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Cognitive student activation describes the mental stimulation of learners to engage in a deeper mental investigation of the subject matter within the learning context. Based on the “Angebots-Nutzungs-Modell” (Supply-Use Model), a lesson that is cognitively activating can be understood as a learning opportunity provided by the teacher, which learners can make use of based on their individual ability. This paper focuses on the side of the users, i.e., the cognitive activity of students during phases of collaborative work. Based on a videotaped English lesson of a 10th-grade class (N = 18), low- and medium-inference, indicator-based coding and rating systems were used to investigate the micro level of student-teacher and student-student interactions. The focus of the analysis was to examine triggers of student’s individual high cognitive activity during group work phases. After a basic coding to achieve a precise description of students activities, the level of cognitive activity in selected sequences was coded by a medium-inference rating system. Subsequently the sequences in which a student’s cognitive activity had previously been rated as high were assessed in a content analysis (Mayring, 2015) to determine what triggered a particular phase of high cognitive activity. Analyses show that the students are cognitively engaged at varying degrees and at different times. It is interesting to note that high cognitive activity is not necessarily interrelated with the frequency of verbal participation. Even students with little verbal participation several times exhibit high cognitive engagement. This can be attributed to different aspects and triggers: On the one hand, students are cognitively activated by working with the material and by stimuli provided by the teacher. On the other hand, they engage in cognitive activity among themselves by asking one another questions or by benefiting from the discussion between other group members.

Keywords: classroom teaching research, basic dimensions of teaching quality, cognitive activity, cognitive activation, video analysis


INTRODUCTION

Cognitive activation, one of the three basic dimensions of teaching quality (Klieme et al., 2006), is regarded in the discourse on teaching quality in the German-speaking countries as a significant factor for initiating student learning processes (e.g., Klieme et al., 2001; Kunter and Trautwein, 2013; Fauth et al., 2019; Kleickmann et al., 2020; Praetorius et al., 2020b). Its effects are well documented empirically (e.g., Pauli et al., 2008; Lipowsky et al., 2009; Kunter and Voss, 2013; Fauth et al., 2014b). Existing studies, however, focus primarily on task types and teacher activities (e.g., Seidel et al., 2006; Pauli et al., 2008; Kleinknecht, 2010; Lotz et al., 2013). Video-based studies often offer overall judgments of cognitive activation potentials based on an entire lesson or teaching unit, but in general fail to examine cognitive activation and the resultant cognitive activity (Fauth and Leuders, 2018) at the individual level. However, this latter aspect is of special interest if one seeks to take the holistic nature of these learning processes into consideration (Praetorius and Charalambous, 2018). Based on the supply-use model1 (Helmke, 2012), therefore, the question is whether and how the impulses for cognitive activation (supply) are taken up and processed by the students (use).

The present paper focuses on the cognitive activity of students at the micro level of teacher-student and student-student interaction on the basis of a videotaped English lesson in the tenth grade. We observed individual students during phases of group work and focused on behaviors that allowed us to draw conclusions about their cognitive activity. Using low and medium inference coding and rating systems, we explore the question at what moments individual students exhibit high cognitive activity in the course of group work. Subsequently, we analyze the reasons why students engage particularly intensely with their subject at these specific moments, i.e., what the concrete triggers are that elicit individual cognitive activity.



THEORETICAL BACKGROUND

Identifying the characteristics of high-quality teaching is a core concern of teaching research and has been addressed and intensely discussed in multiple studies (for summaries, Hattie, 2009; Scheerens, 2013). The three basic dimensions of teaching quality (Klieme et al., 2006) have been the focus of special attention in German speaking scientific community (Praetorius et al., 2018, 2020b; Kleickmann et al., 2020). This model groups generic aspects of effective classroom teaching into three basic dimensions: “classroom management,” “supportive classroom climate,” and “cognitive activation.” There is definite overlap between these dimensions and the three components of the internationally discussed Classroom Assessment Scoring System (CLASS) (Hamre and Pianta, 2010), which are defined as “emotional support,” “classroom organization,” and “instructional support” (Praetorius and Charalambous, 2018; Praetorius et al., 2020b). Parallels can also be drawn with other models of international classroom research, such as the Australian Quality Teaching Model, which comprises the three dimensions of “intellectual quality,” “quality learning environment,” and “significance” (Amosa et al., 2007), or the Dynamic Model of Educational Effectiveness (Creemers and Kyriakides, 2010), which is widely applied in international research.

