is obvious (Lilienfeld, 2012). This tendency to view outcomes as foreseeable once we know them is termed hindsight bias (the “I knew it all along” effect, Lilienfeld, 2012, p. 120). Research results have shown that this tendency is pronounced among human beings in general (e.g., in political elections, Blank et al., 2003), as well as among student teachers concerning topics from education science (Wong, 1995). Hindsight bias concerning evidence from education science may thus also contribute to student teachers’ skeptical beliefs about education science.

Thus, there is evidence for potential sources of the skeptical beliefs, but studies with actual samples of student teachers that systematically explore these different sources are lacking.




The present study

Data come from three sub-studies from a research program investigating German secondary school student teachers’ beliefs about education science. In Germany, secondary school teacher training programs are divided into a bachelor’s degree program (six semesters) and a master’s degree program (four semesters). Student teachers study at least two subjects and take courses in the subject didactics of these two subjects as well as in education science. Bachelor’s degree programs at most universities have a clear focus on the two subject disciplines, with the most credits awarded in the subject disciplines, while master’s degree programs have a stronger focus on education science and subject didactics. Although German universities are organized in a federal system with differences across the federal states, this overall structure is found in each state.

In the present study, I first compared student teachers’ beliefs about education science with their beliefs about their subject disciplines and subject didactics. I assumed a devaluation of education science in terms of beliefs about the importance of education science for teaching and the complexity of education science (Sub-Study 1). Furthermore, I expected that student teachers, on average, would endorse myths about educational topics (Sub-Study 3). Second, consequences of these beliefs were investigated with the assumption that skeptical beliefs about education science would be associated with a lower engagement with research from education science and a lower openness to scientific evidence (Sub-Study 2). Third, possible sources of the devaluation of education science were examined. Specifically, I investigated (a) the impact of the subjects students were studying as an indicator of the disciplinary culture [i.e., natural science subjects (STEM) vs. other subjects; Sub-Study 1], (b) the impact of students’ level of experience with education science (i.e., students in the bachelor’s vs. master’s degree program; Sub-Study 1). As further possible sources, I investigated in two experimental studies (c) whether student teachers tend to devaluate evidence from studies using soft research methods in comparison to hard research methods (Sub-Study 2), (d) whether student teachers prefer information from anecdotal (vs. scientific) sources (Sub-Study 2), and (e) whether student teachers tend to believe that evidence from education science is trivial (hindsight bias; Sub-Study 3).



Sub-Study 1


Hypotheses

I assumed that students would hold skeptical beliefs about the importance and complexity of education science. Furthermore, I expected moderating effects of the subject the student teachers were studying and their degree program (bachelor’s versus master’s level).

(1) Hypotheses on the importance of the disciplines for professional success:


•Student teachers believe that education science is less important for professional success than their subject disciplines and subject didactics (importance devaluation hypothesis).

•The tendency to devalue the importance of education science is more pronounced among student teachers studying a STEM subject than among students not studying a STEM subject (importance-by-subject hypothesis).

•The tendency to devalue the importance of education science is more pronounced among student teachers in the bachelor’s degree program than among student teachers in the master’s degree program (importance-by-degree hypothesis).



(2) Hypotheses on the complexity of the disciplines:


•Student teachers evaluate education science as less complex than their subject disciplines and subject didactics (complexity devaluation hypothesis).

•Student teachers studying a STEM subject devalue the complexity of education science more strongly than student teachers not studying a STEM subject (complexity-by-subject hypothesis).

•The tendency to devalue the complexity of education science is more pronounced among student teachers in the bachelor’s degree program than among student teachers in the master’s degree program (complexity-by-degree hypothesis).



I conducted an a priori power analysis in G*Power (Faul et al., 2009) for analyses of variance with the between-subject factors degree program (bachelor’s vs. master’s degree) and subject (STEM vs. non-STEM), with beliefs as the within-subject factor (three levels: beliefs about education science, subject disciplines, and subject didactics; expected medium-sized intercorrelations), and their interaction (α = 0.05, power β = 0.80). The results indicated that a sample size of N = 36 would be sufficient to detect the expected medium-sized main effects for the within-subject factor, and a sample size of N = 206 would be sufficient to detect the expected small interaction effects between the within-subject factor and the between-subject factors.



