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Abstract
In educational research, there are promising findings which suggest it is useful 
to have students work on a task before instruction takes place. This also involves 
using task formats that follow the principle of comparison with and without pre-
defined categories. To date, few studies have evaluated the learning processes 
induced by comparing contrasting cases before instruction takes place. As com-
paring requires further analytic cognitive processes, such as recognizing, differen-
tiating, and organizing, a construct based on analytic competence was developed 
to evaluate 149 student teachers’ task solutions using qualitative content analysis. 
One experimental group compared cases using self-generated categories (inven-
tion activity); the other group was given categories to compare the cases (worked 
solution). After comparing the cases, the students were introduced to classroom 
management, a topic that is relevant for prospective teachers. The purpose of this 
task was to acquire knowledge about and develop a professional vision of class-
room management. In addition, to evaluating participants’ task solutions, a stan-
dardized questionnaire was used to collect data on the extrinsic and intrinsic cog-
nitive load of the students. Students in the worked solution condition achieved 
significantly higher analytic solution quality and experienced significantly lower 
intrinsic cognitive load than students in the invention activity condition. Both ex-
perimental groups perceived an average low extrinsic cognitive load. 
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Vergleichen kontrastierender Fälle in  
Problem-Solving first Aktivitäten:  
Erkenntnisse zur analytischen Bearbeitungsqualität

Zusammenfassung
In der Lehr-Lernforschung gibt es vielversprechende Befunde, nach denen es sinn
voll erscheint, Lernende eine Aufgabe bearbeiten zu lassen, bevor die Instruktion 
erfolgt. Dabei kommen auch Aufgabenformate zum Einsatz, die dem Prinzip des 
Vergleichens mit und ohne vorgegebene Kategorien folgen. Bisher liegen wenige 
Studien zur Auswertung von Lernprozessen vor, die durch das Vergleichen kon-
trastierender Fälle ausgelöst werden, bevor die Instruktion erfolgt. Da Verglei
chen analytischer kognitiver Prozesse wie erkennen, differenzieren und organisie-
ren bedarf, wurde ein Konstrukt basierend auf der Analysekompetenz entwickelt, 
um 149 Aufgabenbearbeitungen von Lehramtsstudierenden mittels qualitativer 
Inhaltsanalyse auszuwerten. Eine Experimentalgruppe verglich die Fälle mittels 
selbstentwickelter Kategorien (Invention Activity), die andere Gruppe erhielt Kate
gorien, um die Fälle zu vergleichen (Worked Solution). Nachdem die Studieren-
den die Fälle verglichen hatten, erhielten sie eine Einführung in das für angehende 
Lehrpersonen bedeutsame Thema Klassenführung. Ziel der Aufgabe war es Wis-
sen zu Klassenführung zu erwerben sowie die professionelle Wahrnehmung von 
Klassenführung anzubahnen. Zusätzlich zur Auswertung der Aufgaben wurden 
mithilfe eines standardisierten Fragebogens Daten zur extrinsischen und intrin-
sischen kognitiven Belastung der Studierenden erhoben. Die Studierenden in der 
Bedingung Worked Solution erreichten eine signifikant höhere analytische Bear-
beitungsqualität und empfanden eine signifikant geringere intrinsische kognitive 
Belastung als die Studierenden in der Bedingung Invention Activity. Beide Experi
mentalgruppen nahmen eine durchschnittlich geringe extrinsische kognitive Be-
lastung wahr. 

Schlagworte
Analytische Bearbeitungsqualität, Invention Activities, Worked Solutions, kogni-
tive Belastung, professionelle Wahrnehmung
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1.	 Introduction

Research on teacher education has studied the effectiveness of different task for-
mats in initiating meaningful learning processes for student teachers. Two promis-
ing task formats are invention activities and worked solutions at the beginning of a 
new learning unit, which, however, have been little researched. An invention activ-
ity is a learning method in which learners are asked to generate a solution to a giv-
en task by working with contrasting cases. Subsequently, the instruction phase in-
volves presenting the canonical solution and instruction on the new topic (Schwartz 
et al., 2011). This task format is based on the problem-solving prior to instruction 
approach and is considered promising for raising epistemic curiosity, activating 
prior knowledge, and enabling awareness of knowledge gaps at the beginning of a 
learning unit (Loibl et al., 2017). Worked solutions involve learners being presented 
with a sample solution to the contrasting cases, which they must study whilst work-
ing on the task (Renkl, 2014). 

To date, research on invention activities and worked solutions has mainly fo-
cused on learning outcomes, the quality of the solution, and aspects such as epis-
temic curiosity or extraneous cognitive load. Different aspects of solution quality 
were evaluated in those studies. To compare contrasting cases, learners have to rec-
ognize relevant features, arrange them accordingly, and relate them to each other 
in the given task. These cognitive processes have not been analyzed in studies on 
solution quality regarding invention activities. The focus of this study is the analysis 
of these cognitive processes by using an in-depth approach called analytical solu-
tion quality. This construct is based on the analytical competence since the cogni-
tive processes when comparing contrasting cases are based on analytical processes 
(Plöger et al., 2020).

