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Abstract: Writing protocols is a central activity in the natural sciences, but is also a part of science
education. In the context of inquiry-based learning, keeping records is considered beneficial for the
comprehension of scientific reasoning and the associated problem-solving process. Previous studies
have focused particularly on the evaluation of learner-generated protocols and their potential for
learning. The process of protocol writing, especially in the context of inquiry-based group work, as
it is usually implemented in practice, has hardly been researched so far. In this video-based study,
we use the documentary method, a reconstructive analysis method, in order to investigate how
student groups implement joint protocol generation in an experimental inquiry-based setting and
which action-guiding orientations emerge in the process. In all groups, action-guiding orientations to
“task completion” and using the “protocol as means to provide structure and security” were found.
Moreover, we have found differing orientations which can be titled “protocol as a flagship” and
“protocol used in a pragmatic manner”. Overall, the protocol seems more to serve as a guide and an
assurance in the experimentation process rather than as a tool for improving scientific thinking and
problem solving.

Keywords: biology teacher education; inquiry-based learning; experimental protocols; documentary
method; group work

1. Introduction

Experimental protocol generation is part of scientific work in the laboratory and
therefore should also be taught to students in science education [1,2]. Thus, it is a part of
experimental settings in general, including inquiry-based learning settings [3,4]. Writing
protocols during inquiry-based learning may promote scientific thinking and enhance the
scientific problem-solving process [5,6].

Previous studies have focused especially on the evaluation of learner-generated
protocols [7,8], the effectiveness of different instructional approaches regarding keeping
records [9], and the learning benefits of writing protocols [6,10]. What has been less studied
so far are the processes occurring during learners’ protocol generation. These processes
involve peer interaction, since inquiry-based learning, and therefore also protocol genera-
tion, are usually carried out in groups [11,12]. Apart from cognitive aspects, negotiation
processes between learners must also be taken into account when investigating group
work [13,14]. Analysing (group) processes during protocol generation is important since
it provides insights into how students implement and construct protocol writing with
each other. We use the documentary method as an analysis method to gain deep-level
insights that go beyond the content level [15]. Our aim is to reconstruct the students’
“action-guiding orientations” concerning protocol writing. That is, we reconstruct what
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understanding of keeping records shows up in their actions at an implicit level [15,16].
This can extend the previous output-related findings on protocol evaluation and learning
benefits by shedding more light on the processes leading up to it.

In the following, a general overview is given on the topic of protocol writing in science
education, since there are only a few studies in this field. Thereby, we address three areas
of keeping records: general aspects, conceptual approaches and empirical studies. This
overview reveals that there are hardly any process-related studies on protocol generation.
The present study takes a closer look at this research gap.

1.1. General Aspects of Protocol Writing

In the natural sciences, the experimental protocol is typically a text type which is part
of laboratory activities and used to report the experiment in a short and precise way [1,17].
The methodological procedure being part of the protocol shall be presented in such a way
that it can be understood and replicated by others [18,19].

Additionally, in science education, writing protocols is an important task during the
activity of experimenting [2,7]. The experimental protocol is characterised by a certain
structure which is based on the experimental procedure [3,8]. The sequence of the individ-
ual steps during experimentation is reported in a linear way, but it is still important to make
the interrelationships between the steps clear [1]. Furthermore, the protocol is characterised
by the use of educational and technical language as well as (especially in German) passive
constructions [3,7,8]. The use of educational and technical language is necessary for the
requirement of a precise representation and for writing down non-linguistic events such as
test arrangements and observations [3]. During protocol writing, different language actions
such as describing, explaining and arguing are used [7,19].

Additionally, in the context of inquiry-based learning and scientific activities, learners
are expected to write experimental protocols [3,4,19]. Inquiry-based learning is used as a
learning method that shall improve the learners’ scientific reasoning by letting them go
through the entire research process themselves [20]. Usually, inquiry-based learning is
carried out in groups based on the research reality in science, and also because collaborative
group work may support learning [11,21]. Accordingly, protocol preparation can also be
performed jointly in this instructional approach. In general, the structure of the protocol
should correspond to the phases of the inquiry circle, namely setting up a research question,
generating hypotheses, noting down test procedures and observations, and analysing and
interpreting data [3]. Protocol preparation is considered beneficial for promoting scientific
reasoning and the associated problem-solving process, as well as learning in general [5,6].

1.2. Conceptual Approaches of Protocol Writing

In pedagogical contexts, protocols have an additional function beside reporting, as
they can also act as a learning tool [6,17,22]. This is taken into account in the so-called
“writing to learn” (WTL) approach, which is used in order to engage students in scientific
methods and to train their scientific reasoning [4]. The WTL approach can be distinguished
from the “learning to write” (LTW) approach [4,10]. While the LTW approach focuses on
providing students with skills to write better texts in science and is a rare part of the inquiry
process [10], within the WTL approach, writing is seen as a knowledge-generating action
during experimentation [10,22]. Keys [22] refers to the knowledge-transforming model by
Bereiter and Scardamalia [23]. In this model, writing (protocols) is not just characterised by
the retrieval and sharing of the writer’s existing knowledge, but rather seen as a reflective
action. Furthermore, the model involves interaction between the content problem space,
which deals with facts and data, and the discourse problem space, referring to the phrasing of
the text. For example, when drafting text, the writer can be led to reflect upon and develop
new ideas. This means the writer makes a “return trip” from the discourse problem space
back to the content problem space [22].

