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Analyzing first-semester
chemistry students’ transactive
talk and problem-solving
activities in an intervention study
through a quantitative coding
manual
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!Chair of Chemistry Education, Faculty of Humanities, Social Sciences, and Theology, FAU Erlangen-
Nuremberg, Nuremberg, Germany, *?Chair of Inorganic Chemistry, Department of Chemistry and
Chemical Biology, TU Dortmund University, Dortmund, Germany, *Chair of Chemistry Education,
Department of Chemistry and Chemical Biology, TU Dortmund University, Dortmund, Germany

Introduction: During the COVID-19 pandemic, digital video conferencing formats
temporarily became the new norm at universities. Due to social distancing, these
environments were often the only way for students to work together. In the
present study, we investigated how first-semester chemistry students dealt with
new, challenging content, i.e., quantum theories of chemical bonding such as
molecular orbital (MO) theory, in such an unfamiliar collaboration environment.
Studies in the field of Computer-Supported Collaborative Learning (CSCL) suggest
that small groups working on complex tasks are particularly effective when
students actively build on the ideas and reasoning of their peers, i.e., when they
engage in transactive talk and when they structure their work on a metacognitive
level by following typical problem-solving patterns.

Methods: To operationalize these constructs, we developed a coding manual
through quantitative content analysis, that we used to analyze a total of N=77
students working together in 21 small groups on two consecutive tasks: the
creation of glossaries and the construction of concept maps on MO theory.
Our manual showed very good characteristics in terms of internal consistency
and inter-coder reliability. Based on the data obtained, it was possible to not
only describe the student’s transactive communication and problem-solving
activities, but to correlate it with other variables such as knowledge development
in MO theory, which allowed us to compare the two different collaborative
phases as well as different treatment groups.

Results and discussion: Students showed a higher proportion of transactivity
and problem-solving activities when constructing the concept maps than when
creating glossaries. In terms of knowledge gains, a multiple linear regression
analysis revealed that students in groups that derived consequences from their
collaborative work showed greater improvements than students who did not,
although the students’ prior knowledge remained the most influential factor. As
for the different treatments, our data did not reveal any noticeable difference
when students from a small group worked with either complementary or
identical material before collaboration, neither in terms of transactive talk nor
problem-solving patterns. All in all, we were able to develop and test a powerful
tool to quantify transactive communication and problem-solving activities in a
collaborative context.
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1 Introduction

In general, digital-collaborative approaches have proven to be well
suited for learning difficult scientific content (Kyndt et al., 2013). Such
difficult content may, for example, include quantum mechanical
theories of the chemical bond such as molecular orbital (MO) theory
(Brundage et al., 2023). From a socio-constructivist point of view, the
aim of collaborative learning scenarios is to engage learners in joint
discourse and knowledge co-construction in order to achieve
beneficial learning outcomes for each participating individual (Mercer
and Howe, 2012; Roschelle and Teasley, 1995). In theory, activity
within a pair or group can be considered as co-constructive when
learners share and discuss the ideas which they have constructed
individually before: Throughout this process, they may develop their
understanding of the topics at hand, create new ideas, negotiate
meanings of existing ones and integrate new information into already
existing knowledge structures (Gitje and Jurkowski, 2021; Webb,
2009; Webb et al., 2014). A central characteristic of knowledge
co-construction is that students may potentially construct knowledge
they would not have been able to on their own (Deiglmayr and
Spada, 2011).

1.1 Transactivity in collaborative learning
scenarios

According to Gitje and Jurkowski (2021), one essential
mechanism behind the effectiveness of collaboration is that it allows
students to engage with each other’s understandings of the matter at
hand, a process that Mercer and Howe (2012) call interthinking, i.e., a
coordinated activity centered around establishing, maintaining and
developing intersubjectivity. The latter refers to a form of cognitive
agreement on the meaning of concepts within a group (Berger and
Luckmann, 2011; Cooper-White, 2014; Mercer and Howe, 2012).
Building on this thought, transactive communication, or dialogs in
which learners build upon and develop previous contributions from
group discussion, serves this purpose of co-constructing a joint
solution to the task at hand from collaboration (Berkowitz and Gibbs,
1983; Vogel et al., 2023). Vogel et al. (2017) summarize multiple
benefits of transactive communication in small groups: In accordance
with Chi and Wylie’s (2014) ICAP framework, they argue that
transactive communication has two benefits on a socio-cognitive level:
First, contributions that add new ideas to the contributions of others
may increase the amount of knowledge and perspectives in the group
discussion. Furthermore, transactive activities can evoke socio-
cognitive conflicts between learners. Resolving these conflicts can lead
to a further increase in subject knowledge (Schwarz and
Linchevski, 2007).

Gitje and Jurkowski (2021) also report multiple instances, in
which transactivity was reported to positively relate to the results in
group processes, €. g., in young adults’ discussions of moral dilemmas
(Berkowitz and Gibbs, 1983), scientific problem-solving (Azmitia and
Montgomery, 1993), or test performance after partner work in
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educational psychology (Jurkowski and Hinze, 2015). In a study
conducted by Jurkowski and Héanze (2015), students who were trained
in producing transactive statements outperformed their peers who did
not receive such a training in a subsequent test on the topic. For that
reason, the degree of transactivity within a collaborative problem-
solving scenario might influence both the quality of the resulting
product as well as the learning progress that individual learners make
within this scenario (Gitje and Jurkowski, 2021; Vogel et al., 2023;
Webb et al., 2021).

When investigating transactive talk, three distinct forms can
be distinguished: self-references, low-transactive communication and
high-transactive communication (Gatje and Jurkowski, 2021; Noroozi
etal,, 2013; Teasley, 1997; Vogel et al., 2023).

1.1.1 Self-references

Students engage in transactive self-talk when they provide a
substantive justification or illustration for the ideas they put forward
or the progress they make. Although several authors (e. g. Gitje and
Jurkowski, 2021) argue that transactivity can only occur when
students refer to the ideas that others make, we decided to follow
along Berkowitz’ and Gibbs’ (1983) as well as Teasley’s (1997) broader
definition of the term which includes self-referential statements into
the transactive category. Bisra et al. (2018) were able to show that this
form of communication might also be beneficial for the further
development of learners’ conceptual understanding when working
together in pairs or small groups.