Materials and methods


Sample

A total of N = 210 student teachers from the University of Freiburg participated in Sub-Study 1 (Table 1). About 50% of the participants were enrolled in a master’s degree program (i.e., Master of Education), the others were enrolled in a bachelor’s degree program with the option to subsequently pursue a Master of Education. Among participants, 65% were studying at least one STEM subject.


TABLE 1    Overview of the three sub-samples.
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Instruments


Beliefs about the disciplines

Student teachers answered questions about the importance of education science, the students’ subject disciplines, and subject didactics for professional success and the complexity of the topics covered in these disciplines. The item wording was parallel for the three disciplines. Student teachers indicated their agreement with statements about the importance and complexity of each discipline on 6-point Likert scales ranging from 1 (=completely disagree) to 6 (=completely agree). An example item measuring beliefs about the importance of the discipline for professional success is: Comprehensive knowledge of theories and concepts from education science/my subject disciplines/my subject didactics helps to cope with the daily challenges of being a teacher (7 items for each discipline). An example item measuring beliefs about the complexity of the topics in the discipline is: You have to think hard to understand the topics in education science/my subject disciplines/my subject didactics (4 items for each discipline; see Table 2 for descriptive statistics and Table 3 for the intercorrelations among the scales).


TABLE 2    Descriptive statics for the instruments measuring student teachers’ beliefs about the three disciplines (Sub-Study 1 and Sub-Study 2).
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TABLE 3    Intercorrelations of the instruments (Sub-Study 1).
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Degree program and subjects

Additionally, student teachers indicated their degree program (master’s or bachelor’s degree program) and the subjects they were studying. The subjects were coded as STEM (students studying at least one STEM subject; i.e., mathematics, physics, chemistry, computer science, or geography) versus non-STEM (students studying two subjects in the linguistics, humanities, or social sciences).





Results


Do student teachers evaluate education science as less important than their subject disciplines and subject didactics?

I computed an analysis of variance with discipline as the within-subject factor (i.e., education science, subject disciplines, and subject didactics) and beliefs regarding their importance as the dependent variable. Furthermore, I included the students’ subjects (STEM vs. non-STEM) and degree program (master vs. bachelor) as between-subject factors to investigate the moderator hypotheses. The results showed a significant large main effect of discipline, F(2, 352) = 59.166, p = 0.000, η2 = 0.25 [controlling for gender with no significant effect: F(1, 352) = 1.051, p = 0.351, η2 = 0.00]. To uncover the significant main effect of discipline, I computed a planned contrast following the importance devaluation hypothesis that students rated education science as less important than the subject disciplines and subject didactics. Consequently, I specified the contrast with the weights: subject disciplines = +1, subject didactics = +1, education science = –2. The contrast was statistically significant, F(1, 176) = 34.240, p = 0.000, η2 = 0.16. Thus, the results supported the importance devaluation hypothesis: Student teachers evaluated subject didactics and subject disciplines as more important for professional success than education science. Descriptively, student teachers rated their subject didactics as particularly important compared to the other two disciplines (Table 2).

The interaction with subject was not statistically significant [F(2, 352) = 1.822, p = 0.163, η2 = 0.01]. Thus, the results did not support the importance-by-subject hypothesis that devaluation of education science is more pronounced among students studying a STEM subject.

In contrast, the interaction effect with degree program was statistically significant [F(2, 352) = 5.173, p = 0.006, η2 = 0.03; small effect, Figure 1]. A simple effects analysis with Bonferroni correction of the alpha level revealed that student teachers at the master’s level rated education science (p = 0.001) – and subject didactics (p = 0.000) – as significantly more important than students at the bachelor’s level (Figure 1). In contrast, the difference for subject disciplines by degree program (p = 0.992) was not statistically significant. Hence, the results partially supported the importance-by-degree hypothesis that devaluation of education science is more pronounced among students at the bachelor’s compared to master’s level.
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FIGURE 1
Interaction effects: Importance of the disciplines for professional success as a function of degree program (Sub-Study 1). The figure displays beliefs about the importance of the three disciplines for professional success among students at the bachelor’s vs. master’s level. *p < 0.05 in the simple effects analyses.




