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Abstract: Based on the assumption that the process of understanding is partly narrative, this study
explores the potential benefits and limitations of using narrative writing in biology education. We
investigate what contribution a student-centered narrative intervention can make to the conceptual
understanding of protein biosynthesis in the context of viral infections and virus replication. After
a teaching sequence on this topic, 68 secondary school students (M = 15.7 years, SD = 0.57 years)
explained virus replication in a written text. One subsample (n = 46) was instructed to write a
narrative text, while the other one (n = 22) was asked to write an expository (non-fictional) text.
Our data analysis encompassed an analysis of the structural narrativity in the student texts, as
well as a concept-related rating of the level of scientific correctness in three categories. A post-
test questionnaire (35 items) was used to depict the learners’ viewpoints on their respective text
production and the learning process that they experienced. Our findings indicate that most learners
actually produced the text type they were supposed to, with exceptions in both sub-samples. As to
the level of concept-related scientific correctness, we found no major differences between the two
interventions. However, for two concepts, compartmentalization and levels of organization, the
data indicate the significant advantage of the narrative intervention. We conclude from our results
that to some extent, the effective learning properties of narrative texts, derived from the theoretical
foundations, could indeed successfully be demonstrated in the field of virus replication. However,
narrative text production is not equally beneficial for all aspects of the biological topic, and it also
poses specific problems for some learners.
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1. Introduction

The idea of using narrative in science learning has already been discussed for many
decades in science education research. The positive vision that narrative methods can
improve the understanding and memorization of science content has been labeled the
narrative effect [1]. There are theoretical foundations for this assumption, e.g., the construc-
tivist approach to narrative by Jerome Bruner [2,3]. Consequently, the ‘power of story’ has
become interesting for science teaching as well, and explanatory stories have been part of
curricular recommendations [4]. However, there is still no comprehensive theory and too
little data concerning the use of narrative in science classrooms. Meanwhile, it appears
that the assumption of a narrative effect, as tempting as it may be, cannot adequately
characterize the potential and the causal mechanisms related to the different forms of
using narrative in learning science. Particularly, the great majority of existing studies have
focused on interventions centered around the consumption of narrative material by the
students, e.g., reading explanatory stories or listening to historical science stories. There is
far less empirical evidence when it comes to the production of narratives by the students
themselves. Therefore, the study presented here aims to contribute to this research gap by
reporting results from a naturalistic quasi-experimental intervention study where students
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compiled narrative texts on protein biosynthesis in the context of virus reproduction. Our
research design is essentially based on Jerome Bruner’s theoretical approach and his notion
of a narrative mode of thought [2]. Bruner’s view on narrative can be very briefly subsumed,
if not trivialized, by the phrase: ‘it takes a story to make sense’. As we are adopting a con-
structivist perspective on science learning, we start from the assumption that, in adolescent
minds, the process of making sense of viral reproduction and protein biosynthesis works
even better if it is the learners themselves who compose the story.

1.1. Theoretical Framework
1.1.1. What Is a Story? More Than Just a Text Style

It is not at all trivial to define what a story is. Obviously, there is much more to a story
than just a sequence of events. Linguists have identified some common traits and important
elements of narratives [5,6]. The author composes a narration (discours) around a sequence
of events that are temporally and causally linked (histoire or fabula). Their composition has a
beginning and an end and is characterized by a certain viewpoint: even if the narrator does
not add explicit comments or a ‘moral’ to their account, they give an implicit interpretation
of the events by slowing down or accelerating the pace, using flashbacks and flashforwards,
and so on. The process of turning a sequence of events into a story is called emplotment and
is considered crucial for the overall meaning of the story. The plot represents a top-down
structure that subordinates every part of the story to the storyteller’s overall interpretation
of the described events. Therefore, it is not the mere facts that create the meaning of the
story but the way they are presented—or left out. In court for example, the same facts
can be presented in very different ways for obvious reasons. Since our early childhood,
we have all known what belongs to a story in general, as we dispose of a story schema in
our minds. This gestalt structure of stories has been proved to facilitate memorization and
recall of contents [6–8]. Narrative, through the perspective of cognitive psychology, is not
just a text style, but a generalized cognitive structure of expectancy. The story schema
is a mental reality that influences our perception and interpretation of the world around
us. In this sense, stories can be compared to metaphors, which are no longer seen as
ornaments of language, but fundamental tools of understanding [9–12]. In the past three
decades, narrative psychology and related disciplines have extended the investigation of
the role of narrative from the early, relatively narrow cognitive approaches to a variety of
functions of the human mind, such as identity [13]. The research was influenced by the
constructivist paradigm. Narrative is no longer reduced to a mode of writing or communi-
cating, but is viewed as a mode of thought that creates an entire reality of its own. Bruner
considers narrative particulars and narrative genres as a predominant way of interpreting
everyday events [2]. Human beings “make sense of the world by telling stories about
it” ([2], p. 130). He stresses the importance of story for meaningful understanding and
the special characteristics of paradigmatic and narrative thinking [14]. The two modes of
thought, the narrative mode and the paradigmatic (scientific) one, both have universal charac-
teristics [2,15]. Hence, there is a gap that opens between the everyday logic applied by the
learners and the scientific conceptions in the classroom.

1.1.2. Narrative Realities, and their Consequences for Learning Science

What are the consequences for science teaching? Meaningful narrative explanations
cannot simply be replaced by scientific conceptions that are contradictory to the learner’s
experimental realism [9–11]. Instead, the key to conceptual change may lie in the use of
both the narrative and the scientific mode as well as “metacognitive sensitivity” ([2], p. 149)
in order to allow students not only to learn the appropriate scientific conceptions but also
to give them an individual significance.

In “The Culture of Education”, Bruner argues that for the very reason that we swim in
a ‘sea of stories’, we are rarely conscious of how narratives influence our reasoning and
acting [2]. Only through contrast, confrontation, and metacognition, e.g., by comparing dif-
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ferent accounts of the same event, can we become aware that stories do not produce the truth
but “provide a reasoned base for the interpersonal negotiation of meaning” ([16], p. 148).

There are still too few studies available to be able to specifically compare the effect
of narration in different biological or scientific curriculum topics. To what extent does the
thematic context determine the success of a narrative teaching strategy, i.e., how transferable
are study results? One could assume that a fit between the structural characteristics of the
topic and the story schema [6–8] can increase the learning effectiveness of the narrative
intervention. If, for example, the topic already inherently offers a process-like sequence
with a beginning and an end, then this linear sequence of events can in principle also
be well represented narratively, which probably promotes the retention and networking
of the factual structure of the target topic. Another structural aspect is the “centrality of
trouble” for the narrative construal of reality ([2], p. 142): if the factual structure of the
topic already suggests that a problem should take center stage, then this could make the
use of stories more promising. In other words, while the narrative mode of thinking [2] is
generally considered in opposition to the scientific mode, it can enable learners to engage in
scientific problematization [17,18]. An empirically investigated example of such a narrative
construction of problem and solution are the evolutionary adaptation processes in which
populations react to striking and temporally definable changes in the environment in the
course of their natural history [19–21]. It is obvious from the factual structure of the topic
that a group of living beings has ‘solved’ an evolutionary ‘problem’ in a certain phase of
its history, for example by colonizing a new habitat (“the whale ancestors conquered the
water”) and was subsequently exposed to completely new selection pressures. However,
this narrative conceptualization neglects (1) that selection is individual, (2) that evolutionary
fitness is always relative, and furthermore, (3) that the evolutionary race never stops,
even if we humans like to perceive it episodically. In a didactic sense, or in the logic of
‘highlighting and hiding’, similar to metaphors [11], there would therefore be a price to pay
for the narrative conceptualization of selection processes, despite or precisely because of
the structural fit.

In line with Bruner’s theoretical approach, our study is based on a constructivist
perspective on narrative. We consider narrative as a ‘construal of reality’ of its own
and attempt to explore the benefit of this construal for understanding the topic of virus
replication in upper secondary biology education. However, even though stories are so
prevalent and, according to Bruner, so essential to the process of meaning making, we do
not expect a general narrative effect to be caused by our intervention. Instead, in line with
Soares et al. (2023) [22], we will examine the specific effects of an intervention, closely
related to the different aspects of the biological topics and to the student authors’ own
reflections of their writing process.

1.2. State of Research

Two major literature reviews have examined the previous evidence on narrative in
science teaching in the last decades [22,23]. The number of empirical studies, however, is
still quite limited, and characterized by a diversity of different contexts, target variables,
and sample groups. This wide range of findings makes it impossible to draw quick
conclusions on the use of narrative in science teaching. Regarding the context of protein
biosynthesis and virus replication, we can find various barriers to understanding, and
students’ preconceptions in different studies, which should be taken into account for the
intervention and discussion of our data.

1.2.1. The Impact of (the Production of) Narrative Texts on the Understanding of
Biological Phenomena

Several studies examined the impact of the use of narrative texts in biology or science
class on different aspects like understanding or interest and for different target groups
e.g., preschoolers or undergraduates [24–28]. However, the studies’ results are not consis-
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tent and moreover, only a few studies focused on the impact of not only text reception but
text production on the understanding of a biological phenomenon [25–27].