The task at hand contains two audio classroom examples focusing on classroom 
management. Young teachers often experience difficulties with effective classroom 
management in their teaching practice (Chaplain, 2008). Therefore, this task aims 
to promote knowledge about classroom management as well as a professional vision 
of classroom management. Professional vision is a situation-specific cognitive skill 
that mediates between dispositions, professional knowledge and affect motivation, 
and classroom performance (Blömeke et al., 2015; Blömeke & Kaiser, 2017). Thus, 
professional vision should already be promoted in university as it functions as a 
mediator between professional knowledge and classroom performance. 

Until now, no research on teacher education has examined whether comparing 
a successful teaching example to a less successful teaching example is more bene-
ficial when the comparison is based on a set of provided criteria (worked solution) 
or self-generated criteria (invention activity). Therefore, from the framework of an-
alytical competence (Plöger et al., 2020), we derived a model to analyze the teacher 
students’ comparison processes. By coding student teachers’ solutions, more insight 
will be gained into the comparative processes of contrasting cases of learners. Data 
from an introductory lecture in educational studies were used to gain insights on 
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which learning format is more effective. Additionally, we combined the coded data 
with data on the extraneous and intrinsic cognitive load. 

2.	 Invention Activities and Worked Solutions 

Although the meta-analyses by Alfieri et al. (2013), Apthorp (2010), and Marzano 
et al. (2001) identified that compare-and-contrast activities have a high learning 
impact on learning at school and university, other formats that integrate compari-
son activities into invention activities have been shown to yield better learning out-
comes than the simple identification of similarities and differences (Chi et al., 2012; 
Chin et al., 2016). Overall, invention activities promote the acquisition and transfer 
of conceptual knowledge in particular (Loibl et al., 2017).

In comparisons between invention activities and other formats, the cognitive 
load theory is often considered. According to some scholars, the problem-solving 
prior to instruction approach induces excessive cognitive load, especially amongst 
beginners, which hinders learning processes (Kirschner et al., 2006). Therefore, 
worked solutions are often chosen as the second experimental condition for com-
parison with invention activities, as working with worked solutions presumably re-
sults in lower cognitive load. Cognitive load is divided into extraneous and intrinsic 
cognitive load. Extraneous cognitive load does not contribute to learning and refers 
to the cognitive load associated with the design of the task and its materials (Swell-
er et al., 1998). A study involving eighth graders showed that the group who com-
pleted an invention activity perceived significantly more extraneous cognitive load 
than the group who worked on a worked solution (Glogger-Frey et al., 2015). In 
contrast, our previous study found no differences in perceptions of extraneous cog-
nitive load between the two experimental groups (Wedde et al., 2021). 

Besides extraneous cognitive load, intrinsic cognitive load, which is dependent 
on learners’ prior knowledge and element interactivity, is also used to assess the 
effectiveness of a learning process (Sweller et al., 1998). In general, element inter-
activity refers to the complexity of the learning material. More specifically, it refers 
to elements that learners must simultaneously process in their working memory to 
complete a task; for example, in mathematics, these elements include the number 
of arithmetic operations that need to be kept in working memory to solve an equa-
tion (Ashman et al., 2020).

Several studies in problem-solving prior to instruction research have reported 
inconsistent results (e. g. Glogger-Frey et al., 2017; Loibl et al., 2020). Other stud-
ies, which did not compare the invention activity with a worked solution condition, 
attributed positive learning outcomes to invention activities (e. g. Chi et al., 2012; 
Chin et al., 2016; Schwartz et al., 2011). However, research has demonstrated that, 
in comparison to invention activities, worked solutions may lead to better learning 
outcomes for both student teachers and students (Glogger-Frey et al., 2015; Glog-
ger-Frey et al., 2022). In their study of tenth- and eleventh-grade students, Chen et 
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al. (2016) reported that problem-solving led to better learning outcomes when el-
ement interactivity was low and worked solutions led to better learning outcomes 
when element interactivity was high. High element interactivity means that learners 
would be cognitively overloaded and effective learning would be hindered. Howev-
er, when element interactivity was low, formats based on the problem-solving prior 
to instruction approach were more suitable (Ashman et al., 2020). When element 
interactivity was high, studies favored worked solutions (Chen et al., 2016; Glog-
ger-Frey et al., 2015). Therefore, Ashman et al. (2020) recommended placing direct 
instruction before problem-solving formats when element interactivity was high. 
Overall, results on the effectiveness of invention activities have been inconsistent. 
Intrinsic cognitive load, and thus also the level of element interactivity, may be one 
explanation for differences in study results. Thus far, most studies have been con-
ducted in science and mathematics and generally in school contexts. 