Learners show deficits and motivation problems with regard to writing protocols,
although protocol writing is supposed to have an important and beneficial role during
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experimentation and in the context of inquiry-based learning [10,12,24]. Furthermore,
learners seem to understand lab reports rather as pedagogical tools than as part of scientific
activity [25]. There are different kinds of approaches to integrate lab reports into the process
of scientific activity to counteract this problem [2]. The science writing heuristic (SWH)
is an example of an approach that is used to improve the learners’ scientific reasoning,
metacognition, negotiating and writing when producing experimental protocols [6,22].
Within this approach, the link to the nature of science and the role of inquiry is emphasised,
and the learners are trained to think in depth about scientific concepts and the importance
of evidence in relation to claims [2]. Another example is the argumentative-driven inquiry
(ADI) instructional model, which is student-centred and writing-intensive [10]. The idea is
to create authentic writing tasks that shall lead the learners to experience writing protocols
rather as “doing science” and not “doing school” [10]. The integration of peer interaction
and co-working is part of these approaches and is seen as beneficial from the perspective of
constructivism [12].

There is a strong need for future teachers to learn these competencies during their
university studies, as they will go on to train pupils in writing protocols [8].

1.3. Empirical Studies of Protocol Writing

In the following, we will present different empirical studies investigating the topic
of protocol writing in science education. The studies relate to different subjects in the
field of natural sciences and investigate different study groups (school and university
students). The following studies are presented according to their focus of investigation.
Those referring to process-related aspects on protocol writing that are most closely related
to our own research are located at the end of this section.

There are studies whose main focus is on the analysis of written protocols to determine
special features or challenges, but also to improve the writing skills through the develop-
ment of certain tools. Müllner et al. [3] carried out content analyses of tenth graders’ lab
reports in biology lessons with regard to the separate steps of the experiment and the use of
language. They found that many of the protocols lacked a hypothesis. In contrast, nearly all
of the students included procedure as part of the protocol. The authors assume that pupils
believe that this is the crucial part of writing a protocol, which acts as a representative
of the whole experiment. Still, they found that procedure is not written as precisely as
needed due to a deficit in pupils’ vocabulary. Additionally, often a discussion of results is
missing, and pupils use a personal style of writing by, e.g., presenting biased evaluations
of the experiment.

Brede [7] investigated the lab reports of eighth graders, also taking into account first
and second language speakers, in biology lessons with focus on observation and data
evaluation as part of the protocol. The author points out that for the observation section,
precise language is needed for describing all relevant processes, while for data evaluation,
explaining is central. The pupils’ protocols not only varied in linguistic features, but also
in content features, which led the author to the assumption that writing protocols is not
only a linguistic challenge for the learners, but one that also contains difficulties on the
content level. In particular, writing down the data evaluation is challenging for pupils,
since it requires explanations that are related to certain specialist concepts they need to
know. Merely by using observation, data evaluation is not possible. A gap in knowledge
of technical terms is less of a problem than a lack of knowledge of biological concepts, as
paraphrases can be used instead.

In the context of university, Bayrak [8] investigated and developed a tool for promoting
protocol writing with chemistry teacher students by using a design-based research approach.
The research aimed firstly to reduce the numbers of mistakes when students write protocols,
and secondly to professionalise students so they can guide pupils when writing lab reports
in the future. Different criteria for evaluating protocols were established and used in order
to determine the students’ capability of writing protocols. The most common mistakes made
by students were missing content, imprecise word use and incorrect structure. Bachelor’s
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students made more mistakes of a technical or content nature than Master’s students did,
while Master’s students showed more grammar and formality mistakes. In addition to
the written protocols, students’ dialogues on joint protocol revision were also analysed to
gain an insight into students’ ideas. These results were then used to enhance the tool for
promoting writing skills.

Deiner et al. [9] showed in their study that a scaffold for teaching how to write
protocols improved the writing skills of chemistry teacher students. This scaffolding
was characterised by breaking the laboratory report into different sections that are then
processed separately through the use of certain questions.

In the context of writing to learn and the knowledge-transforming model by Bereiter
and Scardamalia [23], Keys [22] investigated the thinking processes of eighth graders during
lab report writing within a laboratory activity referring to the topic of erosion. The science
writing heuristic (SWH), as an instructional approach for promoting scientific thinking,
was used to guide the pupils. The aim of the study was to investigate scientific thinking
processes with regard to the content and discourse space. By analysing written reports and
think-aloud protocols, the author found that some pupils wrote down information from
their memory directly into the report without reflecting it within the content or discourse
space. Most of the pupils showed thinking patterns that were characterised by starting
to write but then interrupted this process to make a return trip to the content space, and
showing scientific problem solving by e.g., generating hypotheses to be able to continue
writing. A few students showed rhetorical planning before starting to write, namely taking
into account content and discourse space aspects in advance instead of making return trips
in between.

Sampson et al. [10] studied how science learning and writing skills changed by using
the argument-driven inquiry (ADI) instructional model. In their intervention, they focused
on middle and high school students in different science courses (chemistry, biology, physics
and life sciences) and measured both their writing skills and their understanding of science
content using two different assessment tools over the period of one school year. They
showed that learning within the ADI approach improved the pupils’ writing skills and
their understanding of core scientific ideas. They also found that the more often pupils
took part in those special activities, the better their writing developed.

There are studies investigating the question of what teachers see as relevant criteria for
lab report writing. In a pilot study, Holschemacher and Bolte [26] asked chemistry teachers
this by using an online questionnaire about their ideas of protocol writing in school. The
results show that for them the aspects of “writing down observations”, “interpretation of
observations”, “distinguishing between observation and interpretation”, “interpretation
of data” and “using correct technical terms” are very important. Despite their ascribed
high importance, the teachers assessed the role of these aspects in practice and students’
competencies in these respects as rather low.