As for an overview of the research field, the first significant review was presented by
Avraamidou and Osborne [23]. In a non-systematic approach, they compiled a variety of
aims and items of research on narrative as well as functions and effects of narrative methods.
But their results also revealed that the existing web of studies often lacks connections and
a systematization of the research field. Almost 15 years later, a theoretical review by
Soares et al. (2023) examined 36 studies, focusing on the effects of narrating science
(whether writing or reading) on memory and learning at different educational levels. The
authors conclude that, in general, no narrative effect can be derived across all studies.
Whether a narrative text benefits memory and learning in science class depends on the
texts themselves, further activities in class, the wider context, educational level, prior
knowledge, and other factors [22]. Some of the examined studies state that narrative texts
can provide meaningful organization structures for activation of prior knowledge and
integration of information [29,30]. However, it is also noteworthy that narrative texts can
foster anthropomorphic explanations and naïve conceptions [26,30]. Nevertheless, Soares
et al. wrote that most of the examined studies showed an advantage of narrative texts in
some of the immediate and most of the delayed assessments of students’ memory and
learning from several educational levels in comparison to expository texts.

A study by Ritchie et al. (2011) with 6th graders (n = 55) examined the impact of writing
narrative texts on the understanding of biosecurity in the context of microorganisms [27]. In
a quasi-experimental intervention design, both intervention and comparison class received
a learning unit on the topic of microorganisms first. Additionally, the intervention class
worked with a website offering information on the topic of microorganisms and biosecurity.
On this online platform the intervention class wrote and peer reviewed so-called BioStories
on the same topic. Both intervention and comparison class used the website to fill in a
BioQuiz as a pre- and post-test containing items for ‘science interest’, ‘science self-efficacy’,
and ‘familiarity with biosecurity’. The study found statistically significant differences
between the intervention and comparison class in their results of the BioQuiz: writing the
BioStories helped students to become more familiar with biosecurity issues and improved
their interest in science. The results of the qualitative analysis of the students’ written
stories suggest that the students developed a deeper understanding of related biological
concepts through writing the narrative texts [27].

Tomas et al. (2011) conducted an adapted study with 9th graders (n = 152) but
without a comparison group [26]. As in the intervention study by Ritchie et al. (2011), the
students participated in an intervention, including lessons about microorganisms and used
an interactive website which provided more information about biosecurity and tools to
write and peer-review two BioStories. Before and after the intervention, the participants
filled in the BioQuiz containing items for students’ ‘interest in science’, perceived ‘general
and personal value of science’, ‘familiarity with biosecurity issues’, and ‘attitudes toward
biosecurity’. The study shows comparable results to the study by Ritchie et al.: the writing
of the BioStories improved the students’ interest in science, their perception of the values
of science, and their familiarity with biosecurity issues [26].

An intervention study by Faria et al. (2015) with 4th graders (n = 25) examined
the impact of writing diary entries on the students’ understanding of the deep-sea fish’s
morphological characteristics and environmental adaptations [25]. The diary writing was
embedded in an intervention focusing on the pioneering work of King Carlos I in oceanog-
raphy and also comprised an exploration of the exhibits of two different science museums.
Data were collected using observations during the intervention, worksheet answers, ques-
tionnaires, and additional interviews with teachers and students. Overall, the study results
show that the students received insights into the characteristics and adaptations of organ-
isms inhabiting the abyssal zone. It can be suggested that the intervention fostered not
only the understanding of biological concepts but also encouraged the development of
awareness regarding the nature of science and the process of constructing scientific knowl-
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edge [25]. However, it is not clear which part of the intervention fostered the students’
understanding primarily.

To conclude, it can be said that there is no narrative effect in general [22]. From
preschool age to university, according to the existing evidence, the reception or production
of narrative texts in science class does not guarantee a better outcome for the understanding
of scientific concepts. The impact of narrative texts depends on further factors like the text
design or the wider teaching context. In view of the effects of narrative text production
as a learning method in biology class, there is a lack on studies examining the relation
between writing narrative texts and the understanding of biological phenomena. The
studies by Ritchie et al. (2011) and Tomas et al. (2011) showed that writing narrative texts in
secondary school can foster students’ interest in science and their familiarity with biological
issues [26,27]. Additionally, the study by Faria et al. (2015) supports the assumption that
narrative text production can help students to deepen their understanding of biological
concepts and of the nature of science [25].

However, the interventions often combine the activity of text writing with other learn-
ing activities like interactive website work or visiting an exhibition. As a result, it is partly
difficult to ascribe the success of the intervention to the writing activity. Moreover, only a
few studies examined the impact of writing narrative texts in comparison with other learn-
ing methods. In relation to that, Soares et al. (2023) encourage further research on specific
narrative effects, such as (writing) which text type has a positive impact, in which context,
on which target group, and on what? More detailed exploration could provide valuable
insights into the conditions and causes of why different writing interventions work.

1.2.2. Students’ Ideas about Protein Biosynthesis and Virus Reproduction

Situated within the 10th grade curriculum, the topic of protein biosynthesis is a
mandatory component of the learning area of “genetics”. The primary objective for students
in our study is to understand six concepts by the end of the learning unit: flow of genetic
information, the process and significance of replication, transcription and translation,
compartmentalization, as well as the interaction between different organizational levels.
Additionally, the students in our study were supposed to apply their new knowledge
to the field of viral infections. This learning goal is linked to two more target concepts,
namely virus structure and virus reproduction. So, what is already known about student
conceptions in protein biosynthesis and virus reproduction?

In general, the consideration of students’ pre-instructional conceptions about the
biological phenomenon addressed in class is necessary for designing a fruitful learning
situation [31]. Due to the low relevance of protein biosynthesis in students’ everyday lives,
preconceptions are usually absent for this concept [32]. Nevertheless, it is noteworthy that
there are some preconceptions that students may hold in the broader context of protein
biosynthesis. These preconceptions often center around associated concepts, such as the
flow of genetic information, as well as ideas about the function of viruses and their effects
on living organisms.

A literature review by Stern and Kampourakis (2014) on the genetic literacy of sec-
ondary students unfolds various conceptions in the context of genetics and genetic tech-
nologies [32]. Regarding the topic of our study, the review found that students are unaware
of DNA providing information for the production of proteins. They also have difficulties
describing the relationship between genes and DNA. The students imagine DNA as being
made of proteins and tend “[. . .] to map the information included in DNA at higher levels
of organisation rather than that of proteins” ([28], p. 200).

Jördens et al. (2016) also highlighted that students (n = 197; 18 years old) sometimes
exhibit confusion of levels when it comes to phenomena at different organization levels [33].
This may manifest as students mixing up or disconnecting phenomena occurring at various
levels of biological organization. This can also be observed in context of genetic information
flow from DNA to the final protein: students (10th grade; n = 64) often have an idea
of genetic instructions as containing information about both the structure and function
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of biological entities across multiple organization levels [34]. Moreover, students often
overlook the mediating effects of proteins and their diverse functions, which are integral to
cellular processes like protein biosynthesis. Another study by Lewis and Kattmann (2004)
with 10th grade learners (n = 10) found similar results [35]: students may equate genes with
characters, meaning they view genotype and phenotype as equivalent. An intervention
study by Haskel-Ittah and Yarden (2017) also shows that 10th graders (n = 38) tend to ignore
the mediating function of proteins and rather link genes directly to their encoded traits [36].
The authors found that although the students were able to illustrate the protein biosynthesis
in concept maps, they were unable to connect genes and traits via proteins in their oral
explanations. Similar results occurred in a study conducted by Gericke and Wahlberg
(2013) with 11th graders (n = 12) [37]. Additionally, Gericke and Wahlberg found that
students tend to consider the concepts of enzyme, polypeptide, and protein as synonyms
and that they use the concept of polypeptide rather than protein to describe the result of
translation. These pre-instructional conceptions can limit the students’ understanding of
why it is crucial to express genes through processes like transcription and translation and
can also be obstructive for the understanding of viral protein biosynthesis [35].

Research on students’ conceptions about viruses conducted by Trauschke (2008) with
7th graders (n = 11) revealed several common pre-instructional ideas [38]. Firstly, stu-
dents often struggle to differentiate between living bacteria, non-living viruses (which
existence depends on host cells), and other pathogens. Additionally, students may imagine
pathogens as dirty, chemical, or harmful substances. Furthermore, there is a tendency to
anthropomorphize viruses, perceiving them as evil organisms intentionally causing harm
to their hosts, such as humans. This concept often involves the idea of a battle between
the good immune system and the evil virus [38]. A study by Simonneaux (2000) about
5th graders’ (n = 10) conceptions regarding microbes revealed comparable results [39]:
students tended to describe microbes, viruses, and bacteria as intrusive agents fighting
against defense agents like body cells or antibodies. They often used the warrior metaphor.
Drawings of viruses convey an aggressive and evil impression. Although viruses and
bacteria were partly described as identical, viruses have been attributed a more strategic
proceeding when it comes to harmful behavior towards human bodies [39].