While the international discourse uses various concepts—such as “higher order thinking” (Newmann, 1988), “thoughtful discourse” (Brophy, 2002), “instructional support” (Hamre and Pianta, 2010), or “deeper learning” (Meyer et al., 2018)—the concept of “cognitive activation” has gained general currency in Germany (Kunter and Voss, 2013; Praetorius et al., 2018). Within the framework of the model of the three basic dimensions of teaching quality, cognitive activation is the dimension that describes the stimulation of students to a deeper mental engagement with the subject at a level that is optimal for individual learning (e.g., Kunter et al., 2005; Hugener et al., 2009; Leuders and Holzäpfel, 2011; Lipowsky, 2020). This is achieved on the one hand by means of a complex task that challenges learners to develop an independent solution (Hugener et al., 2007; Kleickmann, 2012; Fauth and Leuders, 2018; Lipowsky, 2020). On the other hand, the teacher’s supervision of task completion is significant (Lipowsky et al., 2009; Kunter and Trautwein, 2013). The teacher plays an active role by, for example, triggering cognitive conflicts, emphasizing differences in ideas and attitudes, or encouraging students to relate their answers to one another (Lipowsky, 2020). Furthermore, cooperative learning settings are assumed to be effective in stimulating students’ cognitive activities. The juxtaposition of different opinions might provoke cognitive conflicts, so as the collaborative discussion encourages the students to build up new concepts or redefine existing beliefs. Similarly, the verbalization of questions and explanations can be an effective method of elaboration (van Boxtel et al., 2000; Kunter and Trautwein, 2013; Kyndt et al., 2013; Bleck and Lipowsky, 2021). According to a constructivist interpretation of teaching and learning processes, however, the students’ uptake of learning opportunities is crucially important. In connection with the supply-use model (Helmke, 2012), teaching can, in terms of the theory of action, be regarded as the offer of an opportunity which becomes effective only when individual students make use of it. This use can be suggested, but not determined either by the offer or by the actions of the teacher (Klieme, 2019; Vieluf et al., 2020).

The supply-use model distinguishes conceptually between cognitive activation as an offer directed at students from the outside and between the students’ actual cognitive activity, i.e., the use which learners make of the offer (Fauth and Leuders, 2018). The term “cognitive activity” encompasses all the students’ learning activities (Fauth and Leuders, 2018, p. 5) in the context of engaging with the school subject. In the present paper, we focus on the user side, i.e., the individual cognitive activity of learners.


State of Research

The importance of cognitive activation for learning, students’ motivation and subject-specific interest has already been studied frequently in relation to different grade levels and diverse subject cultures, with a focus on mathematics and science subjects (e.g., Klieme and Rakoczy, 2003; Lipowsky et al., 2009; Kunter and Voss, 2013; Fauth et al., 2014b; Praetorius et al., 2018; Grünkorn et al., 2020).

The findings to date predominantly indicate a positive relationship between cognitive activation in the classroom and student performance (e.g., Klieme et al., 2001; Pauli et al., 2008; Lipowsky et al., 2009; Baumert et al., 2010). However, some studies report only a weak correlation or none at all between cognitive activation and learning achievement or the development of subject-related interest (e.g., Hugener et al., 2007; Fauth et al., 2014a,b; Praetorius et al., 2020a). Therefore, the picture that emerges of the impact of cognitively activating teaching is heterogeneous. This may be attributable to the differences in conceptualization and operationalization of cognitive activation as well as to the use of different methodological approaches (Leuders and Holzäpfel, 2011; Praetorius et al., 2018; Lipowsky and Bleck, 2019), which range from assessing the cognitive activation potential of tasks (e.g., Büchter and Leuders, 2005; Drollinger-Vetter, 2006; Kleinknecht, 2010; Baumert and Kunter, 2011) to surveying teachers and students (e.g., Baumert and Kunter, 2011; Fauth et al., 2014a) to analyzing classroom videos using high-inference rating procedures (e.g., Kobarg and Seidel, 2003; Lipowsky et al., 2009; Kleinknecht, 2010; Reusser and Pauli, 2010; Lotz, 2016; Grünkorn et al., 2020).

The divergent findings may also be explained by the fact that the effects of cognitive activation in teaching do not unfold until learners make use of the opportunity. The operationalization of cognitive activation by the teacher may not be sufficient to capture the level of information processing and the depth of the students’ intellectual engagement with the subject matter (Lipowsky and Bleck, 2019; Praetorius et al., 2020b).

In addition to analyzing the cognitively activating behavior of the teacher, some researchers have conducted surveys with students to include their perspective on cognitive activation (e.g., Baumert and Kunter, 2011; Fauth et al., 2014b). Some video-based classroom studies also take into account additional aspects, such as identifying the frequency, duration and nature of student contributions, in order to draw conclusions about the characteristics of cognitive activation (e.g., Seidel et al., 2003; Pauli et al., 2008; Stahns, 2013). It is unclear, however, to what extent these approaches to operationalization are suitable for validly assessing the cognitive activity of students in the classroom (Fauth and Leuders, 2018; Lipowsky and Bleck, 2019). Detailed analyses focusing on micro-processes of student engagement with the subject using videoed classroom observations are only available in isolated cases so far (e.g., Ranger, 2017; Grünkorn et al., 2020). These studies assess cognitive activity at classroom level and with respect to longer teaching units. They do not analyze the micro level of individual interactions, although it is precisely observation of individual engagement with the learning opportunity at specific moments of the learning process that could provide additional insights into the utilization and impact of cognitively activating teaching (Praetorius and Charalambous, 2018). It can be assumed that different learners make different use of cognitively activating elements depending on their individual prerequisites (Lipowsky, 2020) and that they therefore exhibit different intensities of cognitive activity at different points in time. Similarly, it can be assumed that a state of high cognitive activity cannot be sustained through an entire lesson and that phases of low cognitive activity alternate with phases of high activity.