Hoehn and Lewandowski [2] developed a framework of goals for writing in physics
lab courses which is based on a literature review and interviews with four instructors
teaching advanced lab classes for physics majors. Their framework consists of fifteen
goals (e.g., argumentation, reflection, content mastery, using texts for grading) divided into
five broader overlapping categories. The categories they identified are “communication”,
“writing as professionalisation”, “writing to learn”, “course logistics” and “social emotional
goals”. “Communication” is about sharing what the students know and what they have
done. In “writing as professionalisation”, the focus is on writing as a scientist’s skill, which
is in line with certain norms, while on the other hand, “writing to learn” focuses on writing
as a process in which knowledge is acquired. The category “course logistics” is about how
the class functions, e.g., that a method of grading students is necessary, which is often based
on a written product. Lastly, “social emotional goals” include those goals that relate to
the emotional and experiential world of the learners, for example, the development of the
learner’s own science identity. Looking separately at the fifteen goals, one of them is “nature
of science (NOS)”, to which a special role is attributed by the authors. This is because
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NOS beliefs are seen as elementary in the context of lab classes, and this goal addresses
nearly all of the five categories (except for course logistics). Therefore, the development of
a sophisticated view about NOS is crucial in their framework, and an important goal in the
context of lab writing. Moreover, students are also aware of the multitude of functions a
protocol can have [27].

In a study of Haagen-Schützenhöfer [18], the aim of the author was to strengthen the
aspect of NOS during lab work and writing in physics lessons. Within an instructional
approach focusing on the replication of experiments, pupils should use their written lab
reports to reflect upon this aspect. Subsequent reflective group discussions and question-
naires showed that this approach was helpful in creating awareness of NOS-specific aspects
during lab work and lab writing.

Hill et al. [28] also investigated protocol writing, with a focus on students’ scientific
reasoning taking place during such activities. They analysed teaching assistants’ comments
on lab reports that were written in an introductory biology course at university. In this
way, they could show that the teaching assistants’ main attention was on the style and
form of the protocols instead of students’ scientific reasoning. The authors discuss that
grading check lists often focus on genre-specific conventions of writing (e.g., use of passive
constructions or past tense), and therefore, teachers’ and students’ main attention is also
paid to these aspects. Thus, they call for a change in course design, stressing the importance
of scientific reasoning and students’ ideas.

A further type of investigation refers to the process of protocol writing. While the
study of Engl [5] is placed in the context of science education, that of Heinzel et al. [29]
does not refer to scientific protocol writing, but shall be mentioned here because their
methodological approach and key interest are close to those of our study.

Engl [5] studied protocol writing of groups of sixth graders in science classes. In
her analysis, protocols (“research books”), videos and interviews were included. In this
way, she could investigate how experimenting and protocolling was processed within the
groups. The results show that co-working was more present during experimentation than
during writing, which could have been caused by the fact that one single test setting was
installed but each pupil had their own research book. She also found hints that some pupils
used the protocol rather as a reminder for themselves (writing down only a few things),
while others tried to write a complete protocol.

Heinzel et al. [29] investigated protocol writing in a non-scientific but university
context, namely analysing collaborative protocol writing during casuistic (case-based)
learning settings of prospective elementary school teachers. Therefore, it is important to
mention that in this study, no experimental protocols were written, but progress reports
that record the joint work and discussions of the groups were. The task of writing a
protocol was assigned to one member of the group beforehand. By using a reconstructive
analysis method, the so-called documentary method, the authors could show that students
framed the task as rather stressful, and as an imposed necessity which serves to control
performance. They compare this with Breidenstein’s [30] “pupil’s job”, which shows that
pupils fulfil the requirements placed on them in the classroom, but in a mode that is
focused on the performance product, which shall be reached in a manner as time-efficient
as possible and with minimum effort. In this general frame, the authors reconstructed the
different ways that students dealt with the problem of writing protocols. One approach
refers to different ways students assign the task of writing minutes; this was either through
using a game called “nose goes”, in which the last person that touches his or her own nose
becomes the one to take over the task, or the person who has a notebook with him or her
agrees to write. Another approach is one that the authors call “gift exchange”, in which one
person offers to write the protocol but in reward expects the others to supply the content.
In a third approach, the person who writes the protocol asks the others not to talk too much
in order to reach a reduction of text that needs to be produced.
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1.4. Research Objective

Previous studies on protocol writing focus especially on evaluations of learners’ proto-
cols, the learning potential of protocols, and the testing of different instructional approaches.
A research gap exists in the area of process-related research. Therefore, the research interest
of our study is to analyse the process of generating experimental protocols in collaborative,
inquiry-based settings in science education. Our research objective is closely related to that
one of Heinzel et al. [29], who investigated collaborative protocol writing in a non-scientific
educational setting. However, the setting and type of protocol are different in our study.

Through the use of video data of students’ group work, we wanted to gain detailed
insight into the processes of collaborative protocol generation. By using the documentary
method for data analysis, it is possible to access patterns of student actions that are not
directly observable on a visual level. Thus, we refer to the following questions: How do
students integrate protocol writing into the experimental process? How do they construct
the protocol, and what meaning do they ascribe to the protocol? Moreover, our focus also
includes social interactions within the group in the analysis.

2. Materials and Methods
2.1. Study Design

The work processes of four student groups were recorded on video. The following task
was assigned to the student groups: “What happens to potatoes in salt solutions? Investigate this
question by conducting an experiment. Write down the important aspects during the experiment so
that you have a meaningful protocol as a group”. Each group was composed randomly and
consisted of three students. The participants were Bachelor’s students at the end of the
second semester, and had previously attended a lecture on the basic principles in biology
and completed a laboratory course on inquiry-based learning, in which writing protocols
was also taught. The survey was conducted outside of the compulsory seminars, and
students could choose freely to participate. Therefore, an evaluation-free context was given.
The given inquiry-based task required the student groups to conduct an experiment to
answer the research question. They had one hour to do this, and could choose from a
pool of experimental material which was provided to them. The task can be classified as
a guided form of inquiry-based learning, since no subject-specific instructions for action
were given to the students [31]. Still, a research question was predetermined and had to
be investigated. Besides conducting an experiment, a second requirement was imposed,
as the students had to write a protocol. For this purpose, they were provided with blank
sheets, but not with a structured protocol sheet. The structure, scope and content of the
protocol were therefore not predetermined and could be freely chosen by the students.