Different aspects of solution quality have been evaluated in several studies. For 
example, Loibl and Rummel (2014) verified the agreement between the number of 
items in task solutions with those of a canonical solution. The experimental condi-
tions in their study differed from those in our project. One group was tasked with 
developing a solution and was equipped with contrasting cases as guidance whilst 
the other group had to invent solutions without guidance in the form of contrast-
ing cases. The researchers found the group that received guidance in the form of 
contrasting cases generated better solutions than the one that did not receive extra 
support. Moreover, Glogger-Frey et al. (2015) assessed the appropriateness of task 
solutions only for invention activities, not for worked solutions. In addition, Wied-
mann et al. (2012) categorized and assessed answers according to the mathematical 
concept to be learned. Their study focused on group compositions for working on 
the tasks. Therefore, it did not include a worked solution experimental condition. 
One finding from their study was that high-quality solution attempts were related to 
the outcome in the posttest. 

3.	 Modelling Analytical Solution Quality

Since comparing cases contains analytical and classification activities (Hilker, 
1962), the construct of analytical solution quality used in this study was based on 
Plöger et al.’s (2020) model of analytical competence and related considerations. 
Comparatively evaluating auditive teaching examples requires analytical compe-
tence. It was, thus, assumed that analytical and comparative processes cannot be 
regarded as distinct from each other; rather, comparative processes are based on 
analytical processes. Hence, as a task format, comparison can also be understood as 
training to improve the analytical competence of prospective teachers. 

According to Plöger et al. (2020), analytical competence is defined as the abili-
ty to perceive and evaluate the quality and learning effectiveness of observed class-
room teaching. The analytical competence consists of two dimensions: the content 
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dimension, which consists of the knowledge facets of pedagogical knowledge and 
content knowledge, and the formal dimension, which the researchers called com-
plexity of information processing. In the present study, we only refer to the formal 
dimension to assess the analytical quality of students’ solutions. The stages of the 
formal dimension reflect an increasing degree of complexity in information process-
ing. Plöger et al.’s (2020) study yielded consistent results: experts achieved higher 
competence in the analysis of lessons than novices.

Based on the expertise paradigm (Berliner, 2004), the following considerations 
were included in the model of analytical competence and are essential to the con-
struct of analytical solution quality. First, experts are more likely to notice deep fea-
tures of teaching, such as student learning, the interaction between teacher and stu-
dents, and classroom management strategies. Novices are more likely to observe 
surface features such as the media used in class or the form of social interaction 
(Berliner, 2004; Wolff et al., 2016). It is assumed that surface features  – in con-
trast to deep features – are directly observable. Studies have shown that learning is 
more related to deep features than to the surface features in teaching (Kunter et al., 
2013). Comparing successful and less successful examples potentially enables stu-
dent teachers to understand that teaching effectiveness depends on deep features 
rather than surface features, provided that aspects of these deep features are varied 
in the examples. For classroom management, deep features refer, for example, to 
the management of disruptions, the linking of rules and instruction, or the orga-
nization of transitions. Surface features refer to more obvious aspects of classroom 
management, such as the existence of rules and routines (Wedde et al., 2022). 

Second, experts and novices differ in their observation processing (Plöger et al., 
2020). Experts can recognize the complexity of teaching and thus categorize indi-
vidual actions and situations as part of a larger context. This ability is due, in par-
ticular, to their highly developed knowledge (including case knowledge). Novices, 
on the other hand, tend to perceive lessons in parts and thus view situations and 
actions independently of the lesson’s overall context (Carter et al., 1988; König et 
al., 2014). Based on these considerations, the levels of analytical solution quality are 
outlined below.

Comparing contrasting cases involves more cognitive processes than simply 
“comparing” (e. g. recognizing, inferring, differentiating, organizing, generating; 
Anderson, 2014). It can be understood as an activity that encompasses observa-
tional, analytical, and classifying tasks and can be described as relational think-
ing (Hilker, 1962). Thus, a reference ratio is established between the objects to be 
compared. There can be sameness, resemblance, or dissimilarity between them. Ta-
ble 1 summarizes different comparison models including Hilker’s (1962) and Bere-
day’s (1964)2 four steps of comparison for comparative education, Wilcke and Bud-
ke’s (2019) model for geography education, and also the model developed in this 
study as described below. Hilker’s (1962), Bereday’s (1964), and Wilcke and Budke’s 

2	 Adick (2018) indicated that Hilker and Bereday’s models of comparison were developed 
in parallel but included the same steps.
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(2019) models were used to develop the construct of analytical solution quality (see 
Table 1). This construct aims at gaining a better understanding of the comparison 
processes of contrasting cases in invention activities.