Generally, the assumption when empirically observing cognitive activation is that the more pronounced the cognitive activation potential of the teaching, the more likely it is that students will display cognitive activity. What remains open is the question of what specifically triggers cognitive activity in the learning process for individual students. By taking the assumed effects of a cognitively activating instruction into account, triggers can be anticipated at the micro level of the interaction. Thus, it is conceivable that a verbal impulse from the teacher (e.g., Kleinknecht, 2010; Kunter and Trautwein, 2013; Lipowsky, 2020) or cognitively stimulating teaching materials (Büchter and Leuders, 2005; Drollinger-Vetter, 2006; Kleinknecht, 2010; Baumert and Kunter, 2011; Lipowsky, 2020; Herbert and Schweig, 2021) elicit cognitive activity in individual students. Similarly, exchanges in the context of group work can be assumed to trigger cognitive activity (e.g., van Boxtel et al., 2000; Kunter and Trautwein, 2013; Renkl, 2015; Hess and Lipowsky, 2020).



Research Questions

Of particular interest, but not addressed in the literature to date, is the question of how high cognitive activity is triggered in individual students at the micro level of interaction. To explore this issue, it is necessary to begin by identifying phases of high cognitive activity by individual students in the course of group work. Subsequently, the sequences can be analyzed to identify possible triggers for high cognitive activity. For the present paper, therefore, the following research questions arise:


1)To what extent does the level of cognitive activity vary from student to student in the course of group work? (RQ1)

2)What are the triggers of high cognitive activity at the micro level of teacher-student and student-student interactions? (RQ2)






MATERIALS AND METHODS


Sample

The research questions were studied using a videoed English lesson in the tenth grade of an integrated comprehensive school. The videos were created in the context of “Qualitätsoffensive Lehrerbildung,” a nationwide program promoting reforms in teacher training funded by the German Ministry of Education and Research. In a cooperative seminar on English teaching methodology and educational sciences forming part of the project “Das Lehr-Lern-Forschungslabor” (Teaching-learning research laboratory) at Johannes Gutenberg University of Mainz, a group of three teacher trainees developed lesson content as a cognitively activating learning unit. In close collaboration with the English teacher of the cooperating school, they put their self-developed materials into practice [in the so-called Teaching and Learning Research Lab (Groß-Mlynek et al., 2018)] and teach a 90-min English lesson in a tenth-grade class. Students worked in small groups of two or four. The group composition was self-selected by students, in some cases the teacher assigned individual students to their groups. Ecological validity was thus given, but no composition effects could be controlled. Each student had the use of a tablet for the duration of the learning unit. The aim of the lesson was to use an app to create a concept map (Novak, 2002) about the production process of a pair of jeans. The teacher encouraged the students to work in groups on a collaborative concept map, although it was not a strong prompt. The necessary information was taken from an English-language interactive website. It is assumed that concept mapping is especially conducive to cognitive activation because constructing a concept map requires an intense cognitive engagement with the contents of the task and challenges students to link elements of knowledge and integrate newly acquired knowledge into an overall context (Schroeder et al., 2018; Graf et al., 2021). The students were experienced tablet users and had been given an introductory lesson on the app and the concept mapping method prior to the exercise.

For each student, 56 min of video material from a group work phase was available. Two cameras were used to film the group tables from two angles to ensure that all their facial expressions and gestures were recognizable and that the tablets and all other teaching materials were visible at all times. A total of 18 students were videoed at five different group tables.

On the one hand, the videos serve as a basis for reflection on the performed lesson. On the other hand, we use the video material to address further research questions.



Analysis

Since mental engagement with the subject is not directly visible, observational studies are confined to drawing conclusions about individual cognitive activity by analyzing visible behavior, especially the verbalizations of the students. Therefore, the analysis of cognitive activity in group work phases is beneficial in two respects. Besides to the assumption that cooperative learning phases are cognitively activating (Kunter and Trautwein, 2013; Kyndt et al., 2013), learners are encouraged by communication in the group to verbalize mental processes, so that these become observable and accessible for analysis (cf. van Boxtel et al., 2000; Minnameier et al., 2015; Ranger, 2017). This does not rule out the possibility that learners are cognitively highly activated even during periods of individual work, but without externalization in the form of interaction with others, mental activity remains inaccessible to an outside observer. Thus, the present analysis focuses on observable student-student and teacher-student interactions.



