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Young teachers, in particular, often face difficulties in managing their classrooms. A professional vision of classroom management can support teachers in managing a classroom effectively. This element of professional competence is often promoted in teacher training using video-based approaches, e.g., videoing own lessons including expert feedback, analyzing instructional videos and accompanying transcripts and analyzing videos of own and others teaching. This study used the learning format of comparing contrasting cases to promote professional vision of classroom management among first-semester student teachers (N = 127). However, it diverged slightly from the norm in that its contrasting cases came from two auditive, not video, teaching examples. The effectiveness of comparing contrasting cases on the professional vision of classroom management was studied in two experimental groups. One group compared the contrasting cases using self-generated categories (invention activity, n = 63), and the other group compared the cases based on given categories (worked solution, n = 64). Invention activities and worked solutions have their origins in mathematics and science education and promise to activate prior knowledge and the curiosity of learners at the beginning of a new learning unit while at the same time highlighting deep features of a concept in order to enrich networked and organized knowledge. Professional vision of classroom management was assessed using a video-based online test in a pre-post design to determine whether it was more beneficial to compare contrasting cases with an invention activity or a worked solution. Additionally, using a coding scheme, we assessed the quality of the student teachers’ task solutions and the relationship between the quality of the task solutions and the learning outcomes of the posttest. Both groups showed no difference between the benefits of the two learning formats. For the experimental group invention activity, we found negative correlations between the task solutions and the learning outcomes. We ascribe this correlation to a productive failure effect. We performed a second study (N = 54) with a follow-up test to investigate whether either of the two formats produced more sustainable results. Our studies showed that both experimental groups (invention activity: n = 24, worked solution: n = 30) also had a short-term increase in professional vision of classroom management. The invention activity, however, promoted the more sustainable acquisition of professional vision of classroom management. In conclusion, invention activities appear to be an appropriate task format for promoting professional vision of classroom management among student teachers. This finding is relevant for the field of teacher education and improves insights into task formats that promote components of professional competence.
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1. Introduction

Classroom management has a significant impact on student learning outcomes (Wang et al., 1993; Seidel and Shavelson, 2007; Korpershoek et al., 2016) and improves learner motivation (Kunter and Voss, 2013). Yet, young teachers often have difficulty implementing classroom management strategies effectively in their teaching (Chaplain, 2008). This difficulty is partly because classroom management and the professional vision of classroom management have only recently become a major topic in teacher education research and teaching (e.g., Gold et al., 2021).

Classroom management, as one dimension of teaching quality, includes numerous strategies that promote students’ academic and social–emotional learning (Evertson and Weinstein, 2006). To apply classroom management strategies successfully, teachers need the ability to perceive significant events in the classroom in a time-sensitive manner (Sherin, 2007; Seidel and Stürmer, 2014); they need a professional vision of classroom management in order to act in an appropriately adept way. Some studies have investigated the promotion of students’ professional vision of classroom management via video-based approaches (Weber et al., 2018; Kramer et al., 2020; Gold et al., 2021). One common feature of these studies is the use of video-based training and pre- and posttests to assess professional vision of classroom management before and after training. However, novices tend to be overwhelmed by analyzing classroom videos (Erickson, 2007). Therefore, in our experimental studies, we present an innovative task format that aims to promote professional vision in student teachers by comparing auditive contrasting teaching examples. These auditive examples are intended to reduce the complexity of the analysis by focusing on the verbal level of a teacher’s activities related to classroom management (Wedde et al., 2022). Thus, this exploratory study investigates the extent to which auditive cases can promote professional vision. Previous studies have focused on video-based or text-based formats. For example, a study by Syring et al. (2015) compared video cases with transcripts of those cases. Their study showed that working with videos caused higher extrinsic cognitive load among student teachers than working with only transcripts of the video.

Another aspect to consider when designing tasks for student teachers at their entry phase of a teacher training program is the multiple experiences they bring into their studies from their own time in school: student teachers already have preconceptions and beliefs about teaching quality (Calderhead and Robson, 1991). Therefore, it is important that learning formats activate prior knowledge and address these preconceptions and beliefs, as knowledge acquisition is influenced by them (Borko and Putnam, 1996).

To investigate what effect two different conditions, both working with auditive contrasting teaching examples, have on students’ competence acquisition, we contrasted two experimental groups. In one experimental condition, the students compared the two teaching examples with self-generated categories (invention activity); in the other one, they compared the teaching examples using categories they had been given (worked solution). The objective of these studies was to evaluate which of the two task formats can positively influence student teachers’ professional vision of classroom management.



2. Professional vision of classroom management


2.1. Classroom management

Classroom management functions as a support for instruction and requires the teacher to perform demanding actions (Martin and Sass, 2010). It can be categorized into three facets: monitoring, managing momentum and establishing rules and routines (Gold et al., 2021). Monitoring refers to Kounin’s (1970) dimensions withitness and overlapping. Additionally, it includes strategies aimed at purposefully interrupting classroom disruptions with minimal distraction (Landrum and Kauffman, 2006; Simonsen et al., 2008; van Tartwijk, 2009). Managing momentum relates to the structuring of the lesson. It includes Kounin’s (1970) dimensions smoothness and momentum. Similarly, for a lesson to be successful, it is important to establish a transparent teaching process as well as clarity about tasks, lesson objectives and behavioral expectations – establishing rules and routines (Emmer et al., 1994).