Do student teachers evaluate education science as less complex than their subject disciplines and subject didactics?

An analysis of variance with discipline as the within-subject factor (i.e., education science, subject disciplines, and subject didactics), subject and degree program as between-subject factors, and beliefs about complexity as the dependent variable revealed a significant, large main effect, F(2, 348) = 150.982, p = 0.000, η2 = 0.47 [again controlling for gender with no significant effect: F(1, 348) = 0.170, p = 0.8431, η2 = 0.00]. To test the complexity devaluation hypothesis that student teachers rate education science as less complex than their subject disciplines and subject didactics, I computed a planned contrast with the weights: subject disciplines = +1, subject didactics = +1, education science = –2. The contrast was statistically significant, F(1, 174) = 78.269, p = 0.000, η2 = 0.31. Hence, in line with the hypothesis, student teachers evaluated the complexity of education science significantly lower than the complexity of their subject disciplines and subject didactics.

Furthermore, the results indicated a significant interaction effect for both moderators, that is, subject [F(2, 348) = 5.366, p = 0.005, η2 = 0.03] and degree program [F(2, 348) = 7.235, p = 0.001, η2 = 0.04; Figure 2]. A simple effects analysis with Bonferroni correction of the alpha level revealed that students with and without a STEM subject differed significantly on all three variables: In line with the complexity-by-subject hypothesis, students with a STEM subject rated the complexity of education science significantly lower (p = 0.021), the complexity of their subject disciplines significantly higher (p = 0.019), and the complexity of subject didactics lower (p = 0.028) than students without a STEM subject. Regarding the complexity-by-degree hypothesis, the simple effects analysis indicated that students at the bachelor’s level rated the complexity of their subject disciplines significantly lower (p = 0.003) and the complexity of subject didactics significantly higher (p = 0.009) than students at the master’s level. Contradicting the hypothesis, students from the two programs did not differ significantly with regard to their ratings of the complexity of education science (p = 0.160).
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FIGURE 2
Interaction effects: Complexity of the disciplines as a function of subject and degree program (Sub-Stud 1). The figure displays beliefs about the complexity of the three disciplines among students with a STEM subject (STEM) versus no STEM subjects (non-STEM; A) and for students at the bachelor’s versus master’s level (B). *p < 0.05 in the simple effects analyses.





Summary

In line with the assumptions, I found evidence for a devaluation of education science among student teachers: On average, they perceived education science as less important for professional success than subject didactics and as less complex than their subject disciplines. The results also yielded moderating effects: The tendency to devalue the importance of education science was more pronounced among students with less experience with education science (i.e., bachelor’s degree students) than among students with more experience with education science (i.e., master’s degree students). In addition, the tendency to devalue the complexity of education science was more pronounced among students with a STEM subject than among students without a STEM subject.




Sub-Study 2


Hypotheses

I investigated the consequences of the skeptical beliefs for engagement and possible sources (soft versus hard research methods and anecdotal versus scientific sources of evidence) with the following assumptions.

(1) I hypothesized that more skeptical beliefs about education science would be associated with lower engagement with research from education science:


•Students with more negative beliefs are less willing to exert effort in educational science courses (beliefs engagement hypothesis).

•Students with more negative beliefs are less open to evidence-based practices (beliefs openness hypothesis).



(2) As potential sources for the devaluation of education science, I expected:


•Students consider research findings from studies using soft research methods (typical methods from education science, such as surveys, systematic observations, standardized tests) to be less trustworthy than findings from studies using hard research methods (typical research methods from the natural sciences, such as EEG, fMRI; research method hypothesis).

•Student teachers perceive information reported by colleagues (i.e., anecdotal source) as more trustworthy than information from empirical educational research (scientific source; source of evidence hypothesis).



An a priori power analysis in G*Power for a linear multiple regression analysis to test the hypotheses on the engagement (α = 0.05, power β = 0.80, 9 predictors) indicated that a sample size of N = 74 would be sufficient to detect a medium-sized effect. For the hypotheses on the sources, I conducted two experimental manipulations (soft versus hard research methods; anecdotal versus scientific source). The power analysis for an ANOVA with a within-subject factor with two levels indicated that a sample size of N = 46 would be sufficient to detect a medium-sized effect.