Table 1:	 Steps of Comparison in Different Models 

Step Hilker (1962) and  
Bereday (1964) Bereday  
Comparative education

Wilcke and Budke (2019)
Geography education

The model presented in this 
study Educational studies

1 Description Developing a question Description

2 Interpretation Determining units of com-
parison

Classification into categories

3 Juxtaposition Definition of variables for 
comparison

Juxtaposing

4 Comparison Juxtaposing similarities and 
differences

Summarization

5 Weighing comparison vari-
ables, developing connections 
between units of comparison 

and deriving explanations

Conclusion

6 Evaluating the results and an-
swering the question

The construct of analytical solution quality comprises five levels that represent the 
comparative depth of task solutions: (1) description, (2) classification into cate-
gories, (3) juxtaposition, (4) summarization and (5) conclusion (see Table 1). The 
steps follow the assumptions described in Commons et al.’s (1998) model of hier-
archical complexity. To reach a higher step, the preceding steps must be executed. 
Thus, the execution of the higher steps results from connecting lower steps. The 
individual steps are interrelated in a non-arbitrary way and build on each other. 
This interrelationship increases the degree of complexity of information processing 
across the individual steps. 

In this section, the steps of the comparison process are described for classroom 
management, the subject chosen for this project. Similar to Hilker (1962) and Bere-
day (1964), we also consider description to be the first step in comparison. Descrip-
tion means that students can refer to individual situations or actions that are direct-
ly related to classroom management. These descriptions can be actively included in 
the comparison. This step refers to the surface structure of teaching, meaning that 
the learners first describe on a surface level what they have perceived. 

The second step, classification into categories, concerns the deep structure of 
teaching. In this step, perceived aspects that have already been described are clas-
sified into concepts related to student learning. In other models of comparison, the 
aspects to be compared are also classified into categories. Wilcke and Budke (2019) 
described this process in the step of juxtaposing similarities and differences, whilst 
Hilker (1962) used a similar description of juxtaposition for comparative education 
and regarded it as the first stage of actual comparison. In our construct, this step 
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involves students matching situations and actions to categories. In this step, they 
can, thus, assign situations and actions to techniques or features of classroom man-
agement and organize and process the information at a higher level. 

The third step, juxtaposing, means that different situations and actions from the 
examples are compared related to each other and that their effects and consequenc-
es are appropriately assessed and evaluated. This step transcends mere classifica-
tion into categories. It is desirable for students to consider the different perspec-
tives of and the dynamic between teacher and students. 

Summarization is similar to the fifth step in Wilcke and Budke’s (2019) model, 
in which connections must be made between units of comparison (i. e. the materi-
al to be compared). In this step, for our research, a brief summary is drawn about 
which of the two auditive lesson examples represented a better use of classroom 
management strategies. The step also includes a final evaluation of perceived ac-
tions and classroom management situations. 

The final step in Hilker (1962) and Bereday’s (1964) model, comparison, encom-
passes the fourth and fifth steps in our construct and involves summarizing and 
generalizing results. In Wilcke and Budke’s (2019) model, the last step also involves 
the evaluation of results, which is similar to the fourth step in our construct, sum-
marization. 

Conclusion is based on and follows the evaluation in the summarization. It en-
tails assessing and evaluating individual actions and situations, particularly with re-
gard to learning effectiveness. Thus, actions were not considered in isolation but 
rather alongside other actions as part of a larger context. Finally, effective class-
room management strategies were to be identified for one’s own teaching practice. 
The fifth step, conclusion, is particularly important for practical relevance in teach-
er education. Student teachers presumably learned effective techniques for their 
own teaching practice from the presented examples.

The models of comparison operate at different levels. Hilker (1962) and Bere-
day’s (1964) model aims to yield scientific knowledge, whilst Wilcke and Budke’s 
(2019) model focuses on increasing students’ competence and expanding students’ 
geographical knowledge. By contrast, our construct aims to promote analytical com-
petence amongst students (and, by extension, a professional vision of classroom 
management) and introduce effective classroom management techniques through 
the comparison of two practical classroom examples. 

Young teachers often face difficulties in applying effective classroom manage-
ment strategies (Chaplain, 2008). Therefore, promoting a professional vision of 
classroom management could enable prospective teachers to recognize actions that 
benefited or hindered learning in the classroom at an early stage (noticing) and to 
interpret them in a theory-based manner (knowledge-based reasoning) to react ap-
propriately to the situation (Gold et al., 2020; Sherin, 2007). These two interrelat-
ed, knowledge-based sub-processes are part of teachers’ professional competence 
(Sherin, 2007) and considered to be trainable (Stürmer et al., 2013). To notice and 
interpret relevant events in the classroom, teachers need declarative, conceptual, 
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and case knowledge (Berliner, 2001; König et al., 2014; Stürmer et al., 2013). By 
working on the task within the problem-solving prior to instruction approach, stu-
dents first gain case knowledge by comparing the two auditive classroom examples. 
During the subsequent instruction, declarative as well as conceptual knowledge 
about classroom management is promoted. Thus, a professional vision of classroom 
management, and thus also the analytical competence, is developed. There is some 
evidence to show that comparison positively affects how professional competence 
is acquired (Heemsoth & Kleickmann, 2018): Comparing effective and less effective 
teaching examples improves lesson planning competence in the area of physical ed-
ucation and supports the development of constructivist beliefs.