2.2. Professional vision

To be able to react appropriately to classroom events relevant to classroom management, teachers must be able to perceive these events in a time-appropriate manner (Seidel and Stürmer, 2014; Gold et al., 2021). Two interconnected sub-processes are key: the noticing of relevant teaching situations and the knowledge-based reasoning of these events in order to be able to react appropriately to the situation (Sherin, 2007; Seidel and Stürmer, 2014). Applying these sub-processes requires declarative, conceptual and case-based knowledge (Berliner, 2001; Stürmer et al., 2013; König et al., 2014). According to the perception-interpretation-decision making model (PID model), professional vision is a situation-specific cognitive skill that mediates between dispositions, professional knowledge, affective-motivational characteristics and classroom performance (Blömeke et al., 2015; Blömeke and Kaiser, 2017). These cognitive processes occur before, during and after teaching in the classroom and thus are an integral part of teachers’ professional actions. The promotion of professional vision and its sub-processes, noticing and knowledge-based reasoning, thus should be one objective of teacher training programs and, recently, the number of studies on this topic has increased (Gold et al., 2021; König et al., 2022; e.g., Weber et al., 2018).

Research findings show that experts – in contrast to novices – can differentiate better between important and unimportant events in the classroom (Star et al., 2011; van den Bogert et al., 2014). Expert knowledge is more elaborate, more interconnected and more accessible than is the knowledge of novices (Borko and Livingston, 1989; Sabers et al., 1991). If disruptive behavior occurs, novices do not try to determine what might be triggering it and do not consider possible solutions to stop it – in contrast to experts. A study on this topic has been performed by Sabers et al. (1991), who evaluated novices’, advanced learners’ and experts’ comments on classroom videos. They observed that, in contrast to experts, novice and advanced learners merely described visual and auditory cues and did not make connections between auditory and visual cues. Those participants made little overall reference to auditory aspects, using them only to describe what they saw. The novices and advanced learners were not able to interpret the spoken language and integrate the meaning of language to the whole observation. In contrast, experts included the teacher’s spoken words and visual observations in their interpretations. To make meaningful interpretations about events in the classroom, experts link the observation of actions to the use of language and incorporate their professional knowledge (Sabers et al., 1991).



2.3. Promoting professional vision of classroom management

Classroom management is considered as a deep structure of teaching quality (Kunter and Voss, 2013). It is, thus, challenging for teachers to perceive events relevant to classroom management since these are on the level of learning processes and cannot be perceived on the surface level on the basis of features such as teaching methods. These challenges are evident in that novices differ from experts in their professional vision of classroom management (Wolff et al., 2015; König and Kramer, 2016; Gold and Holodynski, 2017; Stahnke and Blömeke, 2021). Thus, teacher education should promote the professional vision (of classroom management) of prospective teachers at an early stage through deliberate interventions.

To date, there have been various settings in which student teachers’ professional vision of classroom management has been promoted using classroom videos and classroom transcripts (Weber et al., 2018; Kramer et al., 2020; Gold et al., 2021). Another approach is to compare teaching examples in five steps that can be used specifically to promote the sub-processes of professional vision [describing, interpreting, evaluating, and explaining (Sherin and van Es, 2009; Seidel and Stürmer, 2014)]: description, classification into categories, juxtaposition, summarization, and conclusion (Wedde et al., under review).

In our studies, auditive teaching examples of classroom management were used as contrasting cases for the comparison approach. In our lesson examples, excerpts from classroom scenes were listened to. Each of them contained audio track sequences of a classroom video. The first auditive teaching example represented a less successful, the second auditive teaching example a more successful implementation of classroom management strategies by the teacher. Listening to auditive teaching examples has the advantage of the participants being able to focus on verbal strategies of classroom management. These tasks overcome, for example, the issues expressed in the study by Sabers et al. (1991): novices included the auditive level of videos only descriptively and not analytically in their annotation. Practicing lesson analysis via auditive examples can be an effective way to bring the relevance of language into the focus of learners’ analysis.




3. Comparison in the problem-solving prior to instruction approach

The problem-solving prior to instruction approach provides an effective method of comparing teaching examples, making it a very effective way for learners to critically analyze classroom management strategies. This approach is characterized by two steps: first, learners start in the problem-solving phase and subsequently receive instruction in the following phase (Loibl et al., 2017). The purpose of this approach is to activate learners’ prior knowledge and to allow them to develop networked and organized knowledge. While working on the task, learners are expected to become aware of their own knowledge gaps, focus on deep features of the topic to be learned and develop curiosity regarding the new topic (Glogger-Frey et al., 2015; Loibl et al., 2017). Comparison as a learning method that can be used within this approach has been widely researched in the school context. Those studies are especially based in the mathematical and scientific domains (Schwartz et al., 2011; Loibl and Rummel, 2014b). Several meta-analyses found comparing to be effective for learning in both schools and higher education (Marzano et al., 2001; Apthorp, 2010; Alfieri et al., 2013).


3.1. Invention activities and worked solutions

Two promising learning formats following the problem-solving prior to instruction approach are invention activities and worked solutions. Comparisons are integrated into these learning formats by using contrasting cases. In the first step of invention activities, learners are given a set of contrasting cases with a prompt to develop a solution to the given problem by comparing the cases. For the worked solution, learners are generally presented with a sample solution for the contrasting cases they need to study as they work through the task (Renkl, 2014). In the subsequent instructional phase, the learners are presented with the canonical solution to the task and instruction is given on the topic to be learned (Schwartz et al., 2011).

In a comparison task, learners need to identify, explain and organize features. A comparison of constructed cases helps highlight the deep features of the concept to be learned (Wedde et al., 2022). Recognizing deep features is a significant part of working through the learning formats. It is also known from research on expertise that experts tend to categorize principles by deep features; novices tend to categorize through surface features (Chi et al., 1981). If the new knowledge of the concept to be learned is stored via deep features, it can be applied better to new situations, and flexible knowledge is developed (Kapur and Bielaczyc, 2012; Loibl et al., 2017). The auditive contrasting cases in this study aim to reduce the complexity of teaching analysis, to make essential strategies of classroom management identifiable through contrasting and to provide negative knowledge about classroom management, i.e., knowledge about non-meaningful pedagogical practices (Oser et al., 2012; Wedde et al., 2022).