1.1.2 Low-level transactivity

In low-level transactive speech acts, students ensure that they have
correctly understood the thought process behind utterances from
group members by paraphrasing statements or asking direct questions
that aim at missing or more detailed explanations. Although, on the
group level, no new knowledge is constructed in this way, these acts
serve as a mechanism to integrate group knowledge into individual
cognitive structures. Thus, they can be beneficial to individual learning
(Gétje and Jurkowski, 2021; Zoethout et al., 2017).

1.1.3 High-level Transactivity

In contrast to low-level transactivity, students add new ideas when
they execute high-level transactive speech acts and thus progress the
co-construction of knowledge on the group level. Such acts include
expanding on ideas, asking critical questions or pointing out mistakes,
contrasting several multiple and joining together separate concepts
from the group discourse (Gitje and Jurkowski, 2021; Vogel et al.,
2023; Weinberger and Fischer, 2006).

1.2 Problem-solving processes in
co-constructive activities

Aside from transactive argumentation, the students’ problem-
solving skills also need to be considered when describing
co-constructive processes (Engelmann et al., 2009; Priemer et al.,
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2020; Webb et al., 2021). According to Funke (2012), problem-solving
requires learners to construct a mental representation of the problem,
which they then try to solve by integrating their prior knowledge
(Priemer et al., 2020). In this context, problems can be defined as
situations in which learners need to overcome an obstacle
(= problem) to achieve a goal state from a given state (Funke, 2012).
This requires both subject-specific knowledge as well as metacognitive
strategies (Priemer et al., 2020). According to Pdlya (1957, p. 5),
problem-solving in its simplest form consists of the following
four steps:

1 Understanding the problem
2 Devising a plan

3 Carrying out the plan

4 Looking back

Priemer et al. (2020) document that similar steps can be found in
other established problem-solving models. According to the OECD’s
(2013, p. 126) widely accepted (Priemer et al., 2020) operationalization
in the 2012 PISA study, problem-solving processes should start with
exploring and understanding the problem. The goal here is for
learners to build a mental representation of the information given to
them in the problem context. In a collaborative learning situation, it
is important for learners not only to understand the problem
individually, but to achieve a common understanding of the problem
situation at the group level (Vogel et al., 2023).

The second step in the PISA framework is the creation of a
situation or problem model from the problem situation (OECD,
2013, p. 126). If necessary, the problem needs to be translated into a
different representational format, e. g., by constructing tables,
drawing graphics or converting the problem into a symbolic or
verbal representation.

The third phase of a problem-solving process should include the
planning and execution of a solution (OECD, 2013, p. 126). The
planning phase involves defining or clarifying the goal, which is also
reflected in our first two categories. Furthermore, students should
divide the goal into sub-goals, devise a strategy to reach the goal state,
and execute it.

In the fourth phase of problem-solving, learners should monitor
their progress toward their (sub-)goal, detect possible obstacles and
react accordingly. The final phase includes a critical reflection of the
work process and product.

1.3 Research questions and hypotheses

Literature suggests that there should be a positive relation between
the development of students’ learning success and the quality of their
collaboration in small groups (Gétje and Jurkowski, 2021; Noroozi
et al,, 2013; Priemer et al., 2020; Vogel et al., 2023). However, these
results should be critically examined for their applicability to our study,
as many positive correlations were measured not in small groups, but
in paired work (e. g., Jurkowski and Hanze, 2010; Jurkowski and Hanze,
2015). Furthermore, at the time of writing this paper, we were not
aware of any studies investigating this in the context of the collaborative
construction of glossaries and concept maps on quantum chemistry.

For that reason, we try to answer the following research questions
throughout this paper:
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RQ1 How well do university students in each small group
collaborate when they create glossaries and concept maps on
molecular orbital theory together?

a  To what extent do students engage in transactive talk, i.e.,
refer to their own or each other’s ideas in their argumentation?

b To what extent do students structure the work process on a
level, ie., follow

metacognitive established  problem-

solving patterns?

RQ2 How is the quality of the collaboration in small groups (as
operationalized in question 1) related to the development of the
individual students’ content knowledge, taking into account their
prior knowledge before they start to collaborate?

Following along the literature discussed above, we hypothesize
there to be a positive relation between the development of students’
learning success and the quality of the students’ collaboration in
small groups.

Similar to the idea underlying the jigsaw method (cf. Aronson and
Patnoe, 2011), we hypothesize that an increase in positive
interdependence among students might also lead to an increase in
transactivity and meta-communication, when the students realize that
they need their peers to succeed in solving the problem presented to
them, i.e., to create a glossary or a concept map (Johnson and
Johnson, 1999).

One way to achieve this is by distributing the information needed
to address the problem among various group members, so that no one
person alone, but only the group as a whole, should be able to solve
the problem. We will investigate whether this division of information
positively impacts collaboration in the presented context in the
following research question:

RQ3 To what extent does collaboration differ between students
who work with identical or complementary material before the
group process in terms of

a ... transactive talk and problem-solving activities
in general?

b ... the influence of transactive talk and problem-solving
activities on the development of their concept knowledge?

2 Materials and methods

First, we present the intervention study in which we conducted
our analyses (section 2.1). In the second subsection 2.2, we describe
the development of a coding manual through quantitative content
analysis according to Doring and Bortz (2016, pp. 555-559), before
we finish with a principal component analysis (PCA) of our two scales
in subsection 2.3.

2.1 Design of the Intervention

The research questions were addressed within the framework of a
larger intervention study focused on molecular orbital theory, which
we conducted in early 2022 in Germany (Hauck et al., 2023a). Before
the intervention, students attended the introductory first-semester
lecture (General and Inorganic Chemistry, held by the second author
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of this paper). The lecture followed an Atoms-First approach, meaning
that students were confronted with quantum chemical content from
the beginning of their studies, starting with basic quantum mechanical
principles and finishing with molecular orbital (MO) theory (Chitiyo
et al., 2018; Esterling and Bartels, 2013) around December. Over the
Christmas break, the students could register to participate in our
intervention, which started right after the holidays. Students could
withdraw at any time or object to the processing of their data without
negative consequences. Prior to participation, each of them filled out
a declaration of informed consent, which contained important
information on data protection, data security, and the further
processing of data.

In January, the students took part in five seminar sessions (see
Figure 1). Due to the circumstances caused by the COVID-19
pandemic, all seminar sessions had to be held online. Accordingly, the
students did not work together face-to-face, but via video conference:
Although the presentations were given digitally in the first half of the
semester, the students had not yet collaborated with their peers in this
lecture. Furthermore, there were only few, if any, opportunities for
students to get to know their fellow students before the intervention
(Werner et al.,, 2021). For this reason, we carried out two team-
building activities in the first session of the study: To get to know each
other, students entered a Zoom breakout session with other members
of their small group and played a question game called “3 truths, 1 lie,”
where they had to make three true and one false statement about
themselves. The others had to guess which statement was the false one.