There are several models of professional vision with different facets of compe-
tence. Comparing the steps in our construct with facets of competence from differ-
ent models of professional vision allows common features to be identified. In Sherin 
and van Es’s (2009), Seidel and Stürmer’s (2014), and Gold et al.’s (2016) mod-
els, the first step is describing. Other aspects of these models include evaluating 
and interpreting (Sherin & van Es, 2009), and explaining (Seidel & Stürmer, 2014). 
These aspects are also found in the steps of analytical solution quality. Therefore, it 
is assumed that comparing auditive teaching examples can promote a professional 
vision amongst students.

4.	 Research Questions 

The objectives of the present study were two-fold. First, it aimed to determine the 
analytical quality of solutions developed by students in the two experimental condi-
tions, invention activities and worked solutions. Second, the study aimed to deter-
mine differences in perceptions of extraneous and intrinsic cognitive load between 
participants in both experimental conditions and the relationship between intrinsic 
cognitive load and analytical solution quality. To this end, we formulated the fol-
lowing research questions:

1.	 How do the experimental conditions, invention activities, and worked solutions 
differ in terms of analytical solution quality?

2.	 How do the experimental conditions, invention activities, and worked solutions 
differ in terms of extraneous and intrinsic cognitive load?

3.	 Is there a correlation between intrinsic cognitive load and analytical solution qual-
ity?

For the first research question, we assumed that there would be differences between 
the experimental conditions: worked solutions (WS) and invention activities (IA). 
The WS group received more support during the task than the IA group because its 
participants were provided with a set of predefined categories. Thus, the following 
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hypothesis was developed: Participants in the WS group will achieve a higher ana-
lytical solution quality than those in the IA group (H1).

Although we did not find a difference regarding extraneous cognitive load be-
tween the two experimental groups in a previous study (Wedde et al., 2021), from 
a theoretical point of view, there might be a difference between both experimental 
groups, as also confirmed by Glogger-Frey et al. (2015). Therefore, we assume that 
students of the IA group perceive higher extraneous cognitive load than students 
in the WS group (H2a). Due to the large number of elements (i. e. the dimensions 
of classroom management, which were initially unknown to participants) and si-
multaneous processes that students had to contend with during the task, we as-
sumed that there would be a high level of element interactivity, especially for the 
IA group, where participants had to generate their own categories. Therefore, we 
assumed that there would be a higher intrinsic cognitive load for the IA group than 
for the WS group (H2b). This difference could have had an impact on possible com-
parison processes during the task and thus on the quality of the analytical solution. 
We, therefore, formulated the following hypothesis for the third research question: 
There is a negative correlation between intrinsic cognitive load and analytical solu-
tion quality for the overall sample, such that the higher the intrinsic cognitive load, 
the lower the analytical solution quality (H3). 

5.	 Method

5.1	 Sample

The sample consisted of 149 student teachers (65.8% female) in the introductory 
phase of their studies at the University of Kassel, Germany. Only cases for which 
analytical solution quality and the cognitive load scale were available were selected 
from the total sample (N = 256). Therefore, 53 cases (41.1%) were removed from ex-
perimental group IA and 54 cases (42.5%) were removed from experimental group 
WS. Thus, a similar number of cases were removed from both groups, χ2 (1) = 0.54, 
p = .82. The participants were randomly assigned in nearly equal proportions to the 
two experimental conditions: 76 students were assigned to the IA group (67.1% fe-
male, age: M = 22.3, SD = 4.85), whilst 73 students were assigned to the WS group 
(64.4% female, age: M = 21.4, SD = 4.80).

5.2	 Research Design 

The current experimental study was conducted in the context of an introductory 
course in educational studies of the teacher training program during the 2020–2021 
winter term.3 Participants in both groups were tasked with comparing two audi-

3	 Due to the COVID-19 pandemic, the course was held online via video conferencing.
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tive teaching examples. Afterwards, process variables’ data were collected. Overall, 
working on the task and completing the questionnaires took 90 minutes, equivalent 
to one session (see Figure 1 for an overview of the data collection process). 