Comparing as an integrated task in invention activities can be more effective than simply asking students to find similarities and differences (Chi et al., 2012; Chin et al., 2016). Many studies have shown that invention activities promote the acquisition of conceptual rather than procedural knowledge (Loibl and Rummel, 2014a,b; Loibl et al., 2017; Weaver et al., 2018). Overall, studies contrasting the worked solution with the invention activity showed that the worked solution tended to be superior. The worked solution is considered the preferable format, especially for learners with little expertise and in the context of cognitive load theory, when it comes to task formats with a high level of element interactivity (Sweller et al., 1998). Element interactivity depends not only on the expertise of learners but also on the complexity of the learning material and refers to the elements that learners have to process in working memory to find a solution (Ashman et al., 2020).

In contrast to the worked solution effect, the generation effect, related to invention activity, assumes that learners who have to develop something while working on a task acquire knowledge more sustainably (Bertsch et al., 2007). In their study, Chen et al. (2015) found that the generation effect can occur with low element interactivity and that learners achieved better results when they had to develop something themselves. In contrast, when element interactivity was high, learners achieved better learning outcomes when they worked with a worked solution. This finding indicates that task formats with a low level of element interactivity, which contain prompts to generate something, promote learning.

Studies on the impact of when instruction is given (problem-solving prior to instruction or vice-versa) and on using contrasting cases have shown mixed results. One study (Loibl et al., 2020) could not find any effects: There were no pre- and posttest differences in conceptual understanding between the experimental groups that completed the task either before or after instruction and the task with or without contrasting cases. The authors of that study, thus, highlight that it is unclear which condition is beneficial to learning. They argue that novices, in particular, often did not use the beneficial features of the contrasting cases and may need additional guidance to do so. Learners who work with contrasting cases without additional guidance may tend to discover surface rather than deep features of the concept being learned; they would then perform low in the posttest. However, comparing contrasting cases has been shown to help learners identify more deep features of a concept (Loibl and Rummel, 2014a). Roelle and Berthold (2015) found that the experimental group with additional support for comparing contrasting cases, similar to a worked solution, performed better on the posttest in terms of conceptual knowledge than the other two experimental groups that did not receive additional support for comparing or did not complete a preparatory task. A study involving student teachers on the topic of learning strategies showed that the group working on the worked solution performed better regarding conceptual understanding on the posttest, although in one of these studies, for example, the invention activity resulted in significantly more knowledge gaps after task completion (Glogger-Frey et al., 2015). Those authors concluded that, in domains such as educational studies, working with a worked solution would be particularly suitable for knowledge acquisition and transfer and that long-term knowledge acquisition would have to be checked again in further studies (Glogger-Frey et al., 2015, 2022).



3.2. Relation between solution quality and learning outcomes

Previous studies have evaluated different aspects of learner solutions from the problem-solving phase regarding invention activities and worked solutions. We summarize the findings of these studies using the term solution quality. These findings lead to the question as to how solution quality is related to learning outcomes. There are different approaches to addressing this question. In one approach, the assumption is that a high solution quality results in advantages for the learning process since the problem-solving phase can support learners in discovering deep features of a concept to be learned (Loibl et al., 2017). This support is beneficial for the learning process because the deeper features are identified during the problem-solving phase, and the learners can focus on the less deep features during the instruction phase (Roll et al., 2011; Loibl and Rummel, 2014a). Alternatively, other researchers assume that failure during the problem-solving phase is beneficial for the learning process. This approach is called productive failure (Kapur and Bielaczyc, 2012). Important in productive failure is that learners become aware of their knowledge gaps and that, during instruction, they receive an explanation as to why a solution does not work (Sinha et al., 2021).

Previous studies also show a mixed picture of how solution quality relates to learning outcomes. In their study with psychology students, Wiedmann et al. (2012) found that high solution quality in the solution attempts correlated positively with procedural and conceptual knowledge in a follow-up quiz. In their experiment with student teachers on learning strategies, Glogger-Frey et al. (2015) only assessed the correctness of the solution attempts of the experimental group invention activity. The results also showed a positive correlation between the solution quality and posttest scores. In another study with student teachers, Glogger-Frey et al. (2022) found no correlations between the number of solution attempts or the number of optimal or suboptimal solution attempts for the experimental group invention activity. A further study also evaluated solutions only for the experimental condition invention activity. The study found that the quality of the solutions correlated positively with the results in the posttest (Roelle and Berthold, 2015). In their study on the problem-solving prior to instruction approach, Loibl and Rummel (2014a) found that, although the solutions of the group working with contrasting cases were of higher quality, the quality was not related to conceptual knowledge in the posttest. A recent study conducted by Sinha et al. (2021) with students in a course on data science yielded results in line with the productive failure approach: Learners who worked with a failure-driven task (learners were prompted toward an incorrect solution) during the problem-solving phase achieved higher conceptual understanding in the posttest than learners who worked with a success-driven task (learners who were prompted toward a correct solution). Hence, solving a task less successfully may well lead to better learning outcomes than solving a task more successfully.

The aforementioned studies, which are representative of research on the relationship between solution quality and learning outcome, show a mixed picture (Sinha et al., 2021). The findings suggest either a positive relationship between solution quality and learning outcomes (Wiedmann et al., 2012; Glogger-Frey et al., 2015; Roelle and Berthold, 2015), a low solution quality and better learning outcomes (Sinha et al., 2021), or no correlations between solution quality and learning outcomes (Loibl and Rummel, 2014a). Moreover, it remains to be clarified to what extent these results can be replicated for educational research. The studies mentioned above were mostly conducted in the scientific and mathematical fields. Similarly, limited studies have shown that the worked solution is the more effective task format for educational studies (Glogger-Frey et al., 2022). The results of our studies up to now indicate that, at the process level, the worked solution task format is more appropriate (Wedde et al., 2022, under review).