Materials and methods


Sample

In total, N = 87 student teachers participated in Sub-Study 2 (Table 1). All participants were in the first to fourth semester of the Master of Education.



Instruments


Beliefs about the disciplines

Student teachers completed the same instrument as in Sub-Study 1 on their beliefs about the importance of the three disciplines for professional success and the complexity of the disciplines (Table 2).



Engagement with education science

Two aspects of engagement with education science were measured using 15 6-point Likert scale items (completely disagree to completely agree). First, eight items captured student teachers’ willingness to make an effort in education science (Cronbach’s α = 0.88; adapted from Jonkmann et al., 2013). An example item is: I do my best in education science courses. Second, seven items were adapted from Aarons (2004) to measure openness to evidence-based practices (Cronbach’s α = 0.70). An example item is: I would use new methods that have been proven effective in research, even if they were very different from what I am used to doing.



Vignettes about research findings

A total of 11 short vignettes about research findings were constructed. For each vignette, participants indicated how trustworthy the research findings were (6-point Likert scales, very trustworthy to not at all trustworthy). They were instructed that trustworthiness means the extent to which they would rely on and trust these findings. The vignettes were included in two versions of the questionnaire with two experimental within-subject variations:

The (1) research method was experimentally varied for five research findings. Each finding existed in two versions: one based on a typical research method from neuroscience (research method = hard; e.g., the recording of brain activity/results from EEG/results from fMRI showed…) and one based on a typical research method from education science (research method = soft, e.g., the results of a standardized survey/of a systematic observation/of a standardized test showed…). The research findings were counterbalanced across the two questionnaire versions.

The (2) source of evidence was experimentally varied for the other six research findings: Again, each finding existed in two versions that were identical except that one was based on a report by a colleague (source = anecdotal: e.g., In my daily school life, I often observe that…) and one on a scientific source (source = science; e.g., Research results have shown that…). The vignettes were also counterbalanced across questionnaire versions, and each participant rated three findings from an anecdotal source and three findings from a scientific source.

Other than these two experimental variations (source and research method), the vignettes were parallelized in terms of content (e.g., testing effect, self-regulated learning, homework), length (word count), and readability (Flesch, 1948). Neither the vignettes experimentally varying the research method nor those varying the source of information differed significantly from one another in terms of length and readability (Table 4).


TABLE 4    Means, standard deviations, and one-way analyses of variance in length and readability of the vignettes (Sub-Study 2 and Sub-Study 3).
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Results


Are beliefs about education science related to engagement with education science?

I conducted a regression analysis of willingness to make an effort in education science on beliefs about the importance and complexity of education science, the students’ subject disciplines, and subject didactics (controlling for gender, subject, and additionally for university, because students in this sub-study studied either at the University of Freiburg or the University of Education in Freiburg). Importance of education science and complexity of education science (and subject) were significant predictors of willingness to make an effort, whereas beliefs about the importance and complexity of the students’ subject disciplines and subject didactics did not explain differences in willingness to make an effort in education science courses (Table 5). Thus, in line with the beliefs engagement hypothesis, stronger beliefs that education science is important for professional success and that education science is complex were associated with students being more willing to make an effort in their education science courses.


TABLE 5    Results of the regression analysis predicting engagement with education science (Sub-Study 2).

[image: Table 5]

An analogously computed regression analysis of openness to evidence-based practices on beliefs about the importance and complexity of education science, subject disciplines, and subject didactics (also controlling for gender, subject, and university) showed that importance was a significant predictor, but complexity was not. Thus, partly in line with the hypothesis, more strongly believing that education science is important was associated with students being more open to evidence-based practice.



Do soft research methods and students’ preference for anecdotal information contribute to the devaluation of education science?

The analysis of variance with research method as the within-subject factor (i.e., soft vs. hard), trustworthiness of the findings as the dependent variable (and gender, subject, and university as control variables) revealed a significant small to medium-sized main effect of research method [F(1, 69) = 7.127, p = 0.009, η2 = 0.09]. This main effect supported the research method hypothesis: Student teachers rated findings obtained with hard research methods as more trustworthy than findings obtained with soft research methods. With the exception of university [F(1, 69) = 4.982, p = 0.029, η2 = 0.06], none of the covariates showed a significant effect.