2.2. Data Basis and Analysis Method

The video data were transcribed and the relevant sequences referring to protocol
generation were selected.

For data analysis, the documentary method was used, which is a reconstructive
analysis method [15]. Originating from the context of group discussions’ analyses in
social sciences [16], the documentary method is now also increasingly used in educational
research and gradually in (science) education, too [32–34]. The documentary method makes
findings accessible on both an explicit and implicit level, and this is achieved through two
separate analysis steps: formative and reflective interpretation [15,33]. In the formative
interpretation, explicit meanings within verbal and nonverbal actions are analysed; thereby,
the question of what is being said and practiced is answered [33]. With the second step, the
reflective interpretation, the question of how verbal and non-verbal acts are processed is
central, and gives insight into the students’ key orientations guiding their actions [33,35]. In
addition to the action-guiding orientations, the analysis of the interaction structure is also
a component of the reflective interpretation, and it provides insight into whether shared
orientations exist in the group [33,36]. If there are shared orientations in the group, we
speak of inclusive modes of interaction, while diverging orientations refer to an exclusive
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mode of interaction [33,36]. By using comparisons between the groups, during the analysis,
it becomes increasingly apparent what the similarities between the groups are, and which
specific characteristics appear in the way they deal with the task of generating protocols
while conducting an experiment [33]. Analyses across all student groups were presented in
different interpretation groups and validated communicatively. Thus, the central sequences
were revalidated several times by different groups of people either working in the field of
biology education or being experts in the documentary method. During this process, the
raw material (video data) was looked at collaboratively, and the formative and reflective
interpretations were examined and validated with regard to the reconstructed action-
guiding orientations. By analysing different sequences across all student groups together,
and by presenting the same sequences in different interpretation groups, it was possible
to ensure that the central reconstruction results were valid. Due to the large number of
relevant sequences, it is not possible to validate all of the material together. However, since
it can be assumed that the action-guiding orientations repeatedly appear in a homologous
way in the material [33], this is not necessary.

3. Results

Table 1 provides an overview of the reconstructed action-guiding orientations regard-
ing protocol writing and their allocation to the respective student groups. In the following,
those action-guiding orientations which are reconstructed in all student groups are repre-
sented first (Section 3.1). They can be called “basic orientations”. After that, the contrasting
orientations are presented (Sections 3.2 and 3.3). Questions as to what the students con-
struct the protocol as, and what function and what relevance it has for them are addressed.
In doing so, both process-related aspects as well as social negotiation processes within the
groups are taken into account. Transcript excerpts of the individual groups are included to
illustrate the results.

Table 1. Overview of the reconstructed action-guiding orientations for protocol writing in an inquiry-
based setting. Distinction between basic orientations (referring to all groups analysed) and contrasting
orientations (referring to some of the groups).

Basic orientations
• Task completion
• Protocol as means to provide structure and security

Contrasting orientations
• Using the protocol as

a flagship
• Using the protocol in a

pragmatic manner

Student groups B, C A, D

3.1. Basic Orientations: Task Completion and Using the Protocol as Means to Provide Structure
and Security

What applies to all groups in terms of protocol writing is an orientation towards task
completion. Already at the beginning of the group works, keeping records is framed as
a necessary requirement and is also implemented in the course of all group works. In
all groups, the task of protocol writing and the role of the protocol taker is determined
quickly without long negotiations. As an example, please see the following sequence from
Group A:

Ida: Mhm, for the dependent and independent variable (turns pages). Okay, we have inquiry-
based learning here, let’s set up our hypotheses (arranges sheets). Who wants to write
(has pen in hand and sheet in front of her)? #00:01:27-5#

Jan: Not me. #00:01:27-9#

Laura: Oops, (laughs slightly) you go ahead. #00:01:28-2#

Ida: You had a nice handwriting. #00:01:29-5#
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Laura: No. #00:01:30-8#

Ida: Okay (writing).

Ida makes a proposition (introduces a new topic) and asks the other group members
“who wants to write?”. While making this proposition, she already holds the pen in her
hand and is ready to start writing. Therefore, this question could be classified as rhetorical,
since her holding the pen expresses a willingness to take responsibility for writing. Both
Jan and Laura elaborate on her question by refusing to take over the task. Afterwards, Ida
makes a comment about Laura’s nice handwriting, but then quickly overtakes the task of
writing. It seems that protocol writing is no popular task; however, the group still comes
to a conclusion quickly, and Ida takes on the task. This pattern is similar in all the other
groups, although the role of the protocol taker is not always stable. None of the groups
spent much time discussing it, but all of them start on task completion quickly.

Additionally, ensuring that (external) requirements are met points to this orientation
of task completion. In all groups, for example, the necessity of using technical terms
or standardised expressions is emphasised. However, frequent formulations such as
“we must” or “is that enough?” also express such an orientation towards task completion
and performance.