4. Objectives

This theoretical and empirical framework shows that there has been no research on invention activities and worked solution regarding the potential of these task formats to promote professional vision, a situation-specific cognitive skill (Blömeke et al., 2015; Blömeke and Kaiser, 2017), among student teachers. As already outlined above, there is inconsistent evidence on whether the invention activity or the worked solution is the preferable learning format for novices – this preferability is also significantly related to the learning object, the learning goal and the element interactivity. For our learning environment, we assume a high element interactivity: The students had to recognize different, presumably unfamiliar, dimensions of classroom management and integrate them into the comparison, in addition to simultaneously performing cognitive processes. In previous studies, conceptual knowledge and conceptual understanding was often assessed in the posttest (Wiedmann et al., 2012; Loibl and Rummel, 2014a,b; Glogger-Frey et al., 2015; Roelle and Berthold, 2015; Weaver et al., 2018; Loibl et al., 2020; Sinha et al., 2021; Glogger-Frey et al., 2022). Professional vision relates to this because it is composed of knowledge-based sub-processes, which are based on declarative and conceptual knowledge (Stürmer et al., 2013; König et al., 2014).

In addition, there are different study results on the question to what extent learners’ solution quality is related to their learning outcomes for task formats in problem-solving prior to instruction approach (Wiedmann et al., 2012; Loibl and Rummel, 2014a; Glogger-Frey et al., 2015; Roelle and Berthold, 2015; Sinha et al., 2021; Glogger-Frey et al., 2022). The present studies will contribute to this research by investigating whether there is a positive or negative relationship between solution quality and learning outcomes, as well as the question of which of the learning formats can initiate a situation-specific cognitive skill in the long term.

Through the task format of comparing two teaching examples, case-based knowledge is initiated. Additionally, the comparison and the corresponding instruction on the topic of classroom management are designed to promote declarative and conceptual knowledge on this topic. Thus, the competence to analyze teaching events without the urge to interact could be developed. By means of a video-based online test (Gold and Holodynski, 2017), which was used in the pre- and posttest for Study 1 (see Section 5) and also in the follow-up in Study 2 (see Section 6), students had to transfer this competence to videos in which auditive and visual elements are combined.

Consequently, the research questions of these experimental studies are


RQ1: To what extent does comparing two contrasting auditive teaching examples promote novices' professional vision of classroom management when comparing (a) with self-generated categories (invention activity) or (b) with given categories (worked solution)? (see Study 1, Section 5 and Study 2, Section 6)

RQ2: Are students' learning process outcomes (awareness of knowledge gaps, analytical and content-related solution quality) related to the development of their professional vision of classroom management? (see Study 1, Section 5)

RQ3: To what extent can comparing teaching examples promote a long-term skill acquisition regarding professional vision of classroom management using the two different task formats? (see Study 2, Section 6)
 



5. Study 1


5.1. Hypotheses

Study 1 examined the extent to which the learning format can initiate professional vision of classroom management in the short term by comparing the two experimental conditions and investigating the extent to which there is a positive or negative correlation between solution quality and learning outcomes. Teacher education studies on invention activities and worked solution with a high element interactivity found that the worked solution condition is more suitable (Glogger-Frey et al., 2015, 2022). Other study results also proved that, for learning material with a high element interactivity, the worked solution might be the preferable format (Chen et al., 2015). For RQ1, we formulated the following hypothesis.


H1: The experimental group worked solution (WS) achieves higher scores in the posttest than the experimental group invention activity (IA) after controlling for pretest differences.
 

Overall, the problem-solving phase is assumed to be related to the posttest. Therefore, we included the variables of analytical and content-related solution quality in this study (see Section 5.2.4 for a description of these variables; Wedde et al., 2022, under review). However, it remains to be clarified whether these correlations between the variables of analytical and content-related solution quality are positive or negative. Negative correlations would speak for a productive failure effect (Kapur and Bielaczyc, 2012). Therefore, we also formulated non-directional hypotheses to help answer RQ2.


H2a: The IA experimental group perceives more knowledge gaps after working on the task than the WS experimental group after controlling for pretest differences.

H2b: The more knowledge gaps were perceived after completing the task, the better students performed on the posttest.

H3a: The number of perceived surface features is related to the posttest scores.

H3b: The number of perceived deep features is related to the posttest scores.

H3c: The number of mentioned categories is related to the posttest scores.

H3d: The depth of comparison is related to the posttest scores.
 



5.2. Method


5.2.1. Sample

The overall sample consisted of 145 student teachers in their first semester of their studies at the University of Kassel, Germany. Seventy-four were randomly assigned to the IA experimental group (67.6% female; age: M = 22.1, SD = 4.7). The other 71 students were randomly assigned to the WS experimental group (66.2% female; age: M = 21.4, SD = 4.8). All students were enrolled in a teacher training program for secondary schools.

For the 145 participants, the time watching the videos was noted. A video filter was used to remove any cases with a deviant video time from the analysis. A deviant video time is characterized by the fact that all four videos to be analyzed were watched much shorter or much longer than the actual length of the video. Thus, the video filter removed cases that demonstrated deviant video times at pre- or post-test. The video filter resulted in the overall sample being reduced to 127 participants (IA: n = 63, WS: n = 64), a sample dropout of 12.4%. A similar number of cases were removed from both experimental groups in this process, χ2 (1) = 0.84, p = 0.36. The cases with a deviant video time demonstrated higher professional vision of classroom management in the pretest than the cases that demonstrated a compliant video time (see Table 1). The groups did not differ regarding age, F(1,142) = 0.004, p = 0.95, η2 = 0.00, and regarding gender, χ2 (1) = 1.19, p = 0.28. The analytical and content-related solution quality were only evaluated for the cases that were also included in the data evaluation of the pretest and posttest (Wedde et al., 2022, under review).