An analogous analysis of variance with source of evidence as the within-subject factor (i.e., anecdotal vs. scientific) also revealed a significant medium-sized main effect of source [F(1, 68) = 4.324, p = 0.041, η2 = 0.06, no significant effects of any of the covariates]. This result indicated that – contradicting the source of evidence hypothesis – student teachers rated findings from scientific sources as more trustworthy than findings from anecdotal sources.




Summary

Regarding the consequences of student teachers’ beliefs, in line with the hypothesis, the results indicated that more skeptical beliefs about education science were related to lower engagement with research from education science and – at least for skeptical beliefs about the importance of education science – to lower openness to scientific evidence.

Furthermore, regarding possible sources of these skeptical beliefs, the experimental manipulation results indicated that student teachers, on average, evaluated empirical findings from studies with soft research methods as less trustworthy than equivalent empirical findings from studies with hard research methods – but with a rather small effect size. Thus, education science’s typical soft research methods might contribute to its devaluation. Against the expectation, findings from anecdotal sources were given lower trustworthiness ratings than equivalent findings from scientific sources. However, this effect was also small.




Sub-Study 3


Research questions

Do (1) student teachers tend to perceive evidence from education science as trivial and (2) do they believe in myths regarding education science?



Materials and methods


Sample

A total of N = 49 student teachers participated in Sub-Study 3 (Table 1). All participants were in the first semester of their Master of Education program at the University of Freiburg.



Instruments: Vignettes about research findings and myths

The participants were also presented with short vignettes about research findings from education science, again with an experimental manipulation, but this time regarding the correctness of the research findings: Each of the six findings overall was presented in two versions, one as actually found in the research (e.g., research findings showed that performance improved), and one not in line with the research results (e.g., research findings showed that performance did not improve). The correctness of the findings was also counterbalanced across questionnaires and randomly assigned to subjects. Participants had to indicate on a 6-point Likert scale how obvious these findings were to them (very obvious to not at all obvious). They were instructed to rate whether the findings were expectable and not surprising (i.e., obvious) or surprising and contradicted what they would have expected (i.e., not obvious).

Furthermore, four similar vignettes on typical misconceptions (i.e., myths) about phenomena from education science were developed in two versions (incorrect = myth vs. correct) and randomly assigned to the students. The four myths were (1) the need to adapt instruction to students’ learning styles (need to adapt vs. do not need to adapt), (2) impact of teacher personality (it is primarily a teacher’s personality that matters for teaching success vs. a teacher’s personality is not the primary factor for teaching success), (3) impact of teaching experience (having more experience automatically makes one a better teacher vs. does not automatically make one a better teacher), (4) impact of class size on student learning (smaller class sizes automatically lead to better student learning vs. do not automatically lead to better learning). These vignettes were also parallelized and did not significantly differ in terms of length or readability (Flesch, 1948; Table 4).




Results

The a priori power analysis for an analysis of variance with a within-subject factor with two levels (incorrect vs. correct) indicated that a sample size of N = 46 would be sufficient to detect a medium-sized effect.


Do student teachers perceive evidence from education science as trivial?

In the analysis of variance with correctness as the within-subject factor (i.e., correct vs. incorrect) and obviousness as the dependent variable (controlling for gender), the main effect was not significant [F(1, 43) = 1.918, p = 0.173, η2 = 0.04]. The means were above the theoretical midpoint of 3.5 (Table 6), indicating that, in line with the hindsight assumption, students on average tended to evaluate findings from education science as rather obvious – independent of whether the findings were correct or incorrect. Descriptively, the mean was higher for the incorrect than the correct research findings (Table 6).


TABLE 6    Means and standard deviations of vignettes (Sub-Studies 2 and 3).

[image: Table 6]



Do student teachers endorse myths about education science?

The analogously computed analysis of variance for myths with the within-subject factor correctness and obviousness as the dependent variable (controlling for gender) revealed a large main effect for correctness [F(1, 43) = 40.434, p = 0.000, η2 = 0.49]. This result suggested that students strongly believe in the myths: They rated the incorrect findings (i.e., the myths) as much more obvious and expected than the correct findings (see Table 6 for descriptive statistics).