Beside task completion, there is another orientation which can be found in all groups
and which deals with the function that the protocol has for the groups themselves. In
all groups, the protocol generation is an action that provides structure and security to the
group members in a setting that is rather open and insecure to them. There is a shared
understanding of the general protocol structure and content, which also guides them
through the experimentation process. In the beginning of their group work (Group B),
Nora and Kathi refer to the given task, considering what might happen to potatoes in saline
solutions based on the initial question in the assignment, while Jens refers to the protocol
and introduces what they need in any case:

Nora: Yes, what happens there (looks at the protocol sheet with the task)? #00:01:10-1#

Kathi: Potato, starch, salt. #00:01:13-6#

Nora: So, when you cook them, they’re in salt water. Not? #00:01:16-8#

Jens: Mhm #00:01:16-9#

Kathi: Mhm #00:01:21-5#

Nora: Wow, I think we all here cook quite a lot of potatoes, I realise. #00:01:29-5#

Jens: So; we need the four things in any case; why am I actually writing? I probably have
the ugliest handwriting of us. So, we need hypothesis, counterhypothesis, dependent,
independent variable (writes). #00:01:42-3#

Nora: Mhm #00:01:44-2#

Jens: So (clicks out ballpoint pen). #00:01:46-4#

While Nora and Kathi are freely associating concerning this rather open question
(“What happens to potatoes in saline solutions?”), Jens provides a structure by proposing what
they “need in any case”, and writing down certain components into the protocol, namely
“hypothesis, counterhypothesis, dependent and independent variable”. There is no negotiation,
but all group members seem to share an understanding of which aspects should occur
within the protocol, and it is not questioned by the other group members. This also becomes
apparent in the following sequence from Group C:

Katja: So, I don’t know what in evaluation we. Should we then write our hypothesis has been
confirmed? #00:43:51-0#

Anke: Well, it is also #00:43:52-7#

Vera: Yes, #00:43:53-5#
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Anke: So, that’s not the explanation yet, is it? Because we actually always had that directly
then with the observation, and afterwards already comes the explanation or why that is
so. Because the hypothesis, it does not explain it directly. #00:44:13-7#

Katja: Yes but we can still say? #00:44:15-5#

Anke: Yes yes despite. #00:44:15-8#

Katja: First of all, the hypothesis, the hypothesis has been confirmed because #00:44:18-5#.

Anke: Yes #00:44:19-4# (...)

Katja: The concentration, yes the position of the potato influences? So the concentration of
the solutions influences the position of the potato #00:44:35-0#

Anke: Mhm, #00:44:35-4#

Katja: So that it then swims on the surface of the water. #00:44:37-1#.

Anke: Exactly. #00:44:38-3#

Katja: And then we can name that with the plasmolysis then, I would say. #00:44:41-7#

Anke: Mhm #00:44:42-6#

Katja: As an explanation. #00:44:45-7#

Anke: Yes, then let’s do it that way; well, the hypothesis? has been confirmed. #00:44:59-2#

The group talks about the aspect of (data) evaluation as the component of the protocol
coming up next, which is shared by all group members. Still, there are negotiations over
what should be included. First, Katja makes the proposition whether they shall write in
their evaluation that they can confirm their hypothesis. However, she also mentions that
she is not sure about it. While Vera is validating Katja, Anja mentions that they should also
give an explanation, and that the confirmation of the hypothesis is not enough at this point.
She refers to her experiences in the past (“because we actually always had that”) and a certain
structure of the protocol (“after the observation follows an explanation”). Both the confirmation
of the hypothesis and the explanation are then included under “data evaluation”.

This shared understanding about the components of a protocol in general makes it
possible for the groups to move forward with their group work and to have something
similar to a framework, in which certain specific aspects can then be discussed.

While task completion and the use of the protocol as means to provide structure and security
are patterns that can be found in all groups, it should be noted that there are also differences
between the groups in the way they construct the protocol. In the following sections, these
differences are illustrated.

3.2. Orientation “The Protocol as a Flagship”

In two groups, an orientation that we call using the protocol as a flagship can be recon-
structed. This overall orientation contains further action-guiding orientations, namely
completeness and form and clarity. In the statement of Jens (Group B), it becomes apparent
what an orientation to completeness and form means:

Jens: ( . . . ) So, let’s look over here again. We have a hypothesis. A counterhypothesis. We
have dependent, independent have interference variants; we have procedure? Um yes. We
can um write it down in full form. We shall, we shall make a protocol. That means we
can, must write it out ( . . . ) #00:28:24-8#

After starting with the experimental work, Jens comes back to the protocol and sug-
gests having another look at it. He goes through what it already contains and what should
follow next (“we have procedure?”). He uses expressions such as “write it down in full form”,
“make a protocol” and “write it out”. This points out a view of a protocol as the flagship of
the group and as proof of the quality of their work. “To make a protocol” also stands for
something resembling a craft. They are the producers of something that has relevance and
needs to be created with care. Writing the protocol does not happen as a side task, but takes
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up a large part of their time, and requires full concentration. The use of the modal verbs
changes during his statement from “can” to “shall” and finally “must”. By the increasing
urgency expressed in his use of modal verbs, Jens also constructs a situation in which there
is pressure to perform.

The relevance of the protocol for these groups is also visible, since a “protocol check”
takes place. Thereby, these groups review their writing in order to improve and complete it
at the end of the group work sessions. This can be shown in the following sequence from
Group B:

Jens: So. Let’s go through everything we have again? (rustling paper) If we forgot anything.
So we started. We have a hypothesis, we have a counterhypothesis. We wrote down
dependent, independent variable too mixed up but we corrected that (takes a breath). We
have an interference variable. #00:54:26-5#

Nora: However, maybe we should write it down. #00:54:28-2#

Jens: That #00:54:28-2#

Nora: That um that the hypothesis is not confirmed. We have not written that down at all.
#00:54:34-3#

Jens: That’s right, we still have to write that down in the conclusion. In addition. #00:54:36-4#

Nora: Mhm #00:54:36-9#

Jens: That is why we’ll just go through it again. Very good. Uh we had the #00:54:40-5#

Jens proposes to check that they “have all” by referring to the written protocol in order
to make sure that they did not “forget” anything. This shows that there seems to be an
orientation to completeness. They make sure that nothing is missing within the protocol,
which becomes clear through statements such as “additionally” or “we still have to write this
down”. Additionally, the correction of the protocol is an aspect that relates to an orientation
to meeting external requirements.

A strong focus on the wording is also reflected in statements such as “that sounds
better/incorrect”, “how shall I write this?”, “just phrase it nicely”, which are used in these
groups. This expresses a strong focus on the phrasing rather than the content.