Basic Coding

We began with basic coding of all the material in order to get an overview of students activities during the entire lesson. A low-inference category system with several levels was deductively and inductively developed for the purpose. Level 1 consists of interaction types in the categories “individual work,” “interaction with other students,” and “interaction with teachers.” The latter category also includes students’ interactions with the trainee teachers who supported the subject teacher in supervising group work. Level 2 comprises the students’ verbal and non-verbal activities, broken down into more nuanced categories: “explaining,” “asking,” “commenting,” “listening/observing,” “working on the material,” and “off-task” (see Supplementary Table 1).

As the basic coding was geared toward achieving a precise description of behavior at the individual student level in the course of the entire lesson, the coding used a time-sampling procedure with 10-s intervals (Hugener et al., 2006; Lotz et al., 2013). Categorization was performed separately for each student by two independent coders (student teachers at an advanced stage of their studies) who were trained by the team of authors. The video analysis program Mangold Interact (version 17.1.11.0) was used for coding and analyzing the data.

The interrater reliability of the low-inference coding of nominal scale variables was assessed in terms of the kappa coefficient (κ) (Cohen, 1960). The coding congruence of the reliability coefficients is very good at level 1 (0.89 ≤ κ ≤ 0.99) and level 2 (0.79 ≤ κ ≤ 0.89) (Wirtz and Caspar, 2002) (see Table 1).


TABLE 1. Interrater reliability.
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Rating: Level of Cognitive Activity

In order to take a closer look at individual cognitive activity in relation to the subject of the lesson, all sequences of the categories “explaining,” “asking,” and “commenting” (see section Basic Coding, Level 2) relating to the subject were subsequently selected. A 1-day training was held for the coding of the subject-specific sequences. Two project team members and one additional rater (student teachers at an advanced stage of their studies) coded the material. The interrater reliability yielded good congruencies (see Table 1).

The level of cognitive activity on the part of individual students in these subject-specific sequences was estimated using a three-level (high, medium, low) medium-inference rating system comprising 26 indicators. Based on Lipowsky (2020), various student behaviors suggesting high cognitive activity were incorporated into the rating system as indicators. These include verbalizations with which the learners explain their solution processes, exchange arguments, make references to other students’ contributions, refer back to prior knowledge, transfer their knowledge to other fields, formulate hypotheses and assumptions, ask questions about the subject matter, create comparisons, and draw conclusions. These indicators were supplemented with elaborated explanations according to Renkl (1997), who refers to the repetition of content in the student’s own words and to rephrasing interrelationships in order to help his or her peers to understand it (see Supplementary Table 2).

Phases with high cognitive activity (3) are characterized by a reflective engagement with information and by explanations of the students’ own thoughts and suggested solutions. Students arrange knowledge modules into a superordinate structure which creates links to other knowledge, so that an independent knowledge structure becomes discernible (Lipowsky, 2020). Phases of medium cognitive activity (2) are characterized by approaches indicating an independent engagement with the subject matter, but not one that goes into greater depth. For example, the student might state an approach to solving the problem without explaining it in detail or placing it into context with other aspects. Phases of low cognitive activity (1) comprise sequences in which a rather superficial engagement can be assumed. This may be the case when students adopt problem-solving approaches or arguments from their peers without further thought and do not contribute their own ideas. Stating that they do not understand something without making an effort to understand similarly indicates the absence of independent engagement with the subject matter (for examples see Supplementary Table 3).

The interrater reliability for cognitive activity was calculated using kappa statistics and indicated a good level of agreement (see Table 1).



Content Analysis and Coding: Triggers of Cognitive Activity

Subsequently, student-teacher and student-student interactions were exploratively studied at the micro level to understand what happens in the respective group before individual students exhibit high cognitive activity. For this purpose, the sequences in which a student’s cognitive activity had previously been rated as high (see section Rating: Level of Cognitive Activity) were assessed in a content analysis (Mayring, 2015). We went back up to 30 s to identify what triggered a high cognitive activity phase. On the basis of this analysis, various triggers were identified and clustered into four categories that we derived from theory and from the material. Subsequently, the four categories were inserted into a low-inference category system and the material was coded once again. The category system was developed by two project team members and then applied with help from another rater (student teacher) after a 2-day training period (for interrater reliability see Table 1).




RESULTS


Labeling Phases of Cognitive Activity

Two levels were considered during basic coding: On Level 1 (L1), we coded the times when students were interacting with others and when they were engaging in individual work. On Level 2 (L2) we examined interaction sequences more closely and differentiated between various activities (see section Basic Coding).