Figure 1: 	 Two Experimental Conditions in the Problem-Solving Prior to Instruction 
Approach

Invention Activity 
N = 76 

Worked Solution 
N = 73 

Phase I 

Comparing auditive classroom 
examples with self-generated 

categories 

Comparing auditive classroom 
examples with given categories 

Data collection of process variables and demographic data, including 
extraneous and intrinsic cognitive load 

Phase II Instruction and canonical solution 

5.3	 Treatment

In this study, two auditive lesson examples were used as contrasting cases. Stu-
dents were asked to listen to segments of constructed teaching examples. The sec-
ond auditive classroom scene presented successful use of classroom management 
strategies by a teacher, whilst the first auditive classroom scene presented a less 
successful use of such strategies. Before listening to the two classroom scenes, the 
students could gain an overview of the task. They could listen to the two cases as 
often as they liked. All students had 60 minutes to complete the assignment. They 
wrote down the results of their comparison. The task differed between the two ex-
perimental conditions: After listening to the two auditive classroom examples, stu-
dents in the IA group were asked to generate categories to classify the teacher’s 
level of classroom management and then compare the examples according to these 
categories. There was no minimum number of categories that students had to gen-
erate. By contrast, students in the WS group were provided with categories (i. e. 
managing transitions, rules, routines, communication by the teacher, and managing 
disruptions) and asked to compare the two auditive classroom examples according 
to those pre-defined categories. The two classroom examples provided for the WS 
group differed in all the given categories. In another study, we evaluated how many 
categories the two experimental groups each compared on average. The experimen-
tal group WS mentioned more categories for both auditive classroom examples than 
the experimental group IA (Wedde et al., 2022; see Figure 2). 

It can be assumed that working on the task required a high level of element in-
teractivity, as students had to rely on their listening skills to process the classroom 
examples. In addition, the topic of classroom management was addressed, of which 
they presumably had little prior knowledge as first-year students. Thus, they first 
had to recognize situations that were relevant to classroom management, then clas-
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sify them into categories. Therefore, although students in both groups were expect-
ed to process simultaneously several elements, a higher element interactivity was 
assumed for the IA experimental condition due to the challenge of the students hav-
ing to develop their own categories. 

In the professional development of student teachers, contrasting cases are a 
method of illustrating the link between theory and practice. For classroom man-
agement, it can be useful to present contrasting cases to make less successful strat-
egies salient compared to pedagogical valuable strategies. Since student teachers 
have spent many hours in classrooms during their own time in schools, they have 
experienced many different applications of classroom management strategies. By 
analyzing contrasting cases, they become aware of pedagogically valuable and effec-
tive strategies when strategies of an experienced teacher are contrasted to strategies 
of an inexperienced teacher (Wedde et al., 2022). 

5.4	 Instruments

5.4.1	 Depth of Comparison Scale

The analytical analysis was performed using the construct of solution quality. With-
in this, we differentiated between analytical and content-related solution quality 
(see Figure 2; Wedde et al., 2022). For the purposes of this study, we focused on 
analytical solution quality. Analytical solution quality serves as an indicator of the 
quality of the learning processes induced by the task of comparing contrasting cas-
es. Therefore, the focus is on capturing the learning processes induced by the task 
rather than on the competence that may be acquired through the task.

Figure 2:	 Construct of Solution Quality
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On the basis of the levels of analytical solution quality, five categories were de-
rived to be coded for in the students’ solutions. Those categories indicate the depth 
of the analytical level of the solutions (see Table 2). These five categories were de-
fined and described in a coding manual. Additionally, for each of the categories, 
negative indicators and anchor examples were given. Based on this coding manual, 
two trained coders performed the qualitative content analysis. Qualitative content 
analysis is characterized by a systematic process that aims to assess and evaluate 
cases to be analyzed based on selected categories (Mayring, 2015). 

Table 2:	 Categories of the Coding Manual 

Step Condition Definition

1 Description Reproduction of classroom situations and/or actions relevant to 
classroom management

2 Classification
into categories

IA
2a

References to classroom situations and/or actions from both exam-
ples based on self-generated classroom management categories for 
comparison

WS
2b

Collection of specific and relevant classroom management actions 
and/or situations from both examples according to the given catego-
ries

3 Juxtaposition Comparison of both examples using the self-generated or given cat-
egories

4 Summarization Development of summaries based on the comparative analysis of 
which of the two examples represented a better use of classroom 
management strategies

5 Conclusiona Development of conclusions on the comparative analysis of learning 
effectiveness in both teaching examples and benefits to students’ fu-
ture teaching practice

Note. Step 2 is divided into two steps, each relating to the two experimental conditions.
aConclusion was not included in the scale as this step was not found in the students’ solutions.

The categories were individually coded for the students’ entire texts in a semi-ho-
listic manner (Schipolowski  & Böhme, 2016). The two coders performed the anal-
ysis of the 149 solutions separately. Due to the heterogeneity of the task solutions, 
there were some discrepancies between the codings. To ensure the reliability of the 
approach, a value was agreed upon for non-matching values with subjective assess-
ment and, if necessary, the category definition was adjusted (Guest et al., 2011).

In a second step, all coded categories were transformed into numbers, which 
were derived from the coding of individual steps. Only if a step was achieved was 
one point given. Resultingly, a solution could be assigned to several steps. In 
line with the assumptions outlined above, it was necessary for a lower step to be 
achieved before achieving a higher step, and a total of five points could be assigned 
for the five steps. For example, to achieve step 3, it was also necessary to achieve 
steps 1 and 2, so three points were given. On this basis, the scale “depth of com-
parison” was created. The higher the value on the scale, the deeper the compari-
son. Thus, the scale was ordinal in nature. Based on the given points, a sum score 
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was created (Plöger et al., 2020), and the scale was evaluated as an interval scale 
(α = .73).