The groups are oriented to clarity when writing the protocol. This means that uncer-
tainties or unresolved issues are left aside, and instead, an almost ideal course is expressed
within the protocol. Group C talks about possible explanations of their observations at the
end of their group work:

Katja: And for this reason? one could say, the potato swims above and the uhm water
particles from the potato, flow into the hypertonic solution. #00:46:57-2#

Anke: Or diffuse? #00:46:58-4#

Katja: That would be the explanation of #00:47:00-8#

Anke: Do not diffuse. Or, because you said flow. However, this well, I know the or nope nope
nope. #00:47:06-2#

Katja: Nope diffusing is actually the mixing. Or not; or? Or am I mistaken? I don’t know.
#00:47:12-5#

Anke: However, flowing; I just don’t know how to say it. What to use for it. That’s why I
just thought about this, then both I think. #00:47:21-3#

Katja: I don’t know #00:47:23-0#

Anke: Uuh, or particles; the uh particles move, into the solution? (laughs slightly) Oh, I
don’t know. Mm. #00:47:40-2#

Vera: You can just. #00:47:40-7#

Anke: I’m sorry if I’ve caused any confusion now. #00:47:42-9#
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Vera: No, all good um. #00:47:44-0#

Katja starts with an explanation referring to water particles flowing out of the potato
into the hypertonic solution, whereupon Anke introduces the term “diffuse”, but imme-
diately afterwards considers it inappropriate. Katja elaborates that “diffusing” means
something resembling mixing and that it does not fit here, but she is unsure about it. Anke
seems to be irritated by the term “flowing”. She instead proposes saying that the particles
“move”, but she is also unsure. In the end, Anke apologises for causing confusion. In this
sequence, the group discusses what they should include as explanation in the protocol, and
which wording would be correct. Instead of continuing to talk about what really happens
in the experiment and negotiating the meaning of the word diffusion and how it might
relate to their observations, Anke, who proposed this discussion, apologises in the end for
“causing confusion”. So, the group sticks to a reduction of uncertainty, with irritation being
excluded. This reveals an orientation to clarity, which can also be found in other sequences.
This orientation becomes also apparent when comparing what the groups discuss and what
they write in the protocol. Often there are discussions, or in fact just the beginning of a
discussion, taking place that cannot be found in the written protocol. This also means a
reduction in complexity, which goes hand-in-hand with this orientation to clarity. If a group
is unsure about something, they will rather skip this point in their protocol and present a
product in which no uncertainties are mentioned. The protocol therefore serves more as a
concluding record and joint agreement than an examination of the subject matter.

In the groups with an orientation to using the protocol as a flagship, there are also some
process-related patterns concerning how the protocol is being integrated in the theoretical
considerations and the experimentation process of the groups. These groups use the
protocol for planning and reflection. Furthermore, they spend a long time concentrating on
the writing process. They do not write the protocol on the side, but integrate writing phases
in which they concentrate entirely on the preparation of the protocol. These “protocol
phases” take place mainly at the beginning and after the practical part, but can also be
embedded in pauses during the experiment. At the beginning of the group work, they
are mainly used for planning, while at the end of the group work, they are also used for
reflecting upon what the group has achieved. This shows the high relevance that the protocol
has in these groups.

This is also reflected in the way that the students implement keeping records within
the group. In these groups, the writing of the protocol is carried out together, although there
is just one person appointed the protocol taker. All group members are informed about the
content and form of the writing. This can be shown in a sequence from Group C, in which
they phrase the hypothesis together after having discussed it:

Anke: The higher the salt concentration in the water? #00:10:47-5#

Katja: No the. #00:10:48-0#

Vera: The higher the density? #00:10:49-3#

Anke: The de- (Katja writes) the density, #00:10:53-7#

Vera: Of the water #00:11:00-2#

Katja: By uh #00:11:03-4#

Vera: By the salt concentration #00:11:10-9#

Anke: The higher the potato swims? On the water surface. #00:11:16-6#

Katja: Yes, isn’t it? #00:11:18-2#

In this sequence, all group members contribute to the wording of the hypothesis. Thus,
in a parallel mode of interaction, single sentence components and words are introduced by
all group members, which are referred to, validated and partly also corrected by the others.
Therefore, in the end, a common hypothesis is composed, to which all have contributed
with regard to content and especially, with regard to the wording. It is a transparent way of
writing, since every group member knows what their shared protocol consists of.
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3.3. Orientation “The Protocol Used in a Pragmatic Manner”

In contrast to the Groups B and C, who spend entire time slots writing the protocol,
in the Groups A and D, writing is often not part of the verbal communication and is just
done on the side while the other group members are conducting the experiment. Therefore,
in these groups, not all group members are informed about what the protocol looks like.
Writing the protocol is rather something that a person takes care of from time to time.

Furthermore, the protocol is rather used and framed pragmatically, in the sense that
it accompanies and supports the group’s work but is not the main task for them. This
becomes apparent in Group A, in which the protocol is used rather as a side element, e.g.,
for calculating something or for documentation. In the following example, the group wants
to determine the quantities of salty solutions:

Ida: I do have math; I, I have Bio (laughs, grabs pencil). #00:16:57-8#

Laura: (laughs) #00:16:59-0#

Ida: Uhm #00:16:59-5#

Jan: Otherwise, we have to calculate rule of three. #00:17:00-1#

Laura: Damn guys. Yes. #00:17:01-3#

Ida: Yes #00:17:01-6#

Laura: We have to. #00:17:02-4#

Ida: Because #00:17:04-1#

Jan: How should I do this briefly? #00:17:04-9#

Laura: So, one gram to hundred millilitres are #00:17:05-9#

Jan: If fifty are one hundred percent. Yes, fifty are one hundred. (Ida writes) #00:17:09-5#

Here, the group realises that they need to calculate the rule of three to find out how
much salt and water they need to prepare the solutions. Ida takes the pen in her hand to
support the calculation in writing. In contrast to the groups above that use the protocol as
a matter of performance record, here, the protocol is actively integrated into the running
of processes during their group work. The calculations are something that they need for
themselves in order to obtain results with which they can continue their experimental work.
The protocol, therefore, is a practical/pragmatic tool to use rather than a product that is
used for representation.