TABLE 1 Differences between groups included or excluded by the video filter.
[image: Table1]



5.2.2. Research design

The experimental study was conducted in the lecture “Introduction to the pedagogy of secondary schools” for first-year students in educational science, which was held by a professor. This lecture gives an overview of significant topics in educational science besides classroom management, including inclusive education or teaching quality. After the introductory session, the students completed the pretest. In the following session, the students worked on the task comparing the auditive teaching examples. Working on the task took about 45 min. After completing the task, awareness of knowledge gaps was assessed using a standardized questionnaire. In the following session, the students received instruction on classroom management and were also presented with the canonical solution to the task. One week later, the posttest was conducted. Students completed the pretest and posttest during course time. Due to the COVID-19 pandemic, the lecture was conducted online via videoconference. See Figure 1 for an overview of the research design.

[image: Figure 1]

FIGURE 1
 Research design of study 1.




5.2.3. Treatment

The goal of this treatment is not only promoting the student teachers’ professional vision of classroom management but also raising curiosity and interest in learning about classroom management. The examples were the audio tracks sequences of two constructed classroom videos. These examples were presented as podcasts for the students. In the first teaching example, strategies of classroom management were used less successfully; in the second teaching example, they were used successfully (Wedde et al., 2022). For the first lesson example, i.e., the less successful example, the teacher has not established any rules, does not manage to establish clear transitions between the lesson phases, or frequently focuses on the learners’ misbehavior. In contrast, in the second example, students listen to how the teacher has established and successfully applies rules, has structured the lessons in a meaningful way, as well as how her transitions are clear and how she praises the learners’ behavior. The order of the two classroom examples was intentional: By listening to how classroom management strategies are less successfully applied, students can initiate negative knowledge about strategies for effective classroom management. Thus, learners are exposed to less effective strategies before they are exposed to effective strategies. This contrast with a less successful classroom example not only highlights the effective strategies but also emphasizes the importance of these strategies, some of which seem self-evident and trivial (Oser et al., 2012). The students listened to these examples at the beginning of the task. Before the IA experimental group could compare the two teaching examples, students were asked to develop categories for comparing the two contrasting cases. The WS experimental group was given categories that they had to use to identify the differences between the two teaching examples (i.e., the given categories were managing transitions, rules, routines, communication by the teacher and managing disruptions).

The chosen task formats invention activity and worked solution began with the problem-solving phase, in which students were asked to compare contrasting cases by generating own categories (IA) or with given categories (WS). Beginning with this assignment was meant to raise student teachers’ epistemic curiosity and situational interest in classroom management, and students were meant to become aware of their knowledge gaps. Additionally, prior knowledge was activated (Glogger-Frey et al., 2015; Loibl et al., 2017). Thus, student teachers should not only become interested in learning about classroom management, but they should also become aware of what they do not know about this concept. Another goal of completing this assignment was for students to acquire case-based knowledge (Berliner, 2001) as well as negative knowledge (Oser et al., 2012) about classroom management. By comparing contrasting cases, effective strategies of classroom management should become salient, and students should learn how to apply classroom management strategies effectively in the classroom (Wedde et al., 2022). During instruction, this case-based knowledge was enriched by declarative as well as conceptual knowledge.

The auditive teaching examples set the focus on the teacher, with student teachers being introduced to the role of the teacher. Often student teachers tend to focus on irrelevant features of the presented classroom example in their analysis (Sabers et al., 1991; Star et al., 2011). Through the auditive format, the students in both teaching examples were not in the spotlight, which could make it easier for student teachers to focus on the strategies applied by the teacher. One disadvantage of auditive teaching examples may be the inaudible non-verbal classroom management strategies of the teacher. This part of the analysis will be introduced to the student teachers later in their studies so that the analysis of auditive teaching cases serves as an introduction to analyzing classroom scenes. According to the modality principle of the cognitive theory of multimedia learning, it is more efficient to present information using both visual and auditory channel (Low and Sweller, 2009; Mayer, 2009). This argument may not be fully applicable to student teachers who acquire analytical skills at the beginning of their studies. Novices cannot cognitively process the large amount of information presented in videos at the same rate as it is presented and can quickly become cognitively overloaded while analyzing videos (Erickson, 2007). According to our studies, after comparing the auditive teaching examples, the student teachers experienced relatively low extrinsic and intrinsic cognitive load (Wedde et al., 2021, 2022, under review). The results of this study will provide insight into the extent to which auditive cases can enhance professional vision.



5.2.4. Instruments

A standardized video-based online test was used for the pre- and posttest to assess professional vision of classroom management. This variable indicates a coefficient of agreement with an expert rating from 0 to 1 (Gold and Holodynski, 2017). Awareness of knowledge gaps, adapted from Glogger-Frey et al. (2015), was assessed directly after completing the task by a standardized questionnaire using eight items on a scale from 1 “strongly disagree” to 6 “strongly agree” (α = 0.84, e.g., “My knowledge was insufficient to solve the task.”). Besides the awareness of knowledge gaps, the analytical and content-related solution quality were also used to check whether there were any relationships between learning processes outcomes and the acquired professional vision of classroom management.

To assess the analytical and the content-related solution quality of the tasks, we used two coding measures that had been developed during previous studies (Wedde et al., 2022, under review). The analytical solution quality means “the quality of the learning processes induced by the task of comparing contrasting cases” (Wedde et al., under review, p. 16). For the analytical solution quality, five levels of effective comparison were used in the depth of comparison scale: Description, Classification into categories, Juxtaposition, Summarization, Conclusion (Wedde et al., under review). If one of the steps was completed, one point was given. If one step was not achieved, zero points were given. Before a higher step could be reached, the previous step must have been fulfilled. A total of five points per task solution could be achieved for the five steps (Wedde et al., under review). A sum score was created on the given points (Plöger et al., 2020). See Table 2 for an overview of the categories.