Summary

The results of Sub-Study 3 suggest that, consistent with the hindsight bias, student teachers retrospectively evaluated research findings from education science as trivial (“I knew it all along”). Furthermore, on average, student teachers strongly believe in myths about learning and teaching.




Overall discussion

I examined whether student teachers devaluate education science compared to their subject disciplines and subject didactics. Additionally, I investigated the consequences and potential sources of the devaluation.


Do student teachers hold skeptical beliefs about education science?

The results of three sub-studies indicated a pronounced devaluation of education science among student teachers in a German sample. I found evidence for this devaluation based on different research approaches (quasi-experimental questionnaire data and data from experimental studies) and reflecting several aspects.

First, in the questionnaire Sub-Study 1 with a large sample, student teachers perceive education science as less complex than their subject disciplines on average.

Second, student teachers perceive education science as less important for teaching success than subject didactics on average.

These skeptical beliefs about the importance of education science for teaching success are not in line with the empirical evidence: Research results indicate that teachers’ knowledge about topics from education science is related to teaching success in terms of instructional quality and achievement: Higher pedagogical-psychological knowledge of teachers is associated with higher learning support of the students (Voss et al., 2014, 2022), a more efficient classroom management (Voss et al., 2014, 2022), and higher students’ achievement (König and Pflanzl, 2016). This importance of teacher knowledge is not limited to pedagogical-psychological knowledge. It has also been shown that pedagogical content knowledge is related to the teaching success (e.g., Baumert et al., 2010), and content knowledge has been shown to be an essential basis for developing pedagogical content knowledge (e.g., Friedrichsen et al., 2009; Kleickmann et al., 2017). Thus, the three domains of teacher knowledge are important, pedagogical-psychological knowledge, pedagogical content knowledge, and content knowledge. This is in line with the national standards or guidelines for teacher education of many countries. Such standards describe what teachers should know and be able to do and typically cover aspects of all three domains of teacher knowledge (Bauer and Prenzel, 2012). Consequently, in Germany, student teachers must take courses in the three disciplines – subject disciplines, subject didactics, and education science – to acquire pedagogical-psychological knowledge, pedagogical content knowledge, and content knowledge. Thus, the devaluation of education science’s importance for teaching found in the present study on average among student teachers is not consistent with either education policy standards or empirical research. Therefore, it seems necessary to target such inappropriate beliefs for change during teacher education. The devaluation tendency is also mirrored in motivational constructs, as research, for instance, indicated that the subject interest of teachers is higher than the interest in education science (e.g., Pozas and Letzel, 2021).

Third, in the experimental Sub-Study 3, student teachers turned out to strongly believe in myths about learning. Although plenty of research debunks the myths as myths (e.g., Kirschner and van Merriënboer, 2013; Macdonald et al., 2017; Eitel et al., 2021), the student teachers in the present sample believe in these myths. Thus, the results suggest a need to break down misconceptions of student teachers (Menz et al., 2021a; Prinz et al., 2021). In the present study, four such myths were examined as examples. However, other myths exist, such as that some students are information-savvy digital natives and that learners can multitask (Kirschner and De Bruyckere, 2017). Future research should address such other myths.



Are skeptical beliefs related to engagement in education science courses?

The devaluation of education science compared to subject disciplines and subject didactics is especially relevant in light of the assumed filtering effect of beliefs (e.g., Pajares, 1992; Patry, 2019) and thus the assumed importance of beliefs for future teachers’ professional thinking and learning (e.g., Fives and Buehl, 2012). The results of the present study indicate that these beliefs matter for student teachers’ motivation: More skeptical beliefs about the complexity and importance of education science were associated with lower engagement with research from education science and less openness to scientific evidence (the latter statistically significant only for skeptical beliefs about the importance of education science). Thus, the results suggest that the devaluation of education science is crucial, as it is related to the quality of students’ uptake of learning opportunities. This result is in line with the assumed importance of beliefs for learning and the uptake of learning opportunities during teacher education (Fives and Buehl, 2012; Stark, 2017; Ferguson, 2021). The questionnaire data of the present study thus complement the results of smaller interview studies (e.g., Holt-Reynolds, 1992; Bondy et al., 2007). However, further research is needed to examine other indicators of uptake of learning opportunities in teacher training. In the present study, self-report data on motivation and openness were used. An important next step would be to investigate the associations of student teachers’ beliefs with alternative measures of motivation (Fulmer and Frijters, 2009). Possible alternative approaches include the use of observational data (e.g., tasks chosen or persistence when engaging in tasks) or analyses of students’ authentic learning materials (e.g., learning protocols, lesson plans).