This pragmatic use of the protocol becomes also clear in statements such as “I’m writing
along” (#00:15:18-2#, Group A, Laura) which Laura says while the other group members are
engaged in conducting the experiment. She frames the writing as something that is done
for purpose of documentation and happens on the side.

Additionally, in Group D, this can be reconstructed as an action-guiding orientation,
which can be illustrated by a statement from Nico:

Nico: (...) So. (takes a breath) (sighs). Let’s just write it down. The higher? (writes) the
temperature, and the con- uh salt concentration the (writes), let’s take uh let’s leave out
the technical terms, the more #00:26:27-3#

Similarly to Laura’s statement, here, the writing is introduced as something that just
happens (“Let’s just write it down”.). In contrast to Laura, Nico involves the other group
members (“us”), although he is the one who is writing. He starts wording a hypothesis,
which seems to be challenging for him. This becomes obvious through his sentence breaks,
filler words such as “uh”, and speech pauses. His reaction to this challenge is the conclusion
that they should leave out the technical terms, which can be seen as a strategy to reduce
the complexity of the task. That they need to use technical terms is introduced as a matter
of course; still, it seems legitimate to leave them out in order to capture the essence of the
hypothesis. This also shows that the content itself has priority, rather than the way in which
it is presented.
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In the Groups A and D, the role of the protocol taker is not as stable as in the Groups
B and C that work on the protocol jointly. This is very obvious in Group D, who lacks
a shared understanding of a “group protocol”, causing irritation almost throughout the
entire group work, which is illustrated in the following sequence:

Nico hands out one of the blank papers to each group member.

Melanie: Do we have to we just need one protocol. #00:01:26-6#

Ralf: Right yes. #00:01:27-6#

Melanie: Just make one protocol #00:01:29-1#

Ralf: Mm, okay. #00:01:30-4#

Nico: So. If they again, want to have potatoes in salt solution. Then, we theoretically can?
but wha- #00:01:38-1#

By handing out blank papers to each of the group members, Nico nonverbally proposes
the opportunity to keep records individually. At the same time, handing out the sheets is
not in line with joint protocol writing, as is intended in the task (“ . . . so that you as group have
a meaningful protocol”.). This is irritating to Melanie, who understands Nico’s handing out of
the sheets as a writing prompt, and interjects that they “just need one protocol”. She first poses
this as a question, but then formulates a statement, thereby increasing the urgency. This
shows an orientation to the task and to joint protocol writing, which is also expressed by
her use of the personal pronoun “we”. While Ralf is validating her, Nico does not elaborate
on this, but changes the subject from the protocol to the content of the task. Therefore,
these diverging orientations persist almost throughout the whole group work, in which
Melanie repeatedly suggests that they shall take group minutes and shows uncertainties
on a nonverbal level about what and when to write something down individually. At the
end of their group work, this is resolved by deciding that Nico’s protocol is selected as
the group protocol, which is proposed by Melanie (Melanie: “yeah okay, then we’ll just take
yours”, #00:38:44-8#). In saying that the group takes “his (protocol)”, again, it becomes clear
that an actual group protocol was not written.

4. Discussion

The results of this study give detailed insights into the (group) processes of protocol
generation in the context of an inquiry-based experimental learning setting. By using
the documentary method, these insights go further than an analysis of the visible perfor-
mance, and focus instead on which action-guiding orientations can be reconstructed for the
students in the given situation.

Common for all the groups are two basic orientations, namely task completion and
using the protocol as means to provide structure and security. Task completion connects to
findings within documentary classroom research in general [33], as well as to earlier
findings from the present research project referring to the experimental processes [37]
These studies show that in learning situations within an institutional context, a learner
orientation toward task completion and therefore performance is difficult to overcome.
This is contrary to expectations in an inquiry-based learning setting, which is supposed to
be about developing a spirit of inquiry in learners rather than representing an “assessment
situation” in which they have to perform. The expected function of the protocol to promote
scientific reasoning and learning in general [5,6] therefore seems to play a minor role in
the present setting. Moreover, we could reconstruct that all student groups are using the
protocol as means to provide structure and security. The members of the group implicitly
share an understanding of which parts the protocol should consist of, and they do not
need to negotiate how the protocol should be structured. This shared knowledge gives
them a structure that guides them through the experimental setting that is rather open
and uncertain. Although a research question is given (“What happens to potatoes in salt
solutions?”), it leaves open the specific scientific content (namely osmosis) to be investigated,
as well as the exact experimental procedure. In a previous study [37], we have shown
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that a feeling of uncertainty exists among the learners in the experimentation process,
whereupon, for example, the provided experimental material is used to secure their actions.
Emerging ideas were examined and pursued according to whether or not the necessary
experimental material was available. The protocol also has a supporting function because
its structure is considered secure by the learners, which enables them to act in the uncertain
situation. On an explicit level, it appears that the students are really going through a
research process as they refer to the different phases of the inquiry circle. However, the
reconstructed action-guiding orientations show that the protocol rather provides security
for the experimentation process. Thus, it serves more as a guide through the process than a
tool for scientific problem solving. For students as learners (learning to experiment), the
protocol is needed as an assurance during experimentation.