A latest study by Rönner et al. (2023), conducted during and after the COVID-19
pandemic, found that young students (n = 15; 10 to 12 years old) described the consequences
of viruses and bacteria infection in a more differentiated way than before the pandemic:
they ascribe colds and plagues to bacteria and flues and COVID-19 to viruses. They also
tended to draw viruses, as well as bacteria, in a corona-like fashion. Additionally, the study
concludes that the participants imagine viruses as superior microorganisms and bacteria as
virus-generating cells [40].

In conclusion, the studies show that even if the topic of protein biosynthesis is not
directly relevant to the students’ everyday lives, there are still a large number of pre-
instructional ideas that are related to this context. The studies reveal preconceptions
ranging from confusion about levels of organization to misunderstandings about the flow
of genetic information. Students’ anthropomorphized view of viruses as evil creatures also
plays a major role in their understanding of viral protein biosynthesis. It can be assumed
that students will use some of these preconceptions to describe the processes of virus
reproduction in their written texts in order to process the complexity of the topic and bridge
missing everyday ideas. Especially for the narrative text writing, it can be assumed that
anthropomorphic characteristics are being increasingly used by the participants.

1.2.3. Research Questions

Our overall research question is the following: What is the impact of a narrative text
production on the understanding of protein biosynthesis in the context of virus reproduction,
following a conventional teaching sequence, compared to writing an expository text?

This question generates several sub-questions:
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(1) To what extent does the task of writing a narrative or expository text really lead to the
students producing the required text type?

(2) What is the relationship between the produced text type (narrative or expository text)
and the degree of scientific correctness of the written texts regarding eight concepts of
protein biosynthesis in the context of virus reproduction?

(3) How do the students evaluate their own writing process, i.e., to what extent did the re-
spective intervention help them understand the biological topic and its different aspects?

2. Materials and Methods

To examine the research questions, an intervention study with a quasi-experimental
design was conducted in 10th grade. The methodology of this study is naturalistic, meaning
that we conducted the survey as part of regular lessons in real classes instead of using
randomized samples or laboratory conditions. Narrative or expository texts written by
students during the intervention to explain protein biosynthesis in the context of virus
reproduction were used for data collection. Additional data were collected by means of
a post-test questionnaire with closed questions for reflection on the writing experience.
With the help of a deductive analysis, the produced texts were classified as narrative or
non-narrative and categorized regarding their scientific correctness. Followed by a T-Test
and a Chi Square Test, differences in the students’ explanations on protein biosynthesis
and virus reproduction could be examined. The answers given in the questionnaire were
analyzed statistically using a T-Test and a Fisher’s Exact Test.

2.1. Sample and Context of the Study

The study was conducted with a cohort of 10th graders (n = 68, Mage = 15.7 years,
SD = 0.57 years). Within the narration group (NG), 46 students were assigned the task of
composing narrative texts, while the expository text group (EG) comprised 22 students
tasked with writing expository texts.

Subsequently, this study was conducted with a teaching unit on the topic of pro-
tein biosynthesis in the context of virus reproduction. The topic of protein biosynthe-
sis is embedded in learning unit 1: genetics in the biology curriculum for gymnasium
schools in Saxony for 10th grade [41]. According to this curriculum, students in grade
10 are required to “apply the fields of structure and function as well as information to
the cellular and molecular basis of the storage, transmission and realization of genetic
information” ([36], p. 30, translated by the authors). In our course, the students were
supposed to apply their new knowledge to the field of viral infections. This topic is not a
mandatory part of the curriculum for 10th grade, but is already known to the students from
grade 7 and is highly relevant to students’ everyday lives due to the COVID-19 pandemic.
The course took place before the intervention (text production task) and spanned 8 lessons
of 45 min each (see Figure 1). Both NG and EG received these eight lessons from the
same teacher. While the purpose of the first seven lessons was to provide students with a
comprehensive understanding of protein biosynthesis, the eighth lesson was supposed to
reactivate the students’ previous knowledge on virus infections and make them transfer
their new knowledge in the field of genetics and protein biosynthesis to this specific context.
Together, these eight lessons were meant to ensure a solid foundation upon which the
students could base their subsequently written texts.

2.2. Sampling Procedure

The participants were drawn from three classes at a rural gymnasium in Saxony,
Germany. The sample size was determined based on practical considerations and the
availability of participants within the chosen school. The allocation of participants to these
groups was based on their division in regular classes. There was no option to separate the
classes or to recruit a fourth class at this school.
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protection restrictions, analyses were conducted using anonymized texts and completed
questionnaires. No supplementary information about the participants, except for their age,
was gathered.

2.3. Intervention (Text Production)

The intervention itself was a text production task aiming to compare the effects of
narrative and expository text writing on students’ explanations of protein biosynthesis
in the context of virus reproduction. The participants were divided into the two groups
described above (Figure 1).

Both sub-samples were instructed to explain protein biosynthesis in the context of
virus reproduction in a written text. While the initial prompt for the NG was “Explain
the path and reproduction of a DNA virus in the human body by writing a story”, the EG
group was instructed in the following manner: “Your task is to produce a contribution for
a biology textbook. Write an expository text about the path and reproduction of a DNA
virus in the human body”. In addition, both groups received additional information: “Use
your knowledge of the following processes: Replication cycle of viruses including identical
replication, transcription and translation”.

The writing activity took place in a computer pool, providing students with a digital
platform for text composition. In the beginning, the task was presented to the students,
along with additional support cards for the NG offering inspiration for story settings and
key story agents, such as ribosomes and viruses. This preparatory phase was followed by a
dedicated 60 min period for text writing. Importantly, students were given the autonomy
to choose whether to compose their texts on the computer or by hand, allowing for varied
modes of expression. However, they were not allowed to choose whether they write a
narrative or expository text. In the end, the students filled in a questionnaire to reflect on
their writing experience.

Notably, no explicit introduction was provided regarding the specific properties of
narrative and expository texts. It was assumed that students possessed a foundational
understanding of these text types and their distinctive characteristics, acquired through
previous lessons in both German and foreign language classes. It should also be mentioned
that students could submit voluntarily their written texts for grading, which may have had
an impact on their motivation for the writing process.

Additionally, it is worth mentioning that the use of narratives in biology classes
requires a subsequent reflection on the texts to discern fictional content from scientific infor-
mation, thereby fostering an awareness of their distinctions (the metacognition phase that
Bruner [2] talks about, see also Zabel [19]). However, due to constraints in time resources,
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the reflection phase was omitted from this intervention. The reflection phase is primarily im-
portant for the development of a scientifically correct understanding and to target potential
misconceptions fostered by narrative texts. For this study, an implementation and analysis
of a reflection phase could give insights into the deeper meaning of the written texts. The
decision to exclude the reflection phase from this study means that no conclusions can be
drawn as to whether, for example, some of the texts seem scientifically inaccurate but are
based on a high-level understanding may be hidden by the use of narrative language.

2.4. Data Collection and Data Analysis

The overall aim of this study is the examination of the relation between the degree of
scientific correctness in the explanations of protein biosynthesis and virus reproduction and
the written text type. For that purpose, the students’ written narrative and expository texts
and an additional questionnaire were used for data analysis. The main data analysis process
was structured into three phases: firstly, the written texts were examined to determine
whether the texts can be classified as (non-)narrative texts to ensure that the task of writing
a narrative or expository text really led to the required text type. Secondly, the texts were
examined for their degree of scientific correctness. The extent of scientistic correctness
found in the students’ texts was compared for the two groups, NG and EG. Thirdly, a
post-test questionnaire was used to collect the students’ reflective processes and writing
experiences [42]. We designed the instrument to aim at the student authors’ metacognition
on their writing and learning processes, covering different aspects of the writing experience.
In detail, the items covered three aspects: (A) the students’ self-perceived increase in
understanding aspects of the topic, (B) which specific concepts could be addressed in
the written text, and (C) the overall utility of writing narrative or expository texts as a
learning method, compared to the other text type. Thus, the questionnaire data are meant to
contextualize the students’ written texts and to give insights into cognitive and motivational
aspects related to the text assignment.

2.4.1. Data Collection

Written Narrative and Expository Texts
This study aims to compare the impact of the text type on the scientific correctness

of explanations for virus reproduction and protein biosynthesis within the written texts.
The narrative or expository texts written by the students of both NG and EG provided the
basis for this further analysis. The texts were produced during the intervention described
in Section 2.3.

Post-test questionnaire
The questionnaire was handed to both NG and EG. In the questionnaire, the students

were asked about their self-perceived increase in understanding the eight concepts (part A,
12 items), whether (partial aspects of) specific concepts could be included in the written
text (part B, 16 items), and about the utility of writing narrative or expository texts as a
learning method compared to the other text type (part C, 7 items). All items can be found
in the results section, in detail.