10.3389/feduc.2024.1423330

Whenever the students got together in small groups, they were
supervised by a moderator, e. g., a student assistant or a lecturer.

In this particular phase, the moderator led the students through
the question game, so that all of them were equally included. Later
on, the moderator’s tasks were to record phases in which the
students worked in small group, to help them with technical
problems, and to answer questions regarding the organization of the
intervention. At the end of this ice breaking activity, the students
had to decide for a team name and return to the meeting from their
breakout session. In the second step, the students participated in a
quiz competition against other small groups: The students took
turns to answer chemistry-related questions with the help of their
group members.

After the students visited the regular introductory chemistry
lecture, they participated in the intervention: First, they worked with
interactive learning videos by themselves and then created glossaries
and concept maps on MO theory to apply and structure their
knowledge. During that second phase, N="77 students were separated
into small groups of 3-5 students (see Figure 1 for a detailed overview
of the intervention structure) which form the sample for the research
presented in this paper.

In the first session (“pre”), we assessed the students’ prior
knowledge of general quantum chemistry and molecular orbital
theory with a self-developed questionnaire consisting of 29 closed-
ended (single-choice) and eight open-ended questions (Hauck
et al., 2023b).

( s N a )
Session 1 Introduction (10¢) Pre-Tests (60¢) Team Building
) Knowledge & Activities (35¢)
(105 min) Personal Variables
\_ \_ J . \_ )
( (o . (e N (e )
. Digital Learnin Mid-Test I (10¢) Mid-Test II (45¢
Session 2 gita g
: Environment Assessment DLE Knowledge
(120 min) (DLE, 65°%)
& g U\l .
( s ~ )
Session 3 Concept Mapping CMPII (75¢)
(120 min) (CMP, 459) Glossary: Key
min .
Practice Map concepts
\_ \ y " _/
a - )
Session 4 CMPIII (120¢)
. Concept Map on
(120 min) MO theory
\ J
- s )
Session 5 CMPI1V (60°) Mid-Test III (10¢) Post-Tests (50¢)
120 mi Presentation Assessment CMP Knowledge &
( min) ) Feedback
G 4
FIGURE 1
Structure of the five seminar sessions. In the first session, students receive an introduction, complete pre-tests, and participate in team-building
activities. In the second session, they work with a digital learning environment (DLE), assess it in Mid-Test |, and answer subject knowledge questions
for the second time in mid-test II. Sessions 3 to 5 are dedicated to the concept mapping process (CMP). In session 3, students first create a practice
map, then select and explain key concepts of molecular orbital theory in a glossary. In session 4, they transfer, structure, and link these concepts into a
concept map, which they present in session 5. Afterwards, students assess the CMP, complete a final subject knowledge questionnaire in the post-test,
and provide feedback on the entire intervention.
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As learners need to have at least some amount of prior knowledge
in order to effectively collaborate on complex tasks (Zambrano et al.,
2019), the co-constructive phase was preceded by an individual
constructive phase (Olsen et al., 2019). For that reason, the students
worked on a Digital Learning Environment (DLE) by themselves in
session 2. The DLE consisted of interactive learning videos which
covered fundamental quantum chemical principles of MO theory
(focus A), as well as the practical application of the theory (focus B),
i.e., the creation and interpretation of so-called MO diagrams. The
learning videos were developed based on the principles of the
Cognitive Theory of Multimedia Learning (Mayer, 2014) and enriched
with interactive elements to engage learners more actively and provide
immediate feedback, which has shown positive effects on learning
outcomes in numerous studies (Hattie, 2023). For a detailed
description of the videos and their development, see Hauck et al.
(2023a).

Afterwards, their knowledge on the topic was tested once again
through the same questionnaire (“mid”). In the following three
sessions, the students created glossaries and concept maps on MO
theory to apply their knowledge and link existing concepts. Finally,
they were tested a final time (“post”).

As summarized in Table 1, our sample consists of 41 female, 35
male, and one non-binary student (N=77). The overall majority of
them were first-semester students which graduated at a German upper
secondary school. About half of them were from a Chemical Biology
program, 20 studied Chemistry, and 14 aspired to become chemistry
teachers for upper secondary school. The remaining students studied
chemistry as a subsidiary subject, e. g. for a degree in mathematics
(B. Sc.).

In our investigation, we compared students who worked in two
different treatment groups (TGs):

TG1 About half of the students (n=39) worked together in 10
small groups of three to five students each to create glossaries and
concept maps. Every one of them watched identical interactive
videos beforehand.

TG2 The other half (n=38) also created glossaries and concept
maps in 11 small groups of three to five students each. However,
in the preceding phase, these students viewed two complementary
subsets of videos that corresponded to the two different foci of the

TABLE 1 Description of the sample (N =77).

Item Distribution

Gender 41 female, 35 male, 1 non-binary
Semester 72 first-semester students, 5 third-to sixth-semester students
Country of 75 students graduated upper secondary school in Germany

graduation and 2 students graduated abroad (language proficiency C1 and C2)
self-reported
German
language

proficiency

Field of study 20 students of Chemistry (B. Sc.), 38 students of Chemical
Biology (B. Sc.), 14 students of Chemistry Teaching for the

upper secondary level (B. Sc./B. A.), 5 others with Chemistry

as a subsidiary subject
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learning environment (A, quantum chemical basics vs. B,
application of MO theory). When combined, video variants A and
B contained the same content as the videos that treatment group
TG1 worked with. On their own, students who watched videos
corresponding to focus A were lacking the information on the
application of MO theory, which only their other group members
who worked with video variant B had, and vice versa for the
quantum chemical basics.

Within this paper, the separation of the students into these
intervention groups allows us to address research question RQ3 by
comparing TG1 (identical videos before the start of collaboration) and
TG2 (complementary videos).

We have previously published an in-depth investigation of the
students’ conceptual knowledge throughout the intervention (Hauck
etal, 2023b). There, we could show that the learning videos have been
very effective in influencing their knowledge of MO theory. However,
creating concept maps did not lead to a significant change in
conceptual knowledge when comparing mean knowledge test scores
for the entire sample. Furthermore, there seemed to be no difference
between the treatment groups on a macroscopic level. However,
should there be a difference between the groups concerning research
question RQ3a, then this would suggest that the development of each
student’s subject knowledge should be investigated in more detail,
which would be a further discussion point of this paper.