5.4.2	 Cognitive Load

After completing the task, participants were asked to rate extraneous and intrinsic 
cognitive load on a scale from 1 (“strongly disagree”) to 6 (“strongly agree”). Four 
items were used to measure extraneous cognitive load (α = .68, e. g. “The task was 
very unclear.”). Intrinsic cognitive load was measured with three items (α = .86, e. g. 
“The topics covered in the podcasts were very complex.”). The scales were based on 
Leppink et al.’s (2013) instrument and adapted to the present study. Leppink et al.’s 
(2013) instrument was based on Sweller et al.’s (1998) definition of extraneous and 
intrinsic cognitive load. 

5.4.3	 Professional Vision of Classroom Management

To ensure comparability of the two experimental groups, we assessed the profes-
sional vision of classroom management three weeks before treatment. For this pur-
pose, we used a standardized video-based online test. This variable indicates a co-
efficient of agreement with an expert rating from 0 to 1 (Gold & Holodynski, 2017).

5.5	 Data Analysis

For the instruments, mean values and standard deviations were calculated. To ex-
amine differences between the two groups, t-tests for independent samples were 
conducted. Experimental condition (IA or WS) was the independent variable, and 
depth of comparison, extraneous or intrinsic cognitive load was the dependent vari-
able. In addition, a Pearson correlation coefficient was calculated for the correlation 
between depth of comparison and intrinsic cognitive load. A significance level of .05 
was used for all analyses. 

6.	 Results 

Neither the experimental group IA (M = .34, SD = .19) nor WS (M = .38, SD = .18) dif-
fered significantly at pretest in their professional vision of classroom management, 
t(144) = -1.32, p = .19.

In accordance with Hypothesis 1, there was a highly significant difference in 
depth of comparison between the IA and WS experimental conditions, which was 
associated with a large effect size, t(146.938) = 4.60, p  <  .001, d = 0.75. Depth of 
comparison was higher for the WS experimental condition than for the IA exper-
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imental condition (see Table 4), which confirmed Hypothesis 1. These differences 
were also evident from the individual steps on the depth of comparison scale (see 
Table 3). Indeed, the differences were noticeable as early as the first step, descrip-
tion. In addition, slightly more than half of participants’ task solutions reached the 
second step, classification into categories, whilst nearly a third reached the third 
step, juxtaposition. The fourth step, summarization, was achieved by less than 10% 
of participants. Overall, more participants in the WS group than in the IA group 
reached the higher steps of the scale.

Table 3:	 Descriptive Statistics of the Individual Coded Categories 

Depth of comparison

WS IA Overall

N % N % N %

Description (1) 62 84.9 44 57.9 106 71.1

Classifying into categories (2) 57 78.1 30 39.5 87 58.4

Juxtaposition (3) 28 38.4 17 22.4 45 30.2

Summarization (4) 9 12.3 3 3.9 12 8.1

Conclusion (5) 0  0  0

Note. The lower steps of the scale must be reached before higher steps. Step 5 was not found in the solu-
tions.

The results from extraneous cognitive load investigations show that students of 
both experimental groups perceived similar extraneous cognitive load (see Table 
4). Thus, there was no significant difference between the two experimental groups, 
t(137) = -0.19, p = .85. Consequently, Hypothesis 2a must be rejected. There was a 
significant difference in intrinsic cognitive load between both experimental groups, 
which was associated with a small to medium effect size, t(143) = -2.15, p = .03, 
d = 0.35. Hence, Hypothesis 2b was confirmed. Although participants in the WS 
experimental condition reported a lower intrinsic cognitive load on average than 
those in the IA experimental condition (see Table 4), all participants scored on the 
lower range of the intrinsic cognitive load scale. 

Even though the groups showed significant differences in both intrinsic cogni-
tive load and depth of comparison, the correlation between these constructs was not 
significant, r = -.04, p = .34, N = 145, one-tailed. Additionally, the correlations for the 

Table 4:	 Means and Standard Deviations for Depth of Comparison and Cognitive 
Load 

Variable WS IA Overall

M (SD) M (SD) M (SD)

Depth of comparison 2.14 (1.16) 1.24 (1.23) 1.68 (1.27)

Extraneous cognitive load 1.65 (0.72) 1.63 (0.64) 1.64 (0.68)

Intrinsic cognitive load 2.09 (0.87) 2.40 (0.95) 2.25 (0.93)

Note. Items on the extraneous and intrinsic cognitive load scale are rated from 1 (“does not apply at all”) to 
6 (“applies completely”), whilst sum scores on the depth of comparison scale range from 0 to 4.
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WS group, r = -.03, p = .40, N = 69, one-tailed, as well as for the IA group, r = .08, 
p = .25, N = 76, one-tailed, were not significant. Therefore, Hypothesis 3 was reject-
ed. 