Furthermore, more research is needed to examine the assumed detrimental effect of skeptical beliefs about evidence from education science on teaching success as prior research is ambiguous. For instance, some studies found that teachers with more skeptical beliefs about evidence-based practices do not differ in the frequency of the use of evidence-based practices from teachers with less skeptical beliefs (e.g., McNeill, 2019, see also Krammer et al., 2021, for believing in neuromyths). At the same time, other studies showed that positive beliefs about evidence are related to more frequent use of evidence-based practices (Combes et al., 2016). Additionally, evidence on beliefs, in general, indicated congruencies between teacher beliefs and teaching practices (e.g., overview from Buehl and Beck, 2015).



What are potential sources of skeptical beliefs about education science?

Knowledge of the sources of student teachers’ skeptical beliefs may serve as starting points for breaking down dysfunctional beliefs and misconceptions.

Therefore, first, in the questionnaire Sub-Study 1, I investigated whether the devaluation of education science depends on students’ selected subject disciplines and degree programs as potential sources of skeptical beliefs about education science. The results indicated that the tendency to devaluate the complexity of education science was more pronounced among students of STEM subjects than students with no STEM subjects. Thus, disciplinary culture obviously plays a role in shaping the tendency to devaluate the complexity of education science compared to students’ subject disciplines. Furthermore, the devaluation of the importance of education science compared to subject didactics was moderated by student teachers’ experience with education science: Student teachers at the bachelor’s level devaluate the importance of education science for teaching success more strongly than student teachers at the master’s level. The participants of the present study were student teachers from Freiburg University. During the bachelor’s degree program at Freiburg University, student teachers have to complete only one module on education science, whereas in the master’s degree program, significantly more credit hours are devoted to education science. Thus, on average, bachelor’s students have less experiences with education science. The results of the present study suggest they are more prone to dysfunctional beliefs about education science, whereas student teachers with more experience (i.e., in the master’s degree program) appear less prone to such devaluations. This might be because students in the bachelor’s degree program have little knowledge about education science as a professional discipline and thus might lack the awareness of the importance of the discipline. This explanation would also have parallels to the Dunning-Kruger effect (Kruger and Dunning, 1999), a prominent effect in metacognitive research indicating that people with little knowledge in a domain tend to be unaware of their deficient knowledge. As a consequence of the moderating effect of experience, it seems vital to create learning opportunities early in teacher training programs that support students in reflecting on their skeptical beliefs about education science and forming a more appropriate conception of the discipline and its importance for teaching success. In light of research on typical gender differences (e.g., women are less likely to choose STEM subjects than men; Roloff Henoch et al., 2015), it is interesting to note that I found no effect of the covariate gender.

Second, experimental evidence indicated in the present study a dysfunctional pattern in the reception of research findings from education science. This also sheds light on potential sources for the devaluation of education science. The results of the experimental Sub-Study 2 indicate that the soft research methods typical of education science might contribute to its devaluation: Student teachers on average evaluated empirical findings from studies with soft research methods as less trustworthy than equivalent empirical findings from studies with hard research methods. Thus, student teachers need more knowledge about research methods and their validity (Voss et al., 2020; Thomm et al., 2021b) to reduce this potentially biased perception of the quality of research findings based on different methods.

Contrary to the assumption, findings from anecdotal sources were given lower trustworthiness ratings than equivalent findings from scientific sources. Prior research indicates that student teachers prefer teachers as sources of information compared to researchers (Menz et al., 2021b), have more positive beliefs about the utility of anecdotal information compared to educational research, and use anecdotal sources more frequently than scientific evidence (Kiemer and Kollar, 2021). Together with the results of the present study, this may indicate that even though student teachers evaluate information from scientific sources as more trustworthy, they use scientific sources less frequently than anecdotal sources. Additionally, Hendriks et al. (2021) found that the perceived trustworthiness of teachers and researchers depends on students’ specific epistemic goal. Further research should shed light on this apparent contradiction by investigating beliefs about different sources together with concrete use of these sources in teaching and students’ goals.