In the collaborative work phases, students returned to the same
small groups from session 1. Once again, we created Zoom breakout
sessions and assigned moderators to each of them. In contrast to the
team building activity, the moderators took a more passive role: To
guarantee standardized conditions, they did not answer any questions
regarding the method of concept mapping or the content. For that
reason, we showed a pre-recorded presentation to the students at the
beginning of each seminar session. These presentations contained
information on the organization of the session, methodological and
technical tutorials to create glossaries in Moodle (phase “CMP II” in
Figure 1) or Concept Maps via CmapTools (phase “CMP III” in
Figure 1), as well as an explanation of the tasks the students had to
work on during the session. After the introduction, the students had
the opportunity to ask questions in plenary, before working in their
breakout sessions. In each work phase, the moderator posted the task
in the Zoom chat, before the students chose a group member to share
their screen with and began working.

For our subsequent analyses, the moderators recorded the audio
and video of the creation of the glossary (phase “CMP II” in Figure 1,
75 min) and the construction of the concept map (phase “CMP III” in
Figure 1, 120 min), using the capture function in Zoom. The final data
set contains 42 videos, 21 from each phase. Each of these videos will
be investigated separately in its entirety, so that in the end, we will
obtain 42 ratings for each of our items, i.e., two ratings per group.

2.2 Development of the coding manual
through quantitative content analysis

Since the goal of this article is to relate both transactivity and
problem-solving behavior to students’ subject knowledge, a quantified
variable, we have chosen to investigate these constructs using
quantitative content analysis (Coe and Scacco, 2017; Doring et al.,

frontiersin.org


https://doi.org/10.3389/feduc.2024.1423330
https://www.frontiersin.org/journals/education
https://www.frontiersin.org

Hauck et al.

20165 Riffe et al., 2019, pp. 148-167) of the screen and audio recordings
of the collaborative phases from the intervention study presented in
section 2.1. We chose this method because it allows us to systematically
categorize and score our qualitative material through a coding process.
These quantified data can then be further processed using quantitative
statistical analysis methods and integrated with other variables such
as the students” subject knowledge (Coe and Scacco, 2017; Déoring
etal., 2016).

In accordance with Coe and Scacco (2017), this process can
generate either low-or high-inference data. The latter are produced
when the objective is to make non-observable deep structures
accessible for quantitative analysis, e. g. in the case of analyzing
transactivity in a collaborative learning situation, as we have done. In
our analysis, we followed the 12 steps of this method according to
Doring and Bortz (2016, pp. 555-559).

The first four steps, the development of research questions and
hypotheses; the design of the study; the sampling; and the preparation
of the data for analysis have already been covered in section 2.1 as well
as within this subsection.

2.2.1 Generation of categories from theory

The fifth step is to deductively design the coding manual, which
we originally created in German. Following research question RQ1,
we decided to develop two distinct scales: The first set of categories
consists of the three transactivity categories described in section 1.1:
self-references (category 1.1), low-level transactivity (1.2) and high-
level transactivity (1.3). The second set contains seven categories to
analyze the students’ problem-solving behavior in small groups as
described in section 1.2.

We want to distinguish between groups that plan carefully in
advance and those that start working without a plan and only realize
during the process that some of them might have a different
understanding of the task than other group members. The latter
would still be better than not establishing a common understanding
at all. However, this runs the risk of students working independently
instead of together. For this reason, we derive the following two
categories from the first problem-solving step, the exploration and
understanding of the problem, i.e., the creation of a glossary or a
concept map:

Students establish a common understanding of the task...

1 Before they start working on it,
2 While they are working on it.

The second step, the creation of a situation or problem mode,
corresponds to the tasks the students were given (“create a glossary
from the information in the interactive learning videos”; “transfer
your glossary into a concept map”). Therefore, we did not include a
category for this step in our coding manual.

Given that the creation of concept maps is quite difficult due to it
requiring both profound conceptual as well as metacognitive
knowledge (Haugwitz et al, 2010; Nesbit and Adesope, 2006),
we scaffolded the third problem-solving step, i.e., the planning and
execution of a solution, by including sub-goals. First, students should
transfer all terms from the glossary to the concept map. Second, they
were tasked to look for a way to arrange the concepts on the map and
third, link them with arrows. To represent this third phase, we derived
the following category:
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3 Students pre-structure their work process or discuss their
strategic approach before they start working on the task. On
the highest level, students discuss how to proceed before
beginning with a new work phase.

Category 4 operationalizes the fourth problem-solving activity,

monitoring of the work process:

4 Students structure their work process or discuss their strategic
approach while they are working on the task. On the highest
level, students actively monitor their work process and, if
necessary, react accordingly.

Finally, we included three items to investigate whether the
students followed the fifth step of problem-solving, a critical reflection
of their work process and product. We separated these two reflections
in categories 5 and 6. In category 7, we examine the extent to which
students not only reflect on their work but also draw conclusions for
their future actions.

5 Students reflect their work process or their strategic approach
after they have finished working on the task. On the highest
level, this reflection is done in an extensive and self-
critical way.

6 Students reflect on the product they created, i.e., their glossary
or concept map while they are working on the task or after they
have finished working on it. The criteria from the preceding
item also apply for the highest level in this one.

7 Students derive consequences for future learning processes
from their reflections or discussions. On the highest level, this
reflection is not limited to the contents of MO theory or to the
creation of glossaries and concept maps.

For each item, we derived a fundamental idea of what it should
measure as well as possible positive and negative indicators from the
literature presented in this article. Each item is rated on a 3-point
ordinal scale from 1 (students do not exhibit the described behavior)
to 3 (students fully exhibit the described behavior).

2.2.2 Inductive revision and pre-testing

During the development process, the manual was revised and
tested several times, corresponding to steps 6 and 7 of the
quantitative content analysis. A revision cycle always proceeded as
follows: The manual was applied to 2-4 videos by several raters.
These videos were recorded in a similar intervention we conducted
in early 2021, in which students who had attended the same lecture
a year earlier also created concept maps in small groups (cf. Hauck
et al., 2021). Afterwards, the raters came together, revised
ambiguous wordings, and replaced any indicators from the
literature with actual student statements that fitted the item, thus
creating anchor examples.