7.	 Discussion and Conclusion

In this study, a construct was presented to determine analytical solution quality for 
IA and WS in a task that involved comparing two auditive classroom examples. This 
construct aimed at evaluating learning processes induced by comparing contrast-
ing cases. With regard to the first research question, the results demonstrated that 
the WS group achieved a significantly higher analytical solution quality than the IA 
group. However, participants in the overall sample tended to reach only the lower 
range of analytical solution quality. These findings align with those of Plöger et al. 
(2020), in which novices demonstrated a lower level of analytical competence than 
experts. In addition, these results also align with research on expert teachers: Nov-
ices tend to examine situations independent of context, whereas experts tend to ob-
serve and classify lessons more comprehensively (Carter et al., 1988).

For the second research question, participants in the WS group perceived sig-
nificantly less intrinsic cognitive load during the task than those in the IA group. 
This result was in line with our expectations; higher element interactivity was as-
sumed for IA since no categories were provided for comparison and students had 
to classify the situations according to their own assessments and ideas of classroom 
management. Due to this classification task and their low prior knowledge of class-
room management, they had to process simultaneously more elements than the WS 
group. 

No significant difference was found between the two groups regarding extrane-
ous cognitive load. In one of our previous studies, we came to the same finding, al-
though a different study found that the invention activity tended to result in high-
er extraneous cognitive load than the worked solution (Glogger-Frey et al., 2015). 
Extraneous cognitive load was low for both experimental groups, indicating that, 
despite its complexity, the task itself did not contribute to irritation or overload 
among students. 

However, contrary to our expectation that high element interactivity would re-
sult in high intrinsic cognitive load (Ashman et al., 2020), overall intrinsic cognitive 
load was low for the entire sample. Possible explanations for this finding include 
the methods used in the data collection or the time at which participants’ intrin-
sic cognitive load was surveyed. In future studies, cognitive load could be assessed 
using fewer abstract items, and it needs to be assessed during working through the 
task and not after finishing the task. Items should be more specific regarding the 
task, e. g. in terms of inventing categories or working with given categories. 

For the third research question, the correlation between intrinsic cognitive load 
and analytical solution quality was not significant. Since so many of the students 
never reached step 2, classification into categories, and finished at the descrip-
tion stage, it is questionable whether we measured intrinsic cognitive load with our 
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scale. This would mean that some of the students were not engaging in the learning 
process nor relating items to each other, which could have resulted in intrinsic cog-
nitive load. It would also explain why intrinsic cognitive load and analytical solution 
quality are not significantly related.

Nevertheless, it remains uncertain whether high analytical solution quality is as-
sociated with better learning outcomes. A future study will examine whether IA and 
WS are effective task formats for comparing two contrasting auditive classroom ex-
amples to promote a professional vision of classroom management. Other studies 
that examined the problem-solving prior to instruction approach reported mixed 
results on the relationship between solution quality and learning outcomes (Loibl & 
Rummel, 2014; Wiedmann et al., 2012). 

Since Plöger et al. (2020) indicated that analytical competence is a two-dimen-
sional construct, a formal dimension and a content-related dimension, we also 
coded for the content-related dimension of solution quality. Results from a previ-
ous study showed that the student teachers’ solutions contained overall low con-
tent-related solution quality (Wedde et al., 2022). The results of the present study 
were similar. Both our studies have shown that the WS group demonstrated slightly 
higher quality than the IA group.

It can be considered a limitation of this study that no knowledge test was used 
to elicit prior knowledge about classroom management. We only assumed that the 
first-year teacher students had a low prior knowledge of classroom management. In 
future studies, prior knowledge about classroom management needs to be assessed.

Since the results from this study demonstrated that neither the IA nor the WS 
group achieved a particularly high level of analytical solution quality, the task 
should include support for future students by providing scaffolding. Findings from 
another study indicate that scaffolding can lead to better learning outcomes for in-
vention activities (Holmes et al., 2014). Although the present study only examined 
the analytical dimension of solution quality and more research is needed to evalu-
ate learning effectiveness, the results demonstrate that our construct is suitable for 
assessing depth of comparison and thus analytical solution quality for invention ac-
tivities and worked solutions. Further research is needed to examine whether the 
construct analytical solution quality can capture the learning processes of compar-
ing contrasting cases in other domains where research is predominantly on prob-
lem-solving prior to instruction. 

Overall, this study contributes to the research on task formats in problem solv-
ing prior to instruction. It has enabled the integration of the task formats invention 
activity and worked solution into teacher education, where there has so far been lit-
tle research on the formats. It also showcases an innovative approach to evaluating 
comparative activities with contrasting cases during the problem-solving phase, the 
analytical solution quality.
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