On Level 1, “type of interaction” (see section Basic Coding), it becomes clear that students are very different in the ways they respond to offers of cooperation embedded in the tasks assigned to them (Figure 1). While working on a joint concept map, students in groups 3 and 5 engaged in verbal and non-verbal interactions for significantly more than half the lesson time (55.98% and 71.43% respectively). In contrast, students in the other three groups interacted with other group members for only about one-quarter of the lesson time (between 20.48% and 28.14%), instead completing the task mostly by themselves (between 65.03% and 71.30%). In all groups, interaction with the teacher accounted for a relatively small proportion of M = 7.65% on average (SD = 2.52%).


[image: image]

FIGURE 1. Interaction type (L1) by student groups. 100% represents recorded teaching time per student group (M = 55.91 min, SD = 0.33 min). n.a., category not assignable (less than 1% per group). In the interests of clarity, figures under 5% are not shown.


An examination of the level of activities (L2) compared to total lesson time reveals that students in all groups were on-task and engaging with the material for over 83% of lesson time (Figure 2). Students in groups 3 and 5 exhibited high proportions of verbal (explaining, asking, commenting) and non-verbal (listening, observing) activities compared to the other groups. Overall, non-verbal activities represent a significant proportion of total interactions in all groups.


[image: image]

FIGURE 2. Activities (L2) by student groups. 100% represents recorded teaching time per student group (M = 55.91 min, SD = 0.33 min). n.a., category not assignable (between 0.37% and 1.95%). In the interests of clarity, figures under 5% are not shown.


There are also noticeable differences at the individual level of individual students (see Table 2). Students 2 and 4 in group 3 and student 2 in group 5 exhibit high scores (52, 54, and 65 sequences) in the “explaining” category. Of particular interest is student 4 in group 3, who was very active during group work and achieved the highest scores in her group in all categories of verbal activities (asking, explaining, commenting), but devoted the least attention to her fellow students in the form of non-verbal activities (listening, observing) compared to other group members. In contrast, student 3 in group 3 displayed little verbal activity, but was the most active participant (182 sequences) in the group process at the non-verbal level by primarily listening and observing. An examination of the students in the other group reveals similar patterns: Student 3 in group 1, student 2 in group 4, and student 2 in group 5 participated verbally in their group work particularly frequently (42.06% to 50.77% total verbal activities of asking, explaining, and commenting), while non-verbal activities predominated among the rest of the students with a frequency of over 60% to 86.26%.


TABLE 2. Verbal and non-verbal activities of students during interactions with the teacher or another student.
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Assessment of Cognitive Activity Level

Verbal activities (asking, explaining, commenting) account for 541 of a total of 1,697 sequences (see Table 2). 341 of the verbal sequences (63.03%) were related to the contents of the task and were rated in terms of the cognitive activity of the individual students. Overall, cognitive activity was assessed as high in 177 sequences (51.91%), medium in 133 sequences (39%), and low in 31 sequences (9.09%) (see Table 3).


TABLE 3. High cognitive activity for verbal activities related to lesson content.

[image: Table 3]
The percentage distribution of high, medium, and low cognitive activity sequences varies considerably from student to student. Some students, like S1 and S4 in group 3, show a very high percentage of utterances indicating high cognitive activity (69.57% and 74.58% respectively) compared to their fellow-students, indicating that the bulk of their engagement with the subject matter was on a high cognitive level. Others, such as S2 in group 5, predominantly exhibited a medium cognitive level; i.e., they displayed recognizable signs of an independent engagement with the lesson content but did not get into deeper learning processes. Sequences of low cognitive level were comparatively few in number across all students. S2 in group 2 (33.3%) and S3 in group 4 (45.45%) were conspicuous for interacting with their fellow-students particularly often for short questions about the lesson content, but these queries did not lead to a deeper engagement in the course of their interactions.

In an examination of the sequences of high cognitive activity in relation to all verbalizations referring to the subject matter, students S3 and S4 in group 4 stand out (see Supplementary Table 4). The absolute number of their verbalizations is almost equal (15 and 14 sequences respectively) and relatively low compared to their fellow-students. A comparison of the levels of their cognitive activity reveals significant differences. In the case of S3, 64.29% (9 of 14 sequences) of verbalizations related to the subject matter were rated as high cognitive activity, while the same applies to only 25% (3 of 12 sequences) of S4’s verbalizations. A similar pattern is evident in the two students of group 5. While both made a similar number of verbalizations relevant to the subject matter, 60% of S1’s verbalizations and only 42.62% of S2’s were assessed as indicating high cognitive activity (see Supplementary Table 4).



Identifying Triggers

Subsequently triggers were identified for the 177 sequences that had been identified as eliciting high cognitive activity (see Supplementary Table 4).