2.4.2. Measurement

Narrativity of the texts

In order to examine the relationship between the written text type and the scientific
correctness of the explanations within the texts, the extent to which the task of writing a
narrative or expository text really led to the required text type should be explored. For
this purpose, we used Zabel’s “Category System for the Narrativity of Learner Texts” in
our study [19]. This diagnostic system is based on aspects of narratology from literary
studies [43] as well as on Bruner’s constructivist approach to what he calls the two modes
of thought [2]. The category system functions as a binomial determination key, comprising
four distinct criteria that allow the classification of learner texts into narrative and non-
narrative. The first criterion probes whether the text established a connection between causal
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and temporal events. The second criterion asks whether these causal connections are rooted
in underlying reasons or motives. The third criterion centers on whether a problem becomes the
focus of attention in the narrative’s plot. The fourth criterion probes whether the text contains
fictional elements and serves to differentiate between fictional and non-fictional narrative
texts. The reliability of the diagnosis was checked communicatively. Two different coders
initially worked independently of each other. In a second step, they compared their results,
discussed deviations, and eventually reached consensus.

Scientific Correctness

Within the context of this study, understanding is operationally defined as the ability
to explain biological phenomena [44]. This entails the articulation of scientifically accurate
explanations for both virus reproduction and protein biosynthesis within written (narrative
and non-narrative) texts. To examine the extent of scientific correctness in the texts, a de-
scriptive category system was developed, based on eight selected concepts [36] (see Table 1).
Six of these concepts refer to the mandatory grade 10 curriculum in protein biosynthesis
and genetics, while the two other ones refer to virus structure and reproduction and thereby
require the transfer of new genetic knowledge to a topic already known from grade 7 (see
Section 2.1). Furthermore, two of the concepts from protein biosynthesis and genetics,
namely compartmentalization and interaction between different organization levels, are not only
relevant for protein biosynthesis but are also overarching key concepts of biology.

Table 1. Description of the eight concepts regarding protein biosynthesis and DNA viruses.

Concept The Concept Contains the Description of. . .

Virus Structure
. . .viruses as organic structures with an outer protein coat
with spike proteins containing DNA with genes in an inner
protein coat (capsid).

Virus Reproduction

. . .virus reproduction as a complex process with multiple
steps: virus’ attachment on the host cells’ surfaces
(adsorption), penetration and the release of the DNA virus
genome into the host cell, followed by the replication and
protein biosynthesis of virus’ genome into proteins, and
assembly and release of new viruses.

Flow of Genetic Information
. . .genetic information flow as information transfer from virus
DNA to mRNA to their realization into amino acids of virus
proteins.

(Relevance of)
DNA Replication

. . .DNA replication as continuously identical duplication of
virus DNA by enzymes of the host cell.

(Relevance of)
Transcription

. . .transcription as transfer of genetic information from virus
DNA to functional mRNA by enzymes of the host cell.

(Relevance of)
Translation

. . .translation as realization of mRNA into amino acids of
virus proteins.

Compartmentalization
. . .compartmentalization as involvement of different cell
components during the process of virus reproduction (cell
membrane, cell nucleus, cytoplasm, ribosomes).

Interaction between
Organization Levels

. . .interaction between organization levels as change of
perspective to explain processes at subcellular, cellular, or
higher levels of organization.

For the measurement of understanding, three levels of the scientific correctness of
explanations can be differentiated: scientifically correct, scientifically imprecise, and incorrect.

• scientifically correct certifies that the student has a comprehensive understanding of
the specific concept in accordance with the scientific ideas taught in the lesson. It
means that they not only mention the concept but explain all the different aspects of
the specific concept coherently.
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• scientifically imprecise describes a basic understanding of the specific concept compared
to the scientific ideas; however, with limitations in the detailed understanding or in
the ability of presentation. It means that they not only mention the concept but at least
describe some of the different aspects of the specific concept.

• incorrect certifies a lack of or a deficient understanding of the specific concept in
comparison with the scientific ideas or indicates that the concept is not part of the
learners’ written text. It means that they only mention the concept without further
detailed description of aspects of the specific concept or do not mention the concept
at all.

The application of these three categories to the written texts provided detailed insights
into the extent to which the students could explain virus reproduction and protein biosyn-
thesis scientifically correctly. This analysis step was the basis for the further comparison of
the impact of the written text type on the explanations’ scientific correctness found in the
students’ texts. The reliability of the measurement was checked communicatively with the
aim to reach consensus, as already described above for the narrativity of the texts.

Post-test questionnaire

The questionnaire contained three different item blocks named in Section 2.4.1. The
items in part A and C use a Likert scale with the graduation strongly disagree, disagree,
neither, agree, and strongly agree. Questions in part B could only be answered with yes or no.
None of the items offered the option no answer.

2.4.3. Data Analysis

Narrativity of the texts
The written texts of NG and EG were analyzed by use of a deductive category system

based on the “Category System for the Narrativity of Learner Texts” by Zabel [19]. The
narrative and expository texts were coded according to the four categories mentioned in
Section 2.4.2. When a text successfully meets the first three criteria, thereby indicating a
seamless integration of causal, temporal, and motivational elements with a focal problem,
it is classified as a narrative. Consequently, the third criterion emerges as a pivotal factor in
classifying a text in terms of its narrativity.

This categorization process allows for a precise delineation of narrative and non-
narrative texts. It should be mentioned though that this analysis step has no impact on
the allocation of the students into the NG or EG. The crucial variable for this allocation in
our study design is the respective writing task that was assigned to a given learner, not
the actual type of text that he or she wrote as a result of this assignment. Nevertheless, the
categorization of text narrativity serves two important purposes here: Firstly, it allows us
to answer the question of whether the task of writing a narrative or expository text really
led to the required text type, which is interesting information in itself. Secondly, knowing
the type of all of the texts according to a theory-based category system will help us to
better contextualize the results as to the scientific correctness of these texts, as well as their
authors’ writing and learning experience.

Scientific Correctness

Each written text was categorized across all eight concepts according to three distinct
classifications: scientifically correct, scientifically imprecise, and incorrect. In order to
statistically compare the degree of scientific correctness of the two groups and to transfer
the categorization of the texts into metric values, every student received zero to two
points for each of the eight concepts (scientifically correct = 2, scientifically imprecise = 1,
incorrect = 0). In this way, an individual score between 0 and 16 was calculated for the
overall performance during the text writing of each of the 68 study participants across all
eight concepts.

To compare the results of the NG and EG, two different statistical tests were applied:
Based on the individual total scores, the average score of the two sub-samples could be
compared using a T-Test. The T-Test can be used because of the independence of the two
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intervention groups and the metric values based on the scoring. Additionally, the variances
of the two groups for the mean score are homogenous.

In order to check for statistically significant differences within the frequency of each of
the eight concepts between the groups, a 2 × 6 Chi-Square Test was used. For comparisons
where the assumptions are not met (e.g., less than five observations per cell), we performed
Fisher’s Exact Test instead. In those cases where statistically significant differences are
found on a global level, Bonferroni-corrected post-hoc comparisons were performed af-
terwards to identify for which level of scientific correctness the test yields statistically
significant differences. All statistical analyses were performed with a significance level of
alpha = 0.05.

Overall, the analysis allows to examine the relation between the produced text type
(narrative/expository) and the extent of the scientific correctness of the explanations within
the texts. Subsequently it provides an impression of the scientific correctness of the texts as
a measure of the understanding of virus reproduction and protein biosynthesis.

Post-test questionnaire

The answers given in part A and C using a five step Likert scale were transferred into
metric values: 1—strongly disagree, 2—disagree, 3—neither, 4—agree, and 5—strongly
agree. The average score of the two sub-samples were compared using a T-Test. Depending
on whether the variances for the specific item are homogeneous or heterogeneous, the
T-Test for the comparison of NG and EG was performed accordingly.

To compare the given answers from part B, a 2 × 2 Fisher’s Exact Test was used
because there were often fewer than five observations per cell. All statistical analyses were
performed with a significance level of alpha = 0.05.

3. Results

The aim of this study was to examine the impact of a narrative text production on
the understanding of protein biosynthesis and virus reproduction, compared to writing an
expository text. We will report our results step by step in this section and summarize them
at the end (Section 3.4).

3.1. Text Analysis for Narrativity

In Both Interventions, Most Learners Actually Produced the Text Type They Were
Supposed to, with Exceptions in Both Sub-Samples.

The learners’ task in this study was to write either a narrative or an expository text on
virus replication with reference to protein biosynthesis. Using the theory-based “category
system for the narrativity of learner texts” developed by Zabel [19], all texts were checked
for their text style and any deviations were identified (for anchor examples, see Table 2).

In the narrative text group, our analysis revealed that 37 of the 46 texts (80.4%)
submitted could actually be categorized as narrative texts according to Zabel’s category
system. Of the nine texts that were identified as non-narrative, eight nevertheless exhibit
superficial narrativity. This means that they exhibit features of narratives on the surface of
the text, such as a narrator or opening formulae such as “Once upon a time. . .”, but apart
from such surface signals, they do not show a narrative text structure in the true sense, i.e.,
they do not place a problem at the center of the plot and do not indicate the motives and
intentions of the acting characters [19].