Finally, student teachers in the experimental Sub-Study 3 tended to believe that evidence from education science is trivial. This hindsight bias is a general phenomenon that has also been investigated in areas other than education (e.g., Blank et al., 2003). I found the tendency to perceive evidence about learning and teaching as common sense and foreseeable in the study among student teachers. Thus, this tendency may also contribute to the evolution of skeptical beliefs about education science.



Strengths and limitations

A main strength of this study was the combination of a quasi-experimental sub-study with experimental sub-studies. In doing so, evidence to describe phenomena was generated, such as the average level of student teachers’ beliefs about education science compared to their beliefs about their subject disciplines and subject didactics. In addition, evidence to explain phenomena was generated in the experimental sub-studies, such as why student teachers perceive research findings from education science as less trustworthy than research findings from STEM subjects.

The samples of the three sub-studies consisted of a total of 346 student teachers from two universities in Germany. They studied different subject disciplines and were enrolled in different degree programs (bachelor’s and master’s). These results might be generalized to countries with similar conditions (e.g., culture, teacher education system). However, the results cannot be generalized to differently structured teacher education systems. As the a priori power analyses indicated, the sample sizes were sufficient to detect the expected effects. Nevertheless, larger samples would be desirable in future research to examine the importance of further moderators, such as the amount of student teachers’ teaching experience, the length of time they have been in a teacher education program, or the prior knowledge about the disciplines.

Another limitation is the use of cross-sectional data. In the present study, the degree programs (bachelor’s and master’s) served as a proxy for experiences with education science. However, longitudinal data would be necessary to draw conclusions about the development of student teachers’ beliefs over the course of teacher training. For example, a longitudinal study with student teachers in Germany found a decline in beliefs about the importance of education science over time on average (Cramer, 2013). As these results contradict the results of the present cross-sectional study, with more positive beliefs among students with more experience with education science, further research is needed to elucidate this contradiction.

Another limitation is how the consequences of skeptical beliefs were measured in Sub-Study 2, as the participants provided self-reports on engagement with education science. The self-report instrument was adapted from validated instruments (e.g., Aarons, 2004; Jonkmann et al., 2013). However, further studies with alternative measures, such as observational data or analyses of authentic learning materials, are needed.

Furthermore, the experimental sub-studies provided evidence for potential sources of skeptical beliefs about education science. For instance, the results indicate that student teachers rate research findings based on hard research methods as more trustworthy than equivalent research findings based on soft research methods like those typical of education science. However, as a further limitation, the direct impact of these sources on the formation of student teachers’ beliefs was not examined and should be addressed in future research. Additionally, future research should investigate other potential influencing factors. For instance, student teachers’ professional roles might also affect their beliefs about education science. Similar to research on motives for teaching (e.g., Watt et al., 2012), some student teachers might see themselves primarily as experts on their subject matter. Those student teachers might be highly interested in the subject and pass on the subject matter to the students. On the contrary, for other student teachers, educating students might be much more part of their professional role. As a result, those students might be more interested in education science and might also have more positive beliefs about the discipline.




Conclusion

Overall, the findings of the sub-studies indicate that student teachers, on average, held skeptical beliefs about education science. This poses a challenge to those involved in teacher education: Student teachers bring inappropriate beliefs and misconceptions into their teacher education program, and these beliefs are related to their engagement with the learning content. The findings support the assumption that beliefs are facilitators or barriers to the use of evidence in instructional situations (Fischer, 2021). Thus, it seems important to address beliefs early in teacher education programs (Stark, 2017), encourage students to reflect on their beliefs, and create specific learning opportunities to break down misconceptions and inappropriate beliefs.

The results of the present study on the potential sources of student teachers’ skeptical beliefs can provide information on where to start. They should be considered alongside theoretical models (e.g., Gregoire, 2003) and evidence on how to successfully change beliefs (Gill et al., 2004; Kleickmann et al., 2016; Prinz et al., 2021).
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