During content analysis, various triggers were clustered into four categories (see Supplementary Table 4):


(1)Individual engagement with teaching materials on the tablet

(2)Stimuli given by teacher

(3)Questions from fellow-students

(4)Observing fellow-students/listening



Category 1 describes individual engagement with the teaching materials on the tablet as a trigger for high cognitive activity (Drollinger-Vetter, 2006; Kleinknecht, 2010; Baumert and Kunter, 2011; Herbert and Schweig, 2021). Students decide on their own initiative to share their thoughts, and set off an exchange of knowledge within the group. Category 2 comprises classical cognitive activation by the teacher by asking questions, contrasting different opinions, or drawing attention to contradictions (Kleinknecht, 2010; Lipowsky, 2020). Category 3 includes impulses by questions from fellow-students, which are addressed either directly to a specific student or to the group in general (Kunter and Trautwein, 2013; Renkl, 2015; Hess and Lipowsky, 2020). While engagement with the subject matter is usually deliberately prompted by the teacher by means of hints or questions to which the teacher already knows the answer, questions from fellow-students are asked within a joint, open problem-solving process. Category 4 encompasses suggestions from students that elicit after observing other students activities and without recognizable direct verbal prompting. For example, a student who has not previously participated becomes involved after observing or listening to exchanges between two or more other students by contributing a supporting or contradictory argument.

High cognitive activity is observed most frequently (71 sequences) after individual engagement with teaching materials on the tablet (1). The second highest frequency of high cognitive activity in individual students (58 sequences) arise from students observing their fellow-students or listening to what they are saying (4). In 27 sequences, high cognitive activity is triggered by questions from fellow-students (3). In a similar number (21 sequences), impulses provided by the teacher (2) serve as the trigger.

S2 and S4 in group 3 and S2 in group 5 exhibit high scores (17, 19, and 17 sequences) in category 1. In these sequences, observable high cognitive activity is triggered by engagement with the teaching materials. S4 in group 3, additionally, exhibits a high score in category 4 (14 sequences). Thus, high cognitive activity is triggered equally often by engagement with the teaching materials and by observing or listening to exchanges between fellow-students. Similarly, S2 in group 5 is encouraged by fellow group members to a high level of cognitive activity relatively frequently (8 sequences) compared to other students. S1 in group 3 also stands out. This student’s high cognitive activity is almost exclusively triggered by questions from fellow-students (6 sequences) or observing fellow-students and listening to their discussion of the subject matter (9 sequences).




DISCUSSION

The basic coding shows that students spent the bulk of the group work phase engaging with the subject matter and are therefore cognitively active at least on a fundamental level. A total of 12 out of 18 students (three of five groups) chose to work on the task mostly independently (see section “Labelling Phases of Cognitive Activity”) and communicate with fellow-students in order, for example, to clarify their understanding of content or to solve technical difficulties. This typically results in short-term cooperation that do not point to a deeper joint engagement with the subject matter (see section “Assessment of Cognitive Activity Level”). A total of six students (groups 3 and 5) work together in close cooperation, creating a joint final product in their groups and being especially active verbally.

With respect to Research Question 1 (RQ1) we examine the extent to which the level of cognitive activity varies from student to student. We find that students with high verbal participation are assessed by the raters as exhibiting high cognitive activity in many sequences. At first glance, this could be taken as an indication that frequency of verbal participation correlates with cognitive activity. However, when one examines high-cognitive verbalizations in relation to overall verbal interactions, a different picture emerges. Some students who are assessed as displaying high cognitive activity in a particularly high absolute number of sequences (e.g., S4 in group 3) rank in midfield in terms of the ratio of their high-cognitive sequences to their overall verbalizations. Conversely, some students, like S1 in group 3 and S2 in group 5, are less verbally active than the rest of their group, but a large proportion of their infrequent verbalizations are assessed as indicative of high cognitive activity. Thus, assessing the cognitive activity of students in terms of the frequency of their verbal contributions yields an incomplete impression (Pauli and Lipowsky, 2007; Lipowsky and Bleck, 2019). A qualitative assessment as given here for individual student contributions to determine depth of engagement with the subject matter facilitates a detailed look at cognitive activity in specific sequences, resulting in a more nuanced picture.