In the EG, 20 of the 22 learners actually wrote expository texts. The two remaining
student texts showed signs of structural narrativity according to Zabel’s diagnostic system
and were therefore classified as narrative. Interestingly, almost a third of the learners
(7 out of 22, corresponding to 36% of the EG) used fiction signals in their texts and thus
showed superficial narrativity.
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Table 2. Four deductive categories for the analysis of narrativity of the students’ written texts. Based
on the category system by Zabel [19], with anchor examples from Hendrik’s story. Underline: key
text elements for the assignment of the respective category.

Category for Narrativity Anchor Example

1
Connections between
causal and temporal
events

“He went to a mucosal cell and made himself comfortable on it
with his protein spikes. When it was no longer cozy enough,
it penetrated the mucosal cell [. . .]”

2
Causal connections that
are rooted in underlying
reasons or motives

“When he [virus] saw this, he became angry and wanted revenge.
He devised a plan to do more harm to the human than the cell
did to the virus. He began to reprogram it like a hacker
so that the cell would do something very stupid for humans.
Because suddenly the cell started to work and with the help of
the enzymes the cell multiplied the virus DNA [. . .]”

3
Problems that become
the focus of attention in
the plot

“This shock unexpectedly dissolved the virus until only his
DNA was left. When he saw this, he became angry and wanted
revenge. He made himself a plan [. . .]”

4 Fictional elements
“Once upon a time there was a herpes virus and
his name was Tim [. . .]”

3.2. Text Analysis for Scientific Correctness
3.2.1. Descriptive Statistics Suggest Differences between the Concepts Rather Than
between the Interventions

Table 3 provides an overview of the scientific correctness in both intervention groups,
measured with respect to the eight different concepts of the biological topic. The total
number of texts sampled at the post-test was n = 68. The scientific correctness of the
8 different concepts in all these 68 texts was rated according to the classifications described
in Section 2.4.2. Thus, our analysis encompassed a total of 68 × 8 = 544 individual ratings.
Overall, 225 concepts in the texts (41.4%) were coded as scientifically correct and a further
169 (31.1%) were categorized as scientifically imprecise. In a total of 150 cases (27.6%), the
text quality for the respective concept was classified as incorrect or missing (for anchor
examples, see Table 4).

Table 3. Descriptive statistics of scientific correctness in narrative vs. expository texts. Comparison
of NG and EG, individually rated for eight concepts. Categories of scientific correctness: corr =
scientifically correct, impr = scientifically imprecise, inc/m = incorrect or missing. Absolute values
(in brackets) are indicated below the percentages.

Intervention
“Narrative”

(N = 46)
Rel. Freq. (Abs. Freq.)

Intervention
“Expository Text”

(N = 22)
Rel. Freq. (Abs. Freq.)

Total Sample
(N = 68)

Rel. Freq. (Abs. Freq.)

Concepts Corr Impr inc/m Corr Impr inc/m Corr Impr inc/m

Virus structure 65.2
(30)

10.9
(5)

23.9
(11)

77.3
(17)

4.5
(1)

18.2
(4)

69.1
(47)

8.8
(6)

22.1
(15)

Virus replication 52.2
(24)

19.6
(9)

28.3
(13)

27.3
(6)

22.7
(5)

50.0
(11)

44.1
(30)

20.6
(14)

35.3
(24)

Genetic
information flow

19.6
(9)

30.4
(14)

50.0
(23)

22.7
(5)

22.7
(5)

54.5
(12)

20.6
(14)

27.9
(19)

51.5
(35)

DNA replication 32.6
(15)

47.8
(22)

19.6
(9)

36.4
(8)

45.5
(10)

18.2
(4)

33.8
(23)

47.1
(32)

19.1
(13)

Transcription 26.1
(12)

45.7
(21)

28.3
(13)

27.3
(6)

50.0
(11)

22.7
(5)

26.5
(18)

47.1
(32)

26.5
(18)

Translation 34.8
(16)

47.8
(22)

17.4
(8)

31.8
(7)

27.3
(6)

40.9
(9)

33.8
(23)

41.2
(28)

25.0
(17)
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Table 3. Cont.

Intervention
“Narrative”

(N = 46)
Rel. Freq. (Abs. Freq.)

Intervention
“Expository Text”

(N = 22)
Rel. Freq. (Abs. Freq.)

Total Sample
(N = 68)

Rel. Freq. (Abs. Freq.)

Concepts Corr Impr inc/m Corr Impr inc/m Corr Impr inc/m

Compartmentalization 78.3
(36)

8.7
(4)

13.0
(6)

59.1
(13)

36.4
(8)

4.5
(1)

72.1
(49)

17.6
(12)

10.3
(7)

Levels of Organization 41.3
(19)

30.4
(14)

28.3
(13)

9.1
(2)

54.5
(12)

36.4
(8) 30.9 (21) 38.2

(26)
30.9
(21)

Total 44
(161)

30
(111)

26
(96)

36
(64)

33
(58)

31
(54)

41
(225)

31
(169)

27
(150)

Table 4. Three categories used for analysis of scientific correctness in students’ written texts, with
anchor examples for the seventh concept, compartmentalization.

Category for
Scientific Correctness Anchor Example. . .for Compartmentalization

1 Scientifically
correct

“A long, long time ago, a lonely little virus called Herpes lived in a small
hut on the outskirts of town. [. . .] He was astonished when he stopped in front of
a large building, the Host Cell. [. . .] The door was locked from the outside, but his hand, one of
his spike proteins, fitted perfectly into the notch in the door. The moment Herpes touched the
structure, he found himself inside the cell [. . .]. When one of these enzymes discovered him, he
heard it call out loudly: “DNA, what are you doing here, you must be in the cell nucleus. I’ll
take you there.” [. . .] The employees told Herpes to go to the employee named RNA Polymerase
who was in the same section of the building [. . .]
The employee sticks a sticker with the words mRNA on him and sends him
out of the middle building. [. . .]
Little Herpes arrives in the room where a doctor called Ribosome is apparently in charge.
Unfortunately, Herpes couldn’t see what he was doing there, but suddenly the employees
brought her back to the main building.” (story by Meike)

2 Scientifically
imprecise

“Welcome to Operation DNA 3 [. . .] You are here to let us infect you with a DNA virus. Escape
is not an option. [. . .] In 43 min, everyone in this room will have a DNA virus developed by us
in their bodies. The DNA viruses then introduce their genetic material into the cell nucleus,
where they multiply. This is called replication.
In the cell nucleus, they produce new viruses, known as transcription. [. . .] Translation is the
final step [. . .] [and] takes place on ribosomes [. . .]” (story by Hilde)

3 Scientifically
incorrect

“They [DNA viruses] just go into my neighboring cells. [. . .] He said that they use the cells as
so-called host cells [. . .]
They enter the cell and release their genetic material. Many identical DNAs are formed there,
but they still need a protective coating. They also get this and for this they produce mRNAs,
which are then translated into virus proteins. The virus DNAs are then coated with their
protective coating in the cell nucleus and then it’s off to the next cell [. . .]” (story by Ben)

Evaluated across all concepts, we found only minor differences between the two
intervention groups in terms of the scientific correctness of their respective texts. The most
obvious imbalance between the sub-samples occurs in the highest category: While in the
narrative texts 44% of the codes were coded as scientifically correct, the proportion was
only 36% in the expository texts.

At this point, we noticed a trend for narrative texts to contain more scientifically
correct concepts than the expository ones. The results of the statistical tests, which are
presented in the following, show whether there is actually an advantage for the stories.
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3.2.2. In a Score Analysis, the Two Interventions Do Not Differ as to Overall
Scientific Correctness

In order to quantitatively compare the effect of the narrative vs. the expository
text intervention on the two sub-samples, scores for the text quality in every concept
were assigned as described in Section 2.4.3. Based on the individual scores for scientific
correctness, the average score of the two sub-samples could then be compared using a
T-Test (Figure 2).

Educ. Sci. 2024, 14, x FOR PEER REVIEW  15  of  29 
 

In the cell nucleus, they produce new viruses, known as transcription. […]    Translation is 

the final step […] [and] takes place on ribosomes […]” (story by Hilde) 

3 
Scientifically   

incorrect   

“They [DNA viruses] just go into my neighboring cells. […] He said that they use the cells 

as so-called host cells […]   

They enter the cell and release their genetic material. Many identical DNAs are formed 

there, but they still need a protective coating. They also get this and for this they produce 

mRNAs, which are then translated into virus proteins. The virus DNAs are then coated 

with their protective coating in the cell nucleus and then it’s off to the next cell […]” (story 

by Ben)   

Evaluated across all concepts, we found only minor differences between the two in-

tervention groups in terms of the scientific correctness of their respective texts. The most 

obvious imbalance between the sub-samples occurs in the highest category: While in the 

narrative texts 44% of the codes were coded as scientifically correct, the proportion was 

only 36% in the expository texts. 