2.2.3 Rater training; analysis of reliability and
finalization of the coding manual; coding of the
entire sample

In the 8th and 9th step of the analysis process, we double coded a
random selection of eight videos (four videos which showed the
creation of a glossary and four that depicted the construction of a
concept map), corresponding to 19% of our total sample to check the
reliability of the manual. Using IBM’s SPSS software (version 29),
we calculated Cronbach’s Alpha to assess internal consistency between
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the transactivity and problem-solving items. Analysis of the double
coding resulted in an excellent correlation between the two coders
(ICCujust=0.952, cf. Koo and Li, 2016). In terms of internal consistency,
we obtained a good alpha-value for the transactivity scale (items 1.1
to 1.3 for both phases, ®=0.736) and an acceptable one for the
problem-solving scale (items 2.1 to 2.7 for both phases, a=0.664)
according to Cortina (1993). Due to these satisfactory results, no more
changes were made to the manual. Nonetheless, we discussed and
eliminated the differences in the ratings of these eight videos so that
they could be included in the subsequent overall sample. This was
necessary to obtain a sufficiently large sample for the
subsequent analyses.

Tenthly, we analyzed all remaining 34 videos, and we conducted
statistical analysis using SPSS. The final two steps, i.e., the statistical
analysis and the interpretation of data, will be described in the results
section of this article.

An English translation of the German manual can be found in the
Supplementary material of this article, including a comprehensive
description of our categories as well as explanations on how to
score them.

2.3 Principal component analysis of the
two scales

Before we analyzed our data against the background questions of
the research questions, we conducted a principal component analysis
to extract common factors and to look for possible dimensional
reductions. Our PCA reveals that all three transactivity items load on
a singular factor (see Table 2 for the corresponding correlation
matrix), so that no rotation or normalization is needed, and we can
assume there to be a common underlying latent construct
(Osborne, 2015).

Regarding the problem-solving items, two different factors can
be uncovered. The varimax rotated component matrix with Kaiser
normalization (Kaiser, 1958, see Table 3) illustrates that the items 2.5,
2.6, and 2.7 heavily load on the first factor; items 2.1 and 2.3 load on
the second one; and 2.2 and 2.4 correlate with both. This result is
interesting insofar as these three sets of items correspond to the three
different phases investigated: Items 2.1 and 2.3 refer to students’
activities before beginning to create their glossaries or concept maps;
items 2.5 to 2.7 relate to the students’ reflections after finishing; items
2.2 and 2.4, which load on both factors, pertain to strategies while
working. Although a reduction to two problem-solving factors would
be possible in principle, we refrain from doing so in view of the
ambiguous results for these two items, so that we retain seven separate
problem-solving factors. Another reason for our decision is the
potential loss of information if we reduce all seven items to two factors.

TABLE 2 Correlation matrix for the transactivity scale.

Item Correlation with
component 1

1.1 Self-references 0.77

1.2 Low-level transactivity 0.81

1.3 High-level transactivity 0.89

Extraction through PCA via SPSS.
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3 Results

In this section we will answer the research questions underlying
this paper. Subsection 3.1 contains the descriptive results for our
transactivity-and problem-solving items to subsequently address
research question RQ1. The necessary data basis for RQ2 is formed by
a multiple linear regression analysis in section 3.2. Finally, the chapter
closes with a quantitative comparison of transactive talk and problem-
solving patterns between students in treatment groups TG1 and
TG2 in order to answer research questions RQ3a and RQ3b.

3.1 Descriptive statistics

The data presented here correspond to research question RQ1:
Through a descriptive analysis of our ratings on the transactivity
(section 3.1.1) and problem-solving (section 3.1.2) scales,
we operationalize the quality of the students’ collaboration while they
worked in small groups to create glossaries (CMP II phase in Figure 1)

and concept maps (CMP III phase in Figure 1).

3.1.1 Transactivity scale

Table 4 illustrates the transactivity ratings for the phase in which
the students created glossaries.

Table 5 refers to the creation of concept maps in the CMP
III phase.

In both work phases, the students level of transactive
communication was assessed as high, which can be deduced from the
high mean scores: Not a single one is below 2.5 out of a maximum of
3 points and in no category in any of the two phases did fewer than
two thirds of all groups receive the highest score. Furthermore, the
amount of low-level transactive communication (item 1.2) was rated
as low for only one group in each of the two phases. No group showed
a low amount of self-referential (item 1.1) or high-level transactive
(item 1.3) speech acts in either phase. For the creation of the concept
map, all but one group’s high-level transactive communication was
rated at the highest level.

3.1.2 Problem-solving scale

Table 6 contains the ratings for the 7 problem-solving items for
the phase in which students created glossaries in small groups.

Table 7 shows the respective ratings for the concept-mapping
phase, CMP III.

Compared to the results on the transactivity scale, the ratings on
the problem-solving scale were more heterogeneous.

While working together to create a glossary, more than half of the
students frequently discussed the strategy they wanted to approach the
work process with before they started (item 2.3) or during the work
process (item 2.4); only one group did not do so at all. Beyond the
strategic approach, scores are much lower:

About one quarter of the groups took the time to establish a common
understanding of the task before they started working on it (item 2.1);
one quarter only partly did so; the remaining half of all groups
immediately began their work. If we take a look at the same activity
during the work process, the mean values are even lower with only one
group frequently negotiating their understanding of the task while
working on it (item 2.2). The same could be observed for the reflection
of the work process which only 3 student groups did in an extensive and
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TABLE 3 Rotated correlation matrix for the problem-solving scale.

10.3389/feduc.2024.1423330

ltem Correlation with component 1 Correlation with component 2
2.1. Discuss common understanding of task before starting to work 0.70

2.2. Discuss common understanding of task after starting to work 0.44 0.53

2.3. Structure work process before starting to work 0.79

2.4. Structure work process after starting to work 0.57 0.34

2.5. Reflect on work process 0.84

2.6. Reflect on product 0.76

2.7. Derive consequences for future learning 0.71

Extraction through PCA; varimax rotation with Kaiser normalization via SPSS. Coefficients below 0.30 are suppressed.

TABLE 4 Descriptive statistics for the transactivity scale (3-point ordinal scale), glossary creation (CMP Il phase).