In a further step we examined the sequences in which individual students displayed high cognitive activity in order to identify possible triggers at the micro level of student-teacher and student-student interaction (RQ2). Four categories of triggers emerged. Category 1, individual engagement with the teaching materials on the tablet, is the most frequent trigger of high cognitive activity in individual students; this finding confirms the relevance of cognitively activating exercises (Drollinger-Vetter, 2006; Kleinknecht, 2010; Baumert and Kunter, 2011). Category 2 reflects the role of the teacher in cognitive activation, which has already been pointed out in other studies (e.g., Clausen et al., 2003; Reusser and Pauli, 2010; Lotz, 2016; Grünkorn et al., 2020). Thus, it can be shown that the teacher and the trainee teachers succeed in prompting high cognitive activity in individual students by asking questions and making comments during the group work phase. It should be stressed that this applies only to individual students; not all students are equally receptive to cognitively activating impulses provided by the teacher. Additionally, the data show that students cognitively activate one another during the group work phase. Thus, the available findings support previous assumptions about the potential of cooperative learning phases for cognitive activation (Kunter and Trautwein, 2013; Renkl, 2015; Hess and Lipowsky, 2020). In these phases, direct questions by fellow-students (category 3) serve as triggers of high cognitive activity, while additional cognitive activation results from observing and listening to fellow-students (category 4), i.e., by an initially passive participation in the exchanges of other group members. An examination of triggers at the level of individual students shows that some students are particularly susceptible to stimulation by certain triggers, supporting the assumption of differential use of learning opportunities depending on individual prerequisites (Praetorius and Charalambous, 2018; Lipowsky, 2020). Overall the results confirm the theoretical assumptions and show that different stimuli can trigger high cognitive activity. It is interesting to note that a specific stimulus does not have the same effect on all students. The assumption that instruction with high cognitive potential leads to increased cognitive activity among students ignores the fact that individual students respond very differently to cognitively activating stimuli. With our differentiated rating for each student (instead of a global rating for a whole lesson or whole class), the individual handling of a potentially cognitively activating lesson is brought more into focus. However, since the individual student data is insufficient in three of five groups, we can only formulate conjectures in this regard, which need to be investigated in further studies. For example, additional variables for factors like performance level, motivation, interest in the subject matter, or group structures could be used to model mediating effects and better explain preferences for certain triggers.


Limitations

The explorative results of the present study must be taken in the context of our small sample of 18 students. The study should be extended to a larger sample and additional subjects and grades in order to verify the findings.

Since direct observation of students’ cognitive activity is fundamentally impossible, the question whether the underlying operationalization and the chosen rating system of the present study are suitable for validly recording cognitive processes must remain unanswered. The fact that cognitive activity can be inferred from the outside only by observing externalized verbalizations and visible behavior limits our perspective and excludes all mental processes that are not verbalized. Thus, it is impossible to conclude that low verbal activity implies low cognitive activity.

However, on the assumption that deeper learning goes hand in hand with appropriate verbalization, i.e., that successful in-depth engagement with the subject matter can be said to have taken place only if learners are capable of verbalizing their knowledge in a manner appropriate to those they are addressing (Meyer et al., 2018), students’ verbalizations can be interpreted as indications that cognitive activity has occurred. Nevertheless, the results of the present study should be taken exclusively as conclusions drawn from a possible manifestation of cognitive activity.

Furthermore, little supplementary information on the goals of the lesson and the students’ individual prerequisites was available, so that an informative contextualization of the analyzed lesson was possible only to a limited extent. An analysis of the concept maps would offer the possibility of assessing the impact of the students’ cognitive activity.

It should also be noted that, while the interrater reliability for assessing cognitive activity levels is satisfactory, it was sometimes difficult to distinguish between high and medium cognitive activity. High cognitive activity is characterized by an intensive engagement with the subject matter, while medium cognitive activity indicates the beginnings of an independent engagement that remains on a more superficial level (see section Rating: Level of Cognitive Activity). The transition from the beginnings of engagement to in-depth engagement, however, is gradual and cannot be clearly delimited, so that assessments of cognitive activity level can diverge at these points.

Another explanation for the difficulty of distinguishing between high and medium cognitive activity could be the fact that assessment of cognitive activity relating to the subject matter is conflated with the assessment of cognitive activity relating to the need to deal with a foreign language.

As an example, a verbalization relating to the subject matter may imply low cognitive activity if it simply repeats information; however, the student may still be engaging in high cognitive activity by virtue of communicating in the foreign language. Pirner (2007) argues that the greater challenge of communicating in another language causes the intensity of engagement with the subject matter to increase because cognitive activity in general is higher, citing indications confirming this assumption in his analyses of bilingual religious education (ibid., p. 47). Thus, we may conjecture that engagement with a foreign language is positively associated with cognitive activity in relation to the subject matter.

Another aspect that could limit the significance of the analyses is the composition of the groups (Kunter and Trautwein, 2013). The intensity of student interaction within the groups varies; for example, the decision by students in groups 3 and 5 to create a joint concept map causes them to engage in particularly intensive verbal exchanges (see section “Labelling Phases of Cognitive Activity”). One should not discount the possibility that, had the groups been put together differently, students would have displayed different behaviors and both our assessments of cognitive activity and our identification of triggers would have yielded different results.