At this point, we noticed a trend for narrative texts to contain more scientifically cor-

rect concepts than the expository ones. The results of the statistical tests, which are pre-

sented in the following, show whether there is actually an advantage for the stories. 

3.2.2. In a Score Analysis, the Two Interventions Do Not Differ as to Overall   

Scientific Correctness 

In order to quantitatively compare the effect of the narrative vs. the expository text 

intervention on  the  two sub-samples, scores  for  the  text quality  in every concept were 

assigned as described in Section 2.4.3. Based on the individual scores for scientific correct-

ness,  the average score of  the  two sub-samples could  then be compared using a T-Test 

(Figure 2). 

There was no statistically significant effect for scientific correctness overall, t (66) = 

1.66, p = 0.158, despite  the narrative  intervention group  (M = 9.41, SD = 3.94) attaining 

higher mean scores than the students’ from the expository text group (M = 8.45, SD = 3.39). 

Of course, the small size of the sub-samples, especially the EG, must be taken into 

account with these results. 

 

Figure 2. Boxplots for mean values of the two sub-samples for the scientific correctness of the texts. 

t (66) = 1.66, p = 0.158; narrative intervention group: median = 10, mean = 9.41; expository text group: 

median = 8, mean = 8.45; t (66) = 1.66, p = 0.158. Thick line: median value, cross: mean value. 

Figure 2. Boxplots for mean values of the two sub-samples for the scientific correctness of the texts.
t (66) = 1.66, p = 0.158; narrative intervention group: median = 10, mean = 9.41; expository text group:
median = 8, mean = 8.45; t (66) = 1.66, p = 0.158. Thick line: median value, cross: mean value.

There was no statistically significant effect for scientific correctness overall, t (66) = 1.66,
p = 0.158, despite the narrative intervention group (M = 9.41, SD = 3.94) attaining higher
mean scores than the students’ from the expository text group (M = 8.45, SD = 3.39).

Of course, the small size of the sub-samples, especially the EG, must be taken into
account with these results.

3.2.3. In a Descriptive View, There Are Considerable Differences between the Concepts
Overall, but Much Less between the Interventions within These Concepts

Once the analysis is broken down into individual concepts, a more differentiated
picture of scientific correctness in the texts emerges. Figure 3 shows the proportion of
texts that reached the highest level of ‘scientifically correct’ in the respective concepts,
compared between the two intervention groups. On the descriptive level, the percentage
of scientifically correct descriptions differs considerably with respect to the concepts. For
example, compartmentalization was characterized correctly by 72.1% of the total sample
group (78.3% narrative vs. 59.1% expository). A similar picture emerges for the proportion
of scientifically correct descriptions of the virus structure. In contrast, only 20.6% of the
total sample managed to describe the concept of genetic information flow correctly (19.6%
narrative vs. 22.7% expository). In contrast to these differences between the concepts,
the differences between the interventions within the respective concept appear generally
rather small. In fact, the only concept where the intervention caused statistically sig-
nificant differences in the scientifically correct category is levels of organization. Here,
41.3% of NG participants reached this nominal category, compared to only 9.1% of the
expository intervention.



Educ. Sci. 2024, 14, 521 16 of 29

Educ. Sci. 2024, 14, x FOR PEER REVIEW  16  of  29 
 

3.2.3. In a Descriptive View, There Are Considerable Differences between the Concepts 

Overall, but Much Less between the Interventions within These Concepts 

Once the analysis is broken down into individual concepts, a more differentiated pic-

ture of scientific correctness in the texts emerges. Figure 3 shows the proportion of texts 

that reached  the highest  level of  ‘scientifically correct’  in  the respective concepts, com-

pared between the two intervention groups. On the descriptive level, the percentage of 

scientifically correct descriptions differs considerably with respect to the concepts. For ex-

ample,  compartmentalization was  characterized  correctly by 72.1% of  the  total  sample 

group (78.3% narrative vs. 59.1% expository). A similar picture emerges for the proportion 

of scientifically correct descriptions of the virus structure. In contrast, only 20.6% of the 

total sample managed to describe the concept of genetic information flow correctly (19.6% 

narrative vs. 22.7% expository). In contrast to these differences between the concepts, the 

differences between the interventions within the respective concept appear generally ra-

ther small. In fact, the only concept where the intervention caused statistically significant 

differences in the scientifically correct category is levels of organization. Here, 41.3% of 

NG participants reached this nominal category, compared to only 9.1% of the expository 

intervention. 

 

Figure 3. Descriptive statistics of the proportion of concepts rated as scientifically correct. Dark col-

umns = NG, light columns = EG. 

3.2.4. For Some Concepts, the Frequency of Scientifically Correct or Scientifically Impre-

cise Descriptions Differs Statistically between the Interventions 

Table 3 and Figure 3  in  the descriptive part already suggest  that  the  three quality 

levels are not evenly distributed between the eight concepts and, in a few cases, between 

the interventions within one concept. In order to have a more accurate picture and to check 

the significance of the uneven distribution for every concept, the data obtained were tested 

using a Chi-Square and Fisher’s Exact Test as described in Section 2.4.3. 

Only in two cases were statistically significant results obtained: (1) for the concept 

levels of organization, the number of narrative texts classified as scientifically correct is sta-

tistically significantly higher than the number of expository texts that achieved this clas-

sification χ2 (2, N = 68) = 7.58, p = 0.0226 (Figure 4a). (2) The second statistically significant 

deviation concerns the concept compartmentalization. Here, there were statistically signifi-

cantly more assignments to the medium quality level scientifically imprecise in the expos-

itory texts than in the narratives χ2 (2, N = 68) = 8.26, p = 0.022 (Figure 4b). 

Figure 3. Descriptive statistics of the proportion of concepts rated as scientifically correct. Dark
columns = NG, light columns = EG.

3.2.4. For Some Concepts, the Frequency of Scientifically Correct or Scientifically Imprecise
Descriptions Differs Statistically between the Interventions

Table 3 and Figure 3 in the descriptive part already suggest that the three quality levels
are not evenly distributed between the eight concepts and, in a few cases, between the
interventions within one concept. In order to have a more accurate picture and to check the
significance of the uneven distribution for every concept, the data obtained were tested
using a Chi-Square and Fisher’s Exact Test as described in Section 2.4.3.

Only in two cases were statistically significant results obtained: (1) for the concept levels
of organization, the number of narrative texts classified as scientifically correct is statistically
significantly higher than the number of expository texts that achieved this classification χ2

(2, N = 68) = 7.58, p = 0.0226 (Figure 4a). (2) The second statistically significant deviation
concerns the concept compartmentalization. Here, there were statistically significantly more
assignments to the medium quality level scientifically imprecise in the expository texts
than in the narratives χ2 (2, N = 68) = 8.26, p = 0.022 (Figure 4b).
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Figure 4. Frequency of three levels of scientific correctness for the two concepts compartmentalization
and levels of organization. (a) Compartmentalization, χ2 (2, N = 68) = 8.26, p = 0.022. (b) Levels of
organization, χ2 (2, N = 68) = 7.58, p = 0.0226; *: p < 0.05.
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Apart from compartmentalization and levels of organization, the frequencies of the
quality levels found did not differ statistically significantly from the expected distribution
in any other of the eight concepts. Nevertheless, tendencies in favor of the narrative
intervention can be seen in two other concepts, namely virus replication χ2 (2, N = 68) = 4.16,
p = 0.133 (Figure 5a) and translation χ2 (2, N = 68) = 4.86, p = 0.099 (Figure 5b). In the case
of virus replication, the proportion of scientifically correct narratives is almost twice as
high as that of expository texts (52.2% vs. 27.3%). In the case of the translation concept,
the narratives show, above all, a much lower proportion of texts with incorrect or missing
descriptions (17.4% vs. 40.9%).
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Figure 5. Frequency of three levels of scientific correctness for the two concepts virus replication and
translation. (a) Virus replication, χ2 (2, N = 68) = 4.16, p = 0.133. (b) Translation, χ2 (2, N = 68) = 4.86,
p = 0.099.

3.3. Analysis of Post-Test Questionnaires

The post-test questionnaire is aimed retrospectively at the student authors’ experience
of their own writing process. It is divided into three parts that cover different overall
questions: how helpful was the respective text type in understanding certain aspects of
the topic (part A, items 1–12), which sub-aspects were the learners able to address in
their text (part B, items 13–28), and finally, a more global assessment by the learners of
their respective text type and its usefulness for understanding biological content (part C,
items 29 to 35).

3.3.1. The Text Authors Estimate That Stories and Expository Texts Promoted Their
Comprehension to Roughly the Same Extent

Table 5 shows the students’ metacognitive statements on the effect of the intervention.
The learners rated their own writing process on a scale of 1–5 after writing the text, differ-
entiated according to the eight concepts and four more aspects of virus replication (Table 5,
No. 9–12) and protein biosynthesis (Table 5, No. 1–8). While most of the items focused
on individual sub-steps or structures, items 3, 11 and 12 were aimed at larger contexts or
networks of levels and sub-steps.