Total amount Ratings on Ratings on Ratings on
of ratings level 1 level 2 level 3
1.1. Self-references 21 0 5 16 2.76 0.44
1.2. Low-level transactivity 21 1 6 14 2.62 0.59
1.3. High-level transactivity 21 0 6 15 271 0.46
Overall transactivity 63 1 17 45 2.70 0.49

M is the mean value across all ratings of the item; SD is the respective standard deviation.

TABLE 5 Descriptive statistics for the transactivity scale (3-point ordinal scale), Concept Map creation (CMP Ill phase).

Total amount Ratings on Ratings on Ratings on
of ratings level 1 level 2 level 3
1.1. Self-references 21 0 4 17 2.81 0.39
1.2. Low-level transactivity 21 1 5 15 2.67 0.56
1.3. High-level transactivity 21 0 1 20 2.95 0.21
Opverall transactivity 63 1 10 52 2.81 0.43

M is the mean value across all ratings of the item; SD is the respective standard deviation.

TABLE 6 Descriptive statistics for the problem-solving scale, glossary creation (CMP |l phase).

Total Ratings Ratings Ratings
amount onlevell onlevel on level
of ratings

2.1. Discuss common understanding of task before starting to work 21 10 5 6 1.81 0.87
2.2. Discuss common understanding of task after starting to work 21 15 5 1 1.33 0.58
2.3. Structure work process before starting to work 21 1 8 12 2.52 0.60
2.4. Structure work process after starting to work 21 1 7 13 2.57 0.60
2.5. Reflect on work process 21 14 4 3 1.45 0.75
2.6. Reflect on product 21 3 17 1 1.91 0.44
2.7. Derive consequences for future learning 21 12 8 1 1.48 0.60

M is the mean value across all ratings of the item; SD is the respective standard deviation.

self-critical way. Similar effects were shown for the in-depth reflection of
the glossaries (item 2.6) and the discussion of consequences for future
learning processes beyond the scope of MO theory and the creation of
glossaries itself (item 2.7), which only one group did.

Apart from item 2.1 (establishing a common understanding of the
task before beginning to work on it), all item’s mean values increase
by about half a point on the respective scale when creating the concept
maps, which means that students show a larger frequency of problem-
solving strategies compared to the creation of the glossaries
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beforehand. Once again, the highest mean ratings were given for items

2.3 and 2.4, covering the discussion of the strategic approach to the

task before and during the work process.

3.2 Regression analysis

With the analyses presented in this subsection, we aim at answering

research question RQ2: Following up on the results from sections 3.1

08
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TABLE 7 Descriptive statistics for the problem-solving scale, concept map creation (CMP Ill phase).

Total Ratings Ratings Ratings
amount onlevell onlevel on level
of ratings

2.1. Discuss common understanding of task before starting to work 21 14 4 3 1.48 0.75
2.2. Discuss common understanding of task after starting to work 21 6 10 5 1.95 0.74
2.3. Structure work process before starting to work 21 1 9 11 2.48 0.60
2.4. Structure work process after starting to work 21 1 1 19 2.86 0.48
2.5. Reflect on work process 21 9 5 7 1.91 0.89
2.6. Reflect on product 21 2 10 9 2.33 0.66
2.7. Derive consequences for future learning 21 7 10 4 1.86 0.73

M is the mean value across all ratings of the item; SD is the respective standard deviation.

and 3.2, we investigate whether the quality of collaboration within their
small groups influences the individual students knowledge
development throughout the creation of glossaries and concept maps.

For that reason, we conducted a multiple linear regression (MLR)
analysis: Independent variables consisted of the students’ content
knowledge prior to collaboration (“mid”-knowledge, MK, cf. Figure 1),
the averaged transactivity scores (TS) across all three items and both
collaborative work phases as well as all seven respective problem-
solving scores, which we also averaged across both phases to reduce
the complexity of our model against the background of the rather
small sample size of only 21 groups. As the dependent variable,
we chose the students’ content knowledge at the end of the
intervention (“post”-knowledge, PK).

After calculating the MLR, we checked our data set for possible
outliers. All studentized residuals were within the acceptable range
from -3 to 3 (Pope, 1976). None of the leverages exceeded the limit
calculated with the formula given by Igo (2010). All Cook distances
are smaller than 1 (Cook, 1979). Linear independency of residuals was
indicated by a Durbin-Watson value of 2.086 (Durbin and Watson,
1951). Furthermore, our studentized residuals were normally
distributed according to a non-significant Shapiro-Wilks test
(p=0.660). Using the variance inflation factor (VIF) criterion
according to Kim (2019), none of our items exceeded a value of 10, so
that we assume there to be no significant multicollinearity between
factors which could limit the power of the regression analysis.

The R? for the overall model was 0.722 (adjusted R*=0.685),
indicating a high goodness-of-fit (Cohen, 1988). Furthermore, an
analysis of variance [ANOVA, F(9)=19.329, p <0.001] shows that the
independent variables we selected are able to statistically significantly
predict the students’ learning outcomes at the end of the intervention.

Table 8 shows an overview of the regression coefficients, showing
that only the students ‘mid’-knowledge and the scores for item 2.7
(groups discuss consequences for future learning) remain as
significant influences in the model, whereas the ‘mid’-knowledge is by
far the stronger predictor of the two. Neither the transactivity score
nor other problem-solving categories significantly predict the student’s
post-test results.

3.3 Comparison of treatment groups

In the third and final subchapter, we address the third research
question RQ3a: By comparing two different treatment groups TG1
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(which we designed in a way that all students work with identical
learning videos in the preceding DLE phase) and TG2 (in which
different students from the same small group watched different videos
beforehand), we examine whether there are differences in transactive
talk or problem-solving patterns whether students enter collaboration
after watching identical (TG1) or complementary (TG2) videos before
beginning to collaborate by calculating unpaired Welch-tests (cf.
Rasch et al., 2011; Ruxton, 2006) for each variable for the creation of
glossaries (Table 9), concept maps (Table 10), as well as for the average
values between the two (Table 11). Although there are marginal
differences between some variables on the descriptive level, our data
indicates that none of them are statistically significant. Since there are
no differences between the groups in any category that could explain
possible differences in the influence of transactive communication or
problem-solving activities on the development of expertise, research
question RQ3b cannot be answered satisfactorily on the basis of the
present data set.

4 Discussion

Throughout this paper, we described the successful development
and implementation of a coding manual to quantify university
students’ transactive communication and problem-solving activities
while they created glossaries and concept maps on a difficult chemistry
topic, molecular orbital theory.