Implications for Research and Teaching

The present approach of observing cognitive activity at the student level takes the students’ individuality into account. Cognitively activating teaching must be tailored toward their individual learning prerequisites. However, students differ not only in the prerequisites they bring to the classroom, but also in their learning processes, in which differences in their uptake of learning opportunities and in their resultant cognitive activity can be observed (Lipowsky, 2020). Cognitively activating elements such as exercise design and impulses provided by the teacher have different effects on different students, so that the use of varied cognitively activating impulses in the classroom appears advisable. The study of a larger number of sequences might enable the development of typologies to reflect the triggers or combinations of triggers causing particularly strong cognitive activation in individual students. Analysis of patterns could also be informative in determining when exactly cognitively activating phases occur.

To encourage mutual cognitive activation during group work phases, intensive exchanges among the students must be stimulated. Greater guidance from the teacher may be one way another may be creating a joint end product of achieving this (Cohen, 1986). From this perspective, it should be asked to what extent the tablets may have inhibited the cooperative construction of knowledge in the lesson we studied, since the availability of one tablet per child might easily tempt students to complete the tasks independently.
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FOOTNOTES

1 This framework model, widely known and frequently used in German educational studies, provides a schematic representation of the structural and processual properties of teaching. According to the model, teaching is an opportunity created by the teacher which students can utilize based upon their individual preconditions in order to achieve a specific learning outcome (e.g., Baumert et al., 2004; Seidel, 2014; Vieluf et al., 2020).
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S3 6 (2.84) 20 (9.48) 3(1.42) 182 (86.26) 211
S4 20 (12.27) 54 (33.13) 4 (2.45) 85 (52.15) 163
Group 4
S 1(1.37) 24 (32.88) 0(0) 8 (65.75) 73
S2 6(9.23) 26 (40.00) 1(1.54) 32 (49.23) 65
S3 5(8.93) 10 (17.86) 0(0) 1(73.21) 56
S4 12 (20.34) 2(3.39) 0(0) 5(76.27) 59
Group 5
Sl 3(4.29) 10 (14.29) 0(0) 57 (81.43) 70
S2 3(1.88) 65 (40.63) 0(0) 92 (57.50) 160
Notal 100(5.89) 416 (24.51) 25 (1.47) 1,156 (68.12) 1697

Figures are numbers of sequences (10 ).

Figures in parentheses represent the percentage of the stated activity compared to
total activities during interaction with the teacher or fellow-student.
Nstudent, SUM of all sequences of activity per student during interaction with the

teacher or fellow-student; total per row = 100%.
S1 to S4, students 1-4.
Nrotal, SUM Of all sequences per category.
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High Medium Low Total

Nsequences Percent Nsequences Percent Nsequences Percent Nstudent

Group 1

S1 2 (26.57) 5 (71.43) 0 (0.00) 7
S2 (40.00) 1 (20.00) 2 (40.00) 5
S3 12 (67.14) 9 (42.86) 0 (0.00) 21
S4 2 (33.33) 3 (50.00) 1 (16.67) 6
Group 2

S1 4 (40.00) 4 (40.00) 2 (20.00) 10
S2 4 (44.44) 2 (22.22) 3 (33.33) 9
S3 4 (40.00) 5 (50.00) 1 (10.00) 10
S4 0 (0.00) 2 (100.00) 0 (0.00) 2
Group 3

S1 16 (69.57) 7 (30.43) 0 (0.00) 23
S2 23 (50.00) 21 (45.65) 2 (4.35) 46
S3 2 (18.18) 4 (36.36) 5 (45.45) 11
S4 44 (74.58) 15 (25.42) 0 (0.00) 59
Group 4

S1 (33.33) 5 (65.56) 1 (11.11) 9
S2 15 (62.50) 8 (33.33) 1 (4.17) 24
S3 (64.29) 3 (21.43) 2 (14.29) 14
S4 3 (25.00) 3 (25.00) 6 (50.00) 12
Group 5

S1 6 (60.00) 4 (40.00) 0 (0.00) 10
S2 26 (42.62) 32 (52.46) 3 (4.92) 61
Nrotal 177 (561.91) 133 (39.00) 31 (9.09) 341

Nstudent, number of (10-s) sequences per student.

Figures in parentheses represent the percentage of the stated level (high, medium, low) compared to the total number of verbal activities relating to subject matter.
Nrotal, SUM of all sequences relating to subject matter grouped according to high, medium, and low cognitive activity for all students.

S1 to 84, students.
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Categories Nsequences PM K

(1) Relevance to subject matter (1/0) 541 87.42 -
(2) Cognitive activity (1-3) 340 - 0.74
(8) Trigger (1-4) 177 - 0.85

(1) Verbal activities relating to subject matter were dichotomously coded
(applies/does not apply).

On this basis, the percentage match (PM) between the coders was calculated.

k = Cohen’s kappa was calculated for (2) the three-level rating (low-medium-
high) of cognitive activity level and (3) the four categories for triggers of high
cognitive activity.

Nsequences, Number of sequences used in the calculation.
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