Beside these “basic orientations” found in all groups, there are reconstructed action-
guiding orientations that vary between the groups titled as “protocol as a flagship” and
“protocol used in a pragmatic manner”, which are discussed in the following. Those
groups in which the protocol is used as a flagship for their work show action-guiding
orientations towards completeness and form as well as towards clarity. Constructing the
protocol as something that needs to be complete and corresponding to a certain form is
associated with the findings of Hill et al. [28]. The authors showed that during lab report
evaluations, a strong focus is on genre-specific conventions, which then also becomes
established among the students themselves. Although our setting was designed to be
assessment-free, namely taking place outside regular seminars and without grading the
students’ group work and protocols, two student groups worked on their protocols in
such a way that showed they wanted to emphasise the high quality of their performance.
However, the students primarily focused on how things were worded (“that sounds better”,
“just phrase it nicely”), rather than on the content itself. The students therefore treat the
protocol as a certain text type that needs to be phrased carefully, rather than using it as
a learning tool; this is expected in the WTL approach [4,6]. Furthermore, these groups
are oriented to clarity. They do not use the protocol to raise questions or discuss different
solutions to scientific problems, but make clear statements instead. They agree on which
statements they can make with certainty. Thus, they create a narrative in which detours and
uncertainties (which do occur in their mutual exchange) no longer appear (see also [38,39]).
The question can be asked as to whether they want to tell a certain story of success. In any
case, this manner of constructing the protocol is opposed to the positive effect on scientific
problem-solving that should be attributed to keeping records [5,6]. Due to the fact that the
phases in the inquiry circle are predefined, they seem to assume that they must follow this
straightforward process in an inquiry-based situation, without deviations. However, it is
important that students understand that this is an idealisation and simplification of the
research process [40].

These reconstructed action-guiding orientations are accompanied by some process-
and interaction-related aspects; the groups integrate “writing phases” either before, within
or after practical parts of the group work wherein they fully concentrate on the writing
part. This shows that the writing has a high relevance in these groups and does not happen
on the side. At the same time, in these writing “slots”, all group members are involved
and therefore informed about the content and form of the protocol. In the beginning of the
group work, the writing has a planning function, and at the end of the group work, the
writing has a reflective function. The groups check their protocols and reflect on things
left aside or aspects that still need to be included. Therefore, this is not a return trip to the
content space as is mentioned in the model of Bereiter and Scardamalia [23], rather a check
for gaps within the protocol, as is mentioned above (an orientation to completeness). They
construct the protocol as a “group protocol” by either joint formulations or dictation forms;
negotiations between group members still take place, but they focus on what they agree on.

In contrast to these groups, an orientation to use the protocol in a pragmatic manner
was reconstructed in the other groups. The protocol acts not as a representation of the
groups’ work, but is used as a (supporting) tool within the process of experimentation. In
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particular, the pragmatic use of the protocol for documentation (e.g., of what has been done;
data logging) can be reconstructed; however, very practical things such as a calculation of
the rule of three were also recorded in the protocol. This points in a similar direction to
the results of Engl [5], who showed that the protocol was rather used by the pupils as a
reminder to themselves. In any case, in our study, the flagship orientation is characterised
by thinking of an external addressee (e.g., a teacher), while the pragmatists use the protocol
more for themselves.

The construction of the protocol as a “pragmatic tool” is something which is not really
present in the literature. Most often, it is expected that the protocol can promote scientific
thinking and should be understood as a part of scientific activity. Still, the “pragmatic
groups” use the protocol to support their experimentation process and to move forward
with their work, namely using it for calculations and as a reminder to focus on the essential
aspects. This makes it more of a tool within a process, rather than a representative end
product as it is used in the flagship groups. One comparison that comes to mind with
regard to the “real” scientific community is the parallel between the flagship orientation
and the usual procedure for scientific publishing. Even in scientific publications, a success
story is often told, with detours and failed attempts hardly reported. This is also reflected
in publication bias, with null results seldom published [41,42], and by the use of pre-
registration of studies as a solution to prevent bias at the end of data analysis [43].

Concerning process- and interaction-related aspects, in the pragmatic groups, writing
happens on the side, and not all group members are informed about the content of the
protocol. In one group, there was not even a common group protocol, but rather at the end
of the group work, the group chose to use the protocol written by one student.

What needs to be considered concerning missing inquiry-based orientations for proto-
col writing in our data is that we did not use specialised approaches (e.g., the argumentative-
driven inquiry (ADI) instructional model or science writing heuristic (SWH)) to promote
scientific thinking during writing [6,10]. We consciously decided not to use an explicit
instruction concerning scientific thinking, since we wanted to reconstruct the groups’ own
action-guiding orientations in this situation. Nevertheless, the students were informed
about the inquiry-based learning context.

5. Conclusions

All in all, our analyses give insights into the process of collaborative protocol generation,
focusing on how the learners shape and integrate protocol writing during group work
within an experimental setting of inquiry-based learning. This differs from previous studies
in that we are not evaluating the competencies of individual students or the performance
of the group, but rather shedding light on what drives their actions and how they shape
and understand keeping records. Our findings show that protocols function as a means
of providing students with structure and security in a complex situation. They either use
it as a flagship for their group’s work or in a pragmatic manner. These are results that
can only be detected by detailed, reconstructive analyses, as we have demonstrated using
the documentary method. It is important to know how students act in such educational
settings, and which action-guiding orientations are revealed in them, in order to include
these findings in the design of learning arrangements. To promote scientific discourse,
learners could explicitly be asked not to write a protocol of results, but a protocol of
progress. Thus, the protocol would contain different proposals of hypotheses, procedures
and/or data interpretations. Whenever different alternatives are available, the group
members have to make a reasoned choice for an alternative with which they want to
continue working, and this decision and its justification are also recorded in the protocol.
Thus, reflection processes are explicitly demanded from the learners, and they are made
aware of them during protocol writing. The effect of such a change from an outcome to a
progress protocol on students’ scientific discourse may be analysed in subsequent studies.
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