A statistically significant difference between the text types only occurred for item
4. When it comes to understanding the process of DNA transcription, the learners in
the expository text intervention (M = 3.48, SD = 0.91) rated their writing process as sta-
tistically significantly more helpful than the students of the NG (M= 3.00, SD = 0.76),
t (66) = 2.232, p = 0.014. In all other aspects, however, including the more cumulative or
summarizing aspects, there was no advantage for either type of text from the authors’
metacognition perspective.
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Table 5. Students’ metacognitive statements on the effect of the intervention on their understanding
of specific biological topics. Post-test questionnaire, part A. Significant t-values are highlighted in
gray and marked with asterisks. * p < 0.05.

Writing the Story/the Expository Text Has
Improved My Understanding of the . . .

Mean
NG

Mean
EG

SD
NG

SD
EG t-Value p-Value

(1) . . .structure of the cell nucleus 3.37 3.77 1.07 0.79 1.549 0.063

(2) . . .DNA replication 3.48 3.59 0.85 1.03 0.468 0.320

(3) . . .genetic flow of information (from the
gene to mRNA to protein).

3.59 3.73 0.92 0.91 0.580 0.282

(4) . . .transcription process 3.00 3.48 0.76 0.91 2.232 * 0.014

(5) . . .relationship between codon and
anticodon.

2.43 2.91 0.80 1.28 1.566 0.061

(6) . . .function of the ribosomes 3.09 3.00 0.95 1.00 0.342 0.367

(7) . . .genetic code 2.74 3.09 1.03 1.20 1.227 0.112

(8) . . .translation process 3.37 3.55 0.96 0.89 0.711 0.234

(9) . . .structure of viruses 4.24 4.27 0.91 0.91 0.140 0.444

(10) . . .the reproduction cycle of viruses 4.30 4.36 0.83 0.83 0.272 0.393

(11) . . .protein biosynthesis as a whole 3.38 3.71 1.02 1.08 1.233 0.111

(12) . . .connection between processes at
different levels of organization (DNA, cell
nucleus, cell, organ, organism).

3.52 3.68 0.88 0.82 0.708 0.241

3.3.2. According to the Participants, 7 out of 16 Aspects of the Topic Were Addressed More
Frequently in Expository Texts, Only 1 More Frequently Than in Narrative Texts

We compared the two sub-samples in terms of whether or not the students claimed to
have addressed any of the 16 different aspects of protein biosynthesis and virus replication
in their text (Table 6). In contrast to parts A and C (items 1–12 and 29–35) of the question-
naire, no graded response options were provided here in part B, but only yes or no. The
differences in frequency were therefore tested for significance using a 2 × 2 Chi Square Test
and Fisher’s Exact Test.

Table 6. Abundance of 16 sub-aspects in the 2 text genres, based on the authors’ metacognitive
statements. Post-test questionnaire, part B: Item text NG: “Which topics or ‘protagonists’ were you
able to address/process in your story (using suitable metaphors and symbols)?”; Item text (EG):
“Which thematic areas and functional components were you able to address/process in your text?”;
χ2 (1, N = 68). Significant χ2-values are highlighted in gray and marked with asterisks. * p < 0.05;
** p < 0.01.

Thematic Area
NG

Abs. Freq.
EG

Abs. Freq. χ2 p-Value

Yes No Yes No

Cell nucleus (structure) 23 23 5 17 4.57 * 0.033

Enzymes of DNA replication 27 19 14 8 0.15 0.699

RNA replication (process) 31 15 20 2 4.39 * 0.036

Genetic information flow 21 25 17 5 6.04 * 0.014

Transcription (process) 22 24 18 4 7.10 ** 0.008

mRNA 28 18 18 4 2.98 0.084
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Table 6. Cont.

Thematic Area
NG

Abs. Freq.
EG

Abs. Freq. χ2 p-Value
Yes No Yes No

Translation (process) 22 24 16 6 3.74 0.053
Ribosomes 22 24 13 9 0.76 0.383
tRNA 6 40 9 13 6.72 ** 0.009
Amino acids and protein 16 30 11 11 1.44 0.230
Codon and anticodon 5 41 9 13 8.21 ** 0.004
Start codon, stop codon 3 43 6 16 5.58 * 0.018
Genetic Code 6 40 7 15 3.39 0.066
Structure of viruses 35 11 19 3 0.96 0.327
Reproduction of viruses 43 2 21 1 0.10 0.752
Change of organization levels 16 30 9 13 0.24 0.624

According to the students’ own assessment, 9 out of 16 sub-aspects were addressed
equally frequently in both types of text. According to the students’ answers, six other topics
were integrated statistically significantly more frequently in the explanatory texts than in
the stories. In contrast, the aspect structure of the cell nucleus was processed more frequently
in stories than in expository texts, χ2 (1, N = 68) = 4.57, p = 0.033.

3.3.3. The Students’ Metacognition Does Not Indicate Any Advantage for One of the Two
Text Types, unless They Are Compared Directly

Table 7 compares both sub-samples with regard to the subjective statements of the
participants on the potential of the text type assigned to them for learning. Items 29 to
35 were aimed at the question of how helpful the students rated ‘their’ text type (nar-
rative or expository text) for understanding biological relationships or learning in the
natural sciences.

Table 7. Students’ metacognitive statements on the effects of their respective intervention. Post-test
questionnaire, part C, five-step-Likert scale: 1 = strongly disagree, 2 = disagree, 3 = neither, 4 = agree,
5 = agree strongly. The bracket [own text type] is a placeholder for “a story” (NG) or “an expository
text” (EG), respectively; Item NG 34 only included in the NG questionnaire. Significant t-values are
highlighted in gray and marked with asterisks. ** p < 0.01.

Item Mean
NG

Mean
EG

SD
NG

SD
EG t-Value p-Value

(29) I find it useful to write [own text type] in
biology lessons.

3.26 3.09 1.13 1.08 0.579 0.282

(30) Writing [own text type] helped me to
understand and comprehend protein
biosynthesis as a whole.

3.37 3.23 1.09 1.28 0.469 0.320

(31) I can understand and comprehend biological
content more easily with the help of [own
text type] than with the help of [other text
type].

3.54 2.73 1.19 1.01 2.730 ** 0.004

(32) I would like to write [own text type] about
biological issues more often in class in the
future.

2.85 2.64 1.41 1.30 0.583 0.281

(33) It was easy for me to write a [own text type]
about the reproduction of viruses.

3.16 3.50 1.25 0.90 1.144 0.128

(34/35) By writing the [own text type], I have
dealt with the topic in depth. 3.78 3.71 1.14 0.88 0.244 0.404
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Table 7. Cont.

Item Mean
NG

Mean
EG

SD
NG

SD
EG t-Value p-Value

(34 NG)

When learning scientific content, I
have already occasionally used
stories (story-like elements) (also
mentally).

2.27 - 1.31 - - -

As a result, there was no advantage in favor of one of the two text types from the
respondents’ point of view. One exception is item 31, the only item in which one’s own text
type is directly compared with the other text type. Here, a statistically significantly larger
proportion of the narrative intervention found the text type ‘story’ to be more conducive
(M = 3.54, SD = 1.19) to understanding with regard to biological content than participants
from the EG (M = 2.73, SD = 1.01), t (66) = 1.66, p = 0.004.

3.4. Summary of Results
3.4.1. Narrativity and Scientific Correctness of the Texts

In both interventions, the majority of the students actually produced the text styles
that they were asked to write. However, there were exceptions in both sub-samples. For
example, in the narrative intervention, 9 out of 46 texts were actually not true narratives
as they did not place a problem at the center of the plot and did not indicate the motives
and intentions of acting characters [19]. In the expository text group, on the other hand,
2 out of 22 student texts were classified as narratives according to the criteria of structural
narrativity mentioned above. Furthermore, seven texts in this intervention are superficially
narrative, as they contained fiction signals.

As to the scientific correctness of the texts, the overall impression is that the influence
of the intervention was rather small. While the students performed quite differently across
the eight concepts of protein biosynthesis and virus reproduction, within most of these
concepts it made no difference whether the students were supposed to write a narrative
or an expository text. This impression from the descriptive viewpoint was confirmed by
the score analysis, as the mean values of scientific correctness do not differ between the
two interventions.

However, in some cases there are interesting exceptions from this overall picture.
The observed frequencies in the 3 × 2 matrix allowed us to reject the null hypothesis for
two out of eight concepts, namely levels of organization and compartmentalization. In
the case of levels of organization, the narrative intervention led to a higher frequency of
scientifically correct descriptions in the texts, χ2 (2, N = 68) = 7.58, p = 0.0226. For the
concept compartmentalization, the only statistically significant difference in the matrix is
that scientifically imprecise descriptions were much more frequent in expository texts than
in narrative ones, χ2 (2, N = 68) = 8.26, p = 0.022. However, the overall picture of this matrix
suggests that the high proportion of scientifically correct descriptions in the narratives
(78,3% vs. 59,1%, see Figure 4a) has contributed considerably to this picture.