In section 2.2.3, we were able to demonstrate a sufficient degree of
reliability through satisfactory values for the inter-coder correlation
and the internal consistency of our two scales, so that we can conclude
that the manual is suitable for use in practice and to answer the three
research questions underlying the structure of this paper.

With research question RQ1, we wanted to investigate how well
students in our intervention were able to engage in transactive talk
(RQla) and to what extent they followed established problem-solving
patterns to structure their work on a meta-cognitive level (RQ1b).

Regarding RQla, we were able to measure very high amounts
of transactive talk across all phases. There was only one group in
which low-level transactive talk was rated on the lowest level in
both phases.

From our perspective as lecturers, this is a very desirable result,
because students exhibit desired behavior when they justify their own
viewpoints in group discussions, ask each other questions or
paraphrase the ideas of group members and expand on the
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TABLE 8 Results from multiple linear regression to explain students

post”-knowledge (PK).

10.3389/feduc.2024.1423330

Variable B SE p
Constant Term 0.05 0.14

MK 0.87* 0.08 0.81%
TS —0.01 0.09 —0.03
2.1. Discuss common understanding of task before starting to work —0.04 0.03 —0.12
2.2. Discuss common understanding of task after starting to work —0.02 0.03 —0.05
2.3. Structure work process before starting to work —0.01 0.03 —-0.03
2.4. Structure work process after starting to work 0.07 0.06 0.15
2.5. Reflect on work process —0.03 0.04 —0.10
2.6. Reflect on product —0.03 0.04 —0.08
2.7. Derive consequences for future learning 0.08* 0.03 0.20*

B, non-standardized regression coefficient; SE, standard error; f, standardized regression coefficient; MK, “mid”-knowledge; TS, averaged overall transactivity score. Significant effects are

indicated via * for p <0.05.

TABLE 9 Comparison of treatment groups TG1 and TG2 when creating glossaries (CMP |l phase), unpaired Welch-tests.

ltem TG N M SD T df P

1.1. Self-references 1 10 2.70 0.48 —0.61 17.67 0.55
3 11 2.82 0.40

1.2. Low-level transactivity 1 10 2.50 0.71 —0.86 15.38 0.40
3 11 2.73 0.47

1.3. High-level transactivity 1 10 2.70 0.48 —0.13 18.67 0.90
3 11 2.73 0.47

2.1. Discuss common understanding 1 10 1.60 0.84 —-1.06 18.97 0.31

of task before starting to work 3 11 2.00 0.89

2.2. Discuss common understanding 1 10 1.30 0.48 —0.25 18.08 0.81

of task after starting to work 3 11 1.36 0.67

2.3. Structure work process before 1 10 2.40 0.70 —0.88 16.26 0.39

starting to work 3 11 2.64 0.51

2.4. Structure work process after 1 10 2.50 0.53 —0.52 18.62 0.61

starting to work 3 11 2.64 0.67

2.5. Reflect on work process 1 10 1.20 0.42 —1.74 14.44 0.10
3 11 1.73 0.91

2.6. Reflect on product 1 10 1.90 0.32 —0.05 16.39 0.96
3 11 1.91 0.54

2.7. Derive consequences for future 1 10 1.50 0.71 0.17 16.49 0.87

learning 3 11 1.46 0.52

contributions of their fellow students in a co-constructive manner.
From our perspective as researchers, these results must be taken with
a grain of salt, as the resulting ceiling effects could dilute further
analyses due to an underestimation of variance within the sample
(Jennings and Cribbie, 2016). To counteract this effect, several
approaches are conceivable. Firstly, the 3-point scale could be refined
to achieve better resolution in the higher rating range. Secondly, the
analyzed material could be divided into shorter segments, allowing to
better identify and differentiate phases with higher and lower degrees
of transactive communication, for example. The quantitative data
obtained from coding with the manual could subsequently
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be correlated with other data within the scope of research questions
RQ2 and RQ3.

In relation to question 1b, the results indicated that students may
have already learned or at least intuitively followed some problem-
solving patterns, especially when it comes to strategizing before and
during their work process (items 2.3 and 2.4). On the other hand, the
participants in our study tended to start working on their problems
immediately without clarifying the task.

Few groups actually took the time to conduct a comprehensive
process-level reflection, which could have resulted from time
constraints some students reported in their feedback to the
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TABLE 10 Comparison of treatment groups TG1 and TG2 when creating concept maps (CMP lll phase), unpaired Welch-tests.

ltem TG N M SD T daf P

1.1. Self-references 1 10 2.80 0.42 —0.10 18.63 0.92
3 11 2.82 0.41

1.2. Low-level transactivity 1 10 2.50 0.71 -1.25 14.03 0.23
3 11 2.82 0.41

1.3. High-level transactivity 1 10 2.90 0.32 —1.00 9.00 0.34
3 11 3.00 0.00

2.1. Discuss common understanding 1 10 1.30 0.68 —1.04 18.88 0.31

of task before starting to work 3 1 1.64 0.81

2.2. Discuss common understanding 1 10 1.70 0.82 -1.52 16.41 0.15

of task after starting to work 3 1 218 0.60

2.3. Structure work process before 1 10 2.40 0.70 —0.54 16.60 0.60

starting to work 3 11 255 0.52

2.4. Structure work process after 1 10 2.80 0.63 —0.50 12.62 0.63

starting to work 3 11 291 0.30

2.5. Reflect on work process 1 10 1.90 0.88 —0.02 18.99 0.98
3 11 191 0.94

2.6. Reflect on product 1 10 2.40 0.70 0.43 18.42 0.67
3 11 2.27 0.65

2.7. Derive consequences for future 1 10 1.60 0.70 —-1.61 18.82 0.13

learning 3 11 2.09 0.70

TABLE 11 Comparison of treatment groups TG1 and TG2, mean values of the creation of glossaries (CMP |l phase) and concept maps (CMP lll phase),

unpaired Welch-tests.