TABLE 2 Categories of the analytical solution quality.
[image: Table2]

To assess the content-related solution quality, we used surface and deep features for the three facets of classroom management (monitoring, rules & routines, and lesson structure) to be recognized in the two auditive contrasting cases that were based on the state of research on classroom management. For each facet, both the surface and the deep features were combined into one variable and included in the analysis. Surface features were defined as behavioral and well-audible features, such as aspects of teacher communication, like appearing to be annoyed. In contrast, deep features refer to aspects of the teaching-learning process or also, for example, to how the teacher manages disruptions. The evaluation additionally included how many categories were mentioned in each solution (Wedde et al., 2022). See Table 3 for selected sample categories of the classroom management facet monitoring.



TABLE 3 Selected categories of the facet monitoring of the content-related solution quality.
[image: Table3]

Both coding systems were coded independently by two coders for all task solutions. Due to the heterogeneity of the solutions, consensual coding was used. During regular meetings, agreement was reached on values that did not match. Thus, this approach can also be considered reliable (Guest et al., 2011; see Supplementary material for examples and explanations of the coding).



5.2.5. Data analysis

Means and standard deviations were calculated for all data. To examine the extent to which the two experimental groups differed at posttest and regarding the awareness of knowledge gaps, analyses of covariance (ANCOVAs) were calculated. The posttest and awareness of knowledge gaps served each as the dependent variable and the experimental groups as the independent variable. Although there was no significant difference between the IA and WS experimental groups in the pretest, F(1,125) = 3.18, p = 0.08, η2 = 0.03, the pretest was included as a control variable to increase statistical power for all analyses. Before the ANCOVAs were calculated, the prerequisites were checked. For the individual variables, a normal distribution can be assumed for both experimental groups. The variance of the variable posttest (p = 0.89) is homogeneous. For the variable awareness of knowledge gaps, the variance of the variable is not homogenous (p < 0.05). Since both experimental groups were almost the same size, the ANCOVA could still be calculated. Moreover, Pearson correlations were calculated between the solution quality variables and the posttest score. SPSS 27 was used for data analysis.

An a priori power analysis was conducted using G*Power version 3.1.9.7 (Faul et al., 2007) for sample size estimation for an ANCOVA. A medium effect size was assumed for the power calculation, as no comparable studies were available. After calculation, N = 128 participants would have been required with a significance level of α = 0.05 and a power (1-β) = 0.80 for a medium effect size. The sample size of N = 127 is only slightly smaller, resulting in a similar post-hoc power of (1-β) = 0.80.




5.3. Results


5.3.1. Learning outcome (H1)

Table 4 shows the means and standard deviations for the pre- and posttest. The overall sample as well as the two subsamples IA and WS improved from the pretest to the posttest. The two experimental groups barely differed in the posttest and developed almost equally from the pretest to the posttest. The ANCOVA showed no significant effect for the experimental group at posttest, F(1,124) = 1.66, p < 0.20, η2 = 0.01, but a highly significant effect of pretest, F(1,124) = 87.66, p < 0.001, η2 = 0.41. Thus, hypothesis H1 must be rejected.



TABLE 4 Means and standard deviations for the entire sample for pre- and posttest.
[image: Table4]



5.3.2. Relationship between solution quality and learning outcomes (H2 & H3)

There was a small difference between experimental groups IA (M = 3.01, SD = 0.91) and WS (M = 2.78, SD = 0.75) for the awareness of knowledge gaps after completing the task; however, this difference was not significant, F(1,120) = 1.56, p = 0.21, η2 = 0.01. There was no significant effect of pretest, F(1,120) = 2.63, p = 0.11 η2 = 0.02. Thus, hypothesis H2a is rejected. Similarly, there were no significant correlations between awareness of knowledge gaps after completing the task and posttest scores for the experimental group IA, r = 0.04, p = 0.73, n = 62, and for the experimental group WS, r = −0.05, p = 0.71, n = 61. Therefore, hypothesis H2b cannot be confirmed.

Table 5 presents the partial correlations between variables of solution quality and the posttest for the entire sample and for the two experimental groups. For all partial correlations, the score of the pretest served as the control variable. For the overall sample, there were no significant correlations between the variables of solution quality and posttest scores. There were no significant correlations between the posttest scores and the content-related solution quality variables for the WS experimental group. In contrast, for IA experimental group, the number of categories mentioned correlated with posttest scores negatively and almost significantly with a small effect. The deep features and posttest scores correlated negatively significantly with a small effect. Thus, hypothesis H3a is rejected whereas the hypotheses H3b and H3c can be partially confirmed. The posttest results correlated significantly with the depth of comparison for the experimental group WS (medium effect) but not for the experimental group IA, where there was no significant correlation between the posttest and the depth of comparison. Therefore, hypothesis H3d can only be partially confirmed.



TABLE 5 Partial correlations between the variables of solution quality and the posttest controlling for the pretest.
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6. Study 2


6.1. Hypotheses

We were able to demonstrate in Study 1 that both learning formats promoted professional vision of classroom management. However, Study 1 did not show which of the two experimental groups was more likely to initiate long-term skill acquisition. Hence, we conducted Study 2 with a new sample. To gain detailed insights into these task formats, we included a follow-up survey to examine the extent to which sustained learning can be fostered by the two task formats. According to the generation effect, it can be assumed that working on an invention activity is more likely to promote sustainable learning than studying a worked solution (Bertsch et al., 2007). However, we assume a high element interactivity for our task material, which is why it is questionable whether the generation effect would occur (Chen et al., 2015). Given the inconsistent evidence from studies on this issue, we also formulated non-directional hypotheses.