Iltem TG N M SD T daf P

1.1. Self-references 1 10 2.75 0.43 —0.41 17.18 0.69
3 11 2.82 0.34

1.2. Low-level transactivity 1 10 2.50 0.62 -1.22 13.72 0.24
3 11 2.77 0.34

1.3. High-level transactivity 1 10 2.80 0.35 —0.49 15.49 0.63
3 11 2.86 0.23

2.1. Discuss common understanding 1 10 1.45 0.55 —1.41 18.94 0.17

of task before starting to work 3 11 1.82 0.64

2.2. Discuss common understanding 1 10 1.50 0.58 —-1.06 18.95 0.31

of task after starting to work 3 1 177 0.61

2.3. Structure work process before 1 10 2.40 0.62 -0.85 14.63 0.41

starting to work 3 11 259 0.38

2.4. Structure work process after 1 10 2.65 0.47 —0.67 16.30 0.51

starting to work 3 1 2.77 0.34

2.5. Reflect on work process 1 10 1.55 0.55 —0.94 18.24 0.36
3 11 1.82 0.75

2.6. Reflect on product 1 10 2.15 0.47 0.28 18.92 0.78
3 11 2.09 0.49

2.7. Derive consequences for future 1 10 1.55 0.55 —0.95 18.52 0.35

learning 3 11 177 0.52
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intervention (¢f. Hauck et al., 2023a). With regard to the creation of
glossaries, this came as a surprise to us regarding the fact that the
students had to use them as a foundation to create their concept maps
in the succeeding seminar session.

This underlines the importance of appropriate scaffolding in
collaborative problem-solving, especially because students had to start
their studies under COVID-19 conditions and thus had to work
together on a very difficult topic in an unfamiliar online environment
with peers they probably did not know well before (Weber et al., 2022;
Werner et al., 2021). This argument is supported by the observation
that our ratings for the second collaborative phase (CMP III), in which
students created concept maps from their glossaries, improved in all
categories that students had previously struggled with, except for the
creation of a shared task understanding before starting the work (item
2.1). Another plausible explanation would be that the students
perceived the creation of glossaries only as a preparatory task for the
creation of concept maps and therefore considered it less important.
It would therefore be helpful to more explicitly emphasize the
importance of the glossary for the subsequent work.

The MLR we conducted to answer RQ2 resulted in two possible
predictor variables from our set of items: The influence of the students’
prior knowledge is not surprising, but a well-executed reflection on
the collaboration process (item 2.7) as a predictor of the students’
knowledge gain is a major finding of this paper. It appears that
students, who learn a lot, are more likely to reflect at the end of the
collaboration and derive consequences for their future actions. Vice
versa, it could also mean that groups, in which reflection on the task
is raised to an additional meta-level, gain more from the collaboration
at the end. This is an important result, as in the context of digital
learning, the question of how to precisely structure collaborative
scenarios to maximize learning effectiveness often arises (Chen et al.,
2018; Sung et al., 2017). If certain patterns were to prove predictive of
the success of individual groups beyond this study, they could
be encouraged through the use of targeted scaffolds.

Against the background of these results, some methodological
limitations must be discussed. First, the mean differences in
conceptual knowledge between the two points of measurement are
very small to a level of statistical non-significance - especially when
comparing the mean values (c¢f Hauck et al., 2023b). This might
hinder an analysis of possible moderators such as the amount of
transactive talk or adequate problem-solving behaviour. Furthermore,
this might have also affected the comparison of treatment groups
(RQ3a and RQ3b) who did not show any significant difference in
neither conceptual knowledge, conceptual knowledge development,
amount of transactive talk on any level nor in any form of problem-
solving activity we measured with our manual at any measurement
point. Possible reasons for this could be that the students used the
creation of glossaries and concept maps primarily to consolidate the
large amount of knowledge they had acquired through the previously
viewed interactive learning videos (cf. Hauck et al., 2023b).

This consolidation may have had a positive impact on their long-
term knowledge retention, particularly as a result of creating concept
maps (see also Haugwitz et al., 2010; Nesbit and Adesope, 2006).
However, follow-up testing would be required to test this hypothesis.
In our design, this was not possible as our intervention ended right
before the students took the exam in the corresponding course.

Second, we coded transactive talk and problem-solving activities
at the group level, whereas the students’ subject knowledge was
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assessed for each individual participant. Although the higher
resolution which could be achieved by investigating individual
students’ behavior might allow for a more detailed analysis,
we refrained from doing so because of several reasons: On the one
hand, our approach was sufficient to answer the research questions
presented in this paper. On the other hand, it allowed us to bypass
technological limitations resulting from the video conferencing
environment: To protect the students’ personal data, we did not record
their faces in the conference. As they took part using their own
devices, audio quality was poor for some students, so that not every
statement could be attributed to the exact person who had made it.
Furthermore, fixating on individual students might neglect the
influence of their group members’ behavior. Since we analyzed both
the small groups and the individual students within these groups,
we cannot ensure that the individual observations are independent of
one another. This limitation could be addressed by using a multilevel
regression model (instead of the uni-level model we utilized), which,
however, would require a larger sample size than is available in our
study (cf. Maas and Hox, 2004). Nevertheless, our linear regression
model allows us to capture the overall dependencies between content
knowledge and the influencing variables we proposed.

Third, our data set is limited to a single cohort of students at our
university. To test the generalizability of our results, studies on other
content, in higher semesters, and at other universities or schools
would need to be conducted.

Apart from other forms of statistical techniques or follow-up
studies, several approaches are conceivable to overcome the above-
mentioned limitations of our study, especially with regard to the
possible loss of information during our coding process. One
possibility would be to increase the resolution by splitting the units
of analysis into narrower segments, e.g., 5-min intervals. So far,
we have only awarded one score per category for the creation of
glossaries (75 min) and for the creation of concept maps (120 min).
Even if this approach was practicable for us and efficient in terms of
research economics, the coarser resolution is accompanied by a loss
of information. The same point of criticism arises from our purely
quantitative research approach. By bundling different speech acts into
one category, it is no longer possible to recognize from the data in
retrospect which group, for example, asked a particularly large
number of critical questions. Similarly, interesting dialog patterns
cannot be captured by a single score alone. We therefore suggest that
the use of coding manuals such as this one should be accompanied
by qualitative methods, for example in a mixed methods setting (cf.
Tashakkori and Teddlie, 2016).

Nonetheless, most of these limitations can be attributed to
external variables that are beyond the scope of the study presented in
this paper. In the context of our quantitative study, the manual itself
proved to be a powerful tool that allowed us to quantify several
dimensions of computer-supported collaborative learning in two
different forms of activity on an especially difficult chemistry topic.

By identifying new appropriate indicators and anchor examples,
the manual could easily be applied to other topics, including
non-chemistry ones, as it encompasses all the tools necessary to
quantify transactive communication and problem-solving activities in
collaborative settings. The integration into other methodological
contexts, e. g. as part of a mixed-methods study, is also viable, as is the
use of the manual in secondary schools or other contexts and age
groups beyond the university level.
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