H1: The experimental group WS achieves higher scores in the posttest than the experimental group IA after controlling for pretest differences.

H2: The experimental groups IA and WS differ in the follow-up after controlling for pretest differences.
 



6.2. Method


6.2.1. Sample

The total sample for Study 2 consisted of 138 students in their first semester in the teacher-training program for secondary schools at the University of Kassel, Germany. Seventy-one students were randomly assigned to experimental group IA (47.9% female; age: M = 21.8, SD = 4.2). Sixty-seven students were randomly assigned to the experimental group WS (49.3% female; age: M = 20.9, SD = 2.9). The lecture took place in presence. All students were enrolled in a teacher training program for secondary schools.

Complete data sets were available from 97 participants for all three measurement time points. As in Study 1, a video filter was used to exclude deviant cases. The filter reduced the sample to 54 students (IA: n = 24, WS: n = 30). The sample dropout corresponds to 44.3% of the sample, with 26 cases dropping out of the experimental group IA and 17 cases dropping out of the experimental group WS. This difference was not significant, χ2 (1) = 2.46, p = 0.12. The groups did not differ regarding age, F(1,95) = 0.08, p = 0.78, η2 = 0.00, and regarding gender, χ2 (1) = 3.41, p = 0.07. We examined the extent to which the two groups differed with respect to various variables at posttest. The excluded and included groups were found to differ almost significantly in the posttest. No significant differences were found between the two groups regarding the other variables (see Table 6; see Section 6.2.2 for a description of these variables). Separate tests of these differences for the two experimental groups revealed no significant differences for either experimental group regarding the individual variables.



TABLE 6 Differences between groups included or excluded by the video filter.
[image: Table6]



6.2.2. Research design, treatment and instruments

The research design and treatment were identical to those in Study 1. In addition, twelve weeks after completing the posttest, all students were invited to participate in the follow-up. The students completed the follow-up independently. The video-based online test used for the pre- and posttest was also used for the follow-up (see Section 5.2.4). See Figure 2 for an overview of the research design.

[image: Figure 2]

FIGURE 2
 Research design of study 2.


For a more detailed dropout analysis, we included additional variables in the Study 2 posttest that had not been collected in Study 1. Situational interest in classroom management was assessed via seven items in the posttest (adapted from Glogger-Frey et al., 2015, e.g., “Having learned about classroom management strategies is important to me”). These items were rated by students on a six-point scale ranging from 1 “strongly disagree” to 6 “strongly agree”. The scale showed satisfactory reliability (α = 0.70). Similarly, we used two scales to assess test motivation in the posttest (adapted from Bürgermeister et al., 2011). Intrinsic motivation was assessed by students via three items (e.g., “I enjoyed working on the teaching analysis”; α = 0.75). Whether students were unmotivated was reported by students in four items (e.g., “I thought the teaching analysis questions were stupid”; α = 0.70). All items on the test motivation were rated on a scale from 1 “not at all true” to 4 “completely true”.



6.2.3. Data analysis

Means and standard deviations for descriptive analysis were calculated for all variables. To determine the differences between experimental groups at posttest and follow-up, ANCOVAs were calculated. The posttest and follow-up served as the dependent variable and the experimental groups as the independent variable. Before ANCOVAs were calculated, the prerequisites were checked. A normal distribution can be assumed for the individual variables for both experimental groups. The variances of the variables were homogeneous (posttest: p = 0.08, follow-up: p = 0.17). Although the two experimental groups did not differ significantly in the pretest, F(1,52) = 0.20, p = 0.66, η2 = 0.004, we included the pretest as a control variable to increase statistical power. SPSS 27 was used for data analysis.

An a priori power analysis had already been calculated for Study 1 and was identical for this study (see Section 5.2.5). The sample size of this study of 54 student teachers has a smaller statistical post-hoc power of (1-β) = 0.44.




6.3. Results

Table 7 shows the descriptive statistics of the two experimental groups and the entire sample for pretest, posttest and follow-up. Both experimental groups improved at the posttest compared with the pretest, but the two experimental groups did not differ significantly in the posttest, F(1,51) = 0.06 p = 0.82, η2 = 0.00. There was a highly significant effect of pretest, F(1,51) = 31.74, p < 0.001, η2 = 0.38. Therefore, hypothesis H1 is rejected. In the follow-up, the experimental group IA performed unchanged from the posttest, whereas the WS group’s test performance declined and was even below the pretest value. An ANCOVA showed a highly significant effect of experimental group, F(1,51) = 11.61, p = 0.001, η2 = 0.19, and a highly significant effect of pretest, F(1,51) = 28.87, p < 0.001, η2 = 0.36. Thus, hypothesis H2 can be confirmed.



TABLE 7 Means and standard deviations for pre- and posttest and follow-up.
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7. Discussion


7.1. Summary and interpretation of results

The objective of these studies was to determine which of two task formats, IA and WS, was preferable for promoting professional vision amongst first-year students. The two formats were compared using contrasting teaching examples. To this end, we determined that both experimental groups improved similarly from pre- to posttest and that there were no significant differences between the two experimental groups at posttest in either Study 1 or Study 2 (RQ1). Initially, this result is, indeed, positive, as both experimental groups demonstrated higher professional vision of classroom management. However, neither of the posttest in our studies showed an advantage for one of the two task formats. This finding contrasts to those of other studies that found WS to be the superior task format, especially for tasks with a high element interactivity, which we assumed for the learning material used in this study (Chen et al., 2015; Glogger-Frey et al., 2015; Roelle and Berthold, 2015; Glogger-Frey et al., 2022).

To investigate how sustainable the skill acquisition was, we conducted a follow-up in Study 2. Here, the results of the experimental group WS did not differ significantly from the results of the experimental group IA at posttest. However, both groups differed highly significant at follow-up; the experimental group IA demonstrated consistent results from posttest to follow-up and the results of the experimental group WS decreased from posttest to follow-up (RQ3). This finding would indicate a generation effect (Bertsch et al., 2007). As a result, for the long-term promotion of professional vision of classroom management, IA is the preferable format. It can be assumed that, since the group members developed the categories themselves, deeper cognitive processes were triggered, which resulted in their longer-term ability to perceive classroom management relevant events professionally. The results of this study suggest that when element interactivity is high, more sustained learning occurs with an invention activity.

A previous study found that students in an IA experimental group perceive more knowledge gaps while working on the task than those in a WS experimental group (Glogger-Frey et al., 2015). We could not replicate this result with Study 1, as there were no differences between the two experimental groups. Similarly, awareness of knowledge gaps was not related to the posttest.

The correlations between the variables of the analytical and content-related solution quality of the task showed a mixed picture for the two experimental groups in Study 1 (RQ2). The analytical solution quality of the experimental group WS was positively significantly related to the posttest. This finding may suggest that working through the steps of an effective comparison could initiate professional vision (Wedde et al., under review). Yet, the variables of the content-related solution quality were not significantly related to the posttest of the experimental group WS. Thus, no significant correlations between the number of surface features and the posttest could be demonstrated for the experimental group WS or for the experimental group IA (H3a). Furthermore, no significant correlation existed between analytical solution quality and posttest for experimental group IA (H3d). Nevertheless, two (almost) negatively significant correlations existed between the number of mentioned categories (H3c) as well as the number of deep features (H3b) and the posttest for experimental group IA. Thus, the fewer categories or the fewer deep features used for comparison, the better students performed on the posttest. This finding would suggest a productive failure effect for experimental group IA (Kapur and Bielaczyc, 2012).

With this result, it would have been expected that the experimental group IA would perceive correspondingly more knowledge gaps after task completion, which would have been a possible explanation for the results of this study. The assumption would be that students in experimental group IA are more likely to fail to develop an optimal solution to the task. This failure would lead them to perceive correspondingly more knowledge gaps when working on the task. During instruction, they would then be able to fill previously perceived knowledge gaps, which could lead to more sustained learning as well as networked and organized knowledge. For the experimental group WS, this explanation would mean that, although the students achieved a higher solution quality during the problem-solving phase (Wedde et al., 2022, under review), they perceive fewer knowledge gaps after working on the task and are thus less able to fill these knowledge gaps during instruction, which is why long-term learning is less likely to occur.



7.2. Limitations

The low level of students’ awareness of knowledge gaps in Study 1 cannot contribute to the explanation of these results. This failure may also be due to collection through the standardized items used. In the future, less abstract items or interviews could be used to collect data on the awareness of knowledge gaps following the task completion. According to the statistical power analysis, the estimated sample size for a medium effect size had to be larger than the actual sample in Study 2, limiting the significance of Study 2’s findings. Sample dropout is another limitation of the two studies. In Study 1, the group excluded by the video filter demonstrated higher professional vision of classroom management in the pretest. In Study 2, the group excluded by the video filter demonstrated a lower professional vision in the posttest than the included group. This difference raises the question of how the results of the two studies would have been if these sub-samples had compliant video times and thus did not need to be excluded. Furthermore, no control group was used in this study, so it cannot be ruled out that the results are a test–retest effect. Thus, no results are available on how a control group that had not worked on a comparative task would have developed in their professional vision of classroom management. Additionally, the sample was drawn from only one institution, which also limits the study’s generalizability.



7.3. Conclusion and implications for further research

Overall, our study was able to show that there is still unclarity in educational science as to which of the two task formats, IA and WS, is preferable. However, this preference also depends significantly on the learning object. When it comes to developing conceptual knowledge on a topic, WS may be superior to IA (Glogger-Frey et al., 2015, 2022). However, if a situation-specific cognitive skill based on declarative and conceptual knowledge is to be fostered beyond conceptual knowledge, IA may well be the preferable learning format, as our studies have shown. To address in detail the question of the appropriate task format, further studies should examine the extent to which comparing contrasting teaching examples specifically promotes conceptual knowledge of classroom management. Likewise, constructs of affect motivation, which are also the basis of professional vision, could also be included in further analyses (Blömeke and Kaiser, 2017). Additionally, the results showed that comparing contrasting auditive teaching examples positively influences student teachers’ professional vision of classroom management. Future research could also compare auditive contrasting cases with video-based cases to determine which cases are more likely to initiate student teachers’ professional vision at the beginning of their studies with low cognitive load. However, further studies should examine the extent to which the productive failure effect can be replicated. Performing such studies could address the question of how the effect occurred in the context of our study, although previous studies in the field of educational science found contrary results (Glogger-Frey et al., 2015, 2022). In addition, the effect found in Study 2 would have to be verified in a follow-up with a larger sample and with students from different institutions.

In Study 2, the IA experimental group had better results in the follow-up test. The reasons for this difference between the two groups are currently speculative. A further study should examine the differences in more detail. Such a study could, in particular, investigate whether deeper cognitive processes had occurred in the IA group, a suggestion put forward but not substantiated in our previous studies (Wedde et al., 2022, under review). For this purpose, a further study would have to be conducted to determine the reasons for the better performance of the IA experimental group. Nevertheless, we were able to demonstrate that auditive teaching examples are appropriate for promoting professional vision of classroom management among first-year students. These examples reduced the complexity of the analysis during the acquisition phase. Whether this reduction in complexity also succeeds in bringing the significance of language into focus when novices analyze teaching situations must be examined in further studies. To this end, it would be necessary to specifically examine in the posttest and follow-up to what extent the study participants refer to language elements in their professional vision and use these to interpret the visuals (Sabers et al., 1991).
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