Furthermore, tendencies in favor of the narrative intervention can be observed in two
other concepts, namely virus replication and translation. In the case of virus replication, the
proportion of scientifically correct narratives is almost twice as high as that of expository
texts (52.2% vs. 27.3%). Still, this difference is not statistically significant, which is probably
also due to the small sample sizes.

3.4.2. Post-Test Questionnaires

The post-test questionnaire was aimed retrospectively at the authors’ experience of
their own writing process, directly following the writing exercise. The students estimate
that stories and expository texts promoted their comprehension to roughly the same extent.
A statistically significant advantage for the expository text intervention (M = 3.48, SD = 0.91)
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only occurred for one aspect, the process of DNA transcription rather than the narrative
intervention (M = 3.00, SD = 0.76), t (66) = 2.232, p = 0.014. In all other aspects, however,
including the more cumulative or summarizing aspects such as protein biosynthesis as a whole,
there was no advantage for either type of text from the students’ metacognitive perspective.

According to the participants, 7 out of 16 aspects of the topic were addressed more
frequently in expository texts, and only 1 (cell nucleus structure) was more frequently
addressed in stories.

In their overall judgement, the students see no advantage for one of the two text types,
unless these types are compared directly, as in item 31 “I can understand and comprehend
biological content more easily with the help of X than of Y”, t (66) = 1.66, p = 0.004.

4. Discussion

The overall research goal of our study was to examine the impact of a narrative text
production on the understanding of protein biosynthesis and virus reproduction, compared
to writing an expository text. We see the relevance of our results in being able to provide
indications for (1) in which specific phases or partial aspects of learning and understanding
the production of one’s own stories could possibly reveal potential for teaching biology,
(2) where exactly this potential lies, and (3) which mechanisms of action the patterns found
in the data possibly speak for. However, before we discuss our findings in detail, we will
revisit the current study situation in order to recall the gaps in previous studies and some
of the challenges that characterize this research field.

4.1. Research Gaps and Challenges of the Field

As outlined in the introduction, our knowledge about the effect of narration on
learning and understanding in science lessons is still very patchy. A reliable overall
picture from empirical results of intervention studies is not yet available and the results
are inconsistent [22,23]. The reasons for this are manifold. We will roughly explain some
of these reasons here at the beginning of the discussion section in order to better assess
the significance of the findings described further below. So, what are the obstacles and
challenges that characterize the field of research in general? We see three main ones.

Firstly, there is the complexity of the phenomenon of narration itself, which is not
easy to delimit empirically. Depending on the discipline in question, e.g., linguistics [45]
or literary studies, there are different definitions of what a story is. Overall, the theoreti-
cal perspectives on narration are drawn from many academic disciplines; e.g., narrative
psychology, psycholinguistics, and classical narrative theory. For this study, we chose
a theoretical approach that focuses on the construction of knowledge [2,14]. Bruner’s
definition of narrative as a universal everyday mode of world construction places it at
the center of teaching. However, this upgrading from a constructivist perspective also
brings empirical problems with it. Because the narrative mode, as Bruner describes it [2,14],
deeply permeates and determines our everyday thinking, it is practically impossible to
create a control group that is narrative-free in the strict sense within an empirical study.

A second research gap is linked to the nature of the intervention, in particular the
question of whether it is receptive (i.e., learners are given a prefabricated story to read
or listen to) or whether they are asked to write a story themselves, as in this study. The
vast majority of existing studies investigate the effect of receptive interventions. From the
constructivist perspective on narrative outlined above, it would make sense to encourage
students to construct new knowledge through productive tasks.

A third complication, which makes the overall research situation less meaningful,
arises from the diversity of the target variables in intervention studies on narration. What
exactly the study authors want to promote with their intervention differs from case to
case, as does the role of the narrative phase for the learning arrangement as a whole. The
spectrum ranges from prefabricated stories, which are intended to promote motivation
as an introduction to a new teaching topic without affecting the actual learning phase,
to narratives written by the students themselves, in which explanations for phenomena
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are designed and which are aimed directly at a conceptual change process in the sense of
constructivist understanding tools [20,46].

Against the background of all these limitations and difficulties, we cannot speak of a
well-defined research gap that could be closed with a few empirical studies. Rather, we are
only at the beginning of what we might cautiously call an ‘enlightened’ phase of research
into narration in science didactics. We will return to this idea at the end of the discussion.

4.2. The Biological Topic and Methodology Used in This Study

As we explained in Section 1.2.2, the topic of protein biosynthesis and virus reproduc-
tion bears some inherent challenges for the learners. It is a compulsory topic in the biology
curriculum and certainly somewhat demanding, as it requires at least basic knowledge in
cell biology, molecular biology, and biochemistry. Particularly the size and time scale of the
structures and processes make it impossible to experience them directly. Furthermore, a
basic understanding of the interaction between different organizational levels is a prerequi-
site and a difficulty [33] linked to the rather abstract concept of genetic information flow
from DNA to the final protein [34]. Students tend to confuse genes with characters, mixing
up genotype and phenotype [35]. As an additional challenge, many of the technical terms
used to explain biosynthesis, such as ribosomes or mRNA, are new, complex, and hard to
contextualize for the students. In contrast to the more organismic curricular topics such as
evolution or ecology, cell biology uses dimensions and time scales that are difficult for the
learners to imagine. While there do exist preconceptions about viruses [38], we still assume
that, e.g., in contrast to evolutionary phenomena on a macroscopic scale that are linked to
well-known animals or plants, the topic of protein biosynthesis and virus reproduction is
not likely to facilitate a narrative conceptualization in a world close to human experience,
as most of the structures and processes in this microscopic and molecular realm are not
directly accessible and hard to make sense of or even imagine for the students.

As to the methodology of this naturalistic study, two sub-samples were compared
with each other who had written different types of texts about the previously covered
learning material. In contrast to previous studies that are roughly comparable [20], the
students in our study were not allowed to choose the text type but were randomly assigned
to one of the two interventions instead. From our own years of teaching experience not
only in biology, but also in German or Ethics lessons, we assume that while there are in fact
some pupils who really enjoy writing stories, especially in lower secondary school, many
students tend to reject stories and prefer concise and factual forms of written expression
instead. Some learners do not write long texts simply because they generally do not feel
confident in written expression and like to keep writing at school to a minimum. Although
there is no proof, as these preferences were not covered by our questionnaire, chances are
we might have forced a considerable proportion of the sample group to write a narrative
text against their own preferences. Furthermore, many students presumably did not fancy
writing an extensive text in a science lesson at all.

Another distinctive feature of our intervention is the fact that it only encompassed
the final phase of the teaching unit, not the main one. It was not a ‘narrative teaching unit’
overall. Instead, the narrative method was only used in the sub-sample in order to engage
the students in subsuming the lesson content and make sense of it in a productive and
constructive manner. We need to keep this in mind while discussing the findings in detail.

4.3. Discussion of the Results, Related to the Research Questions 1–3

The overall goal of this study was to explore the potential of a productive narrative
method for understanding a classical biological topic. We will now discuss our findings,
guided by the research questions formulated in Section 1.2.3.
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4.3.1. To What Extent Does the Task of Writing a Narrative or Expository Text Really Lead
to the Students Producing the Required Text Type?

Even if instructed to write a narrative, roughly 20% of the student authors did not
produce a structural narrative according to the criteria by Zabel [19]. On the other hand,
10% of the student texts in the expository text intervention were actually narratives. From
a methodological point of view, this aspect could also be called intervention fidelity, but of
course there are some grey zones to this fidelity when it comes to narrative text writing.
Stories are characterized by a temporal and intentional causal linking of events; i.e., also
by a central problem, its complication, and the corresponding approaches to resolving the
problem situation [2,19,43]. The criterion of structural narrativity is therefore suitable as
a decisive factor for classifying a text in terms of its narrativity. As we reported in our
results, while the great majority of the 10th graders was able to produce the text style
they were supposed to, there were deviations in both directions. Some students from the
NG produced texts that only contained superficial but no structural narrativity, whereas
some students from the EG actually included narrative elements in their texts. As we
found no evidence in the data that would support other assumptions, we tend to assume
here that both deviations from the text style in the instruction happened more or less
unwillingly. Given that our intervention did not encompass any further explanation of the
text style but simply relied on the student authors’ previous knowledge, these deviations
probably reflect the sample group’s writing competence, more precisely their ability to
use the two genres narrative and expository text within the respective limits and rules.
Consequently, we conclude from our results that (1) the intervention fidelity in our sample
group (10th graders from a German gymnasium) appears sufficiently high in order to
make a real differentiation between the two interventions, and (2) that it seems to be both
reasonable and empirically feasible to identify ‘real’ narratives in a constructivist sense by
using the criterion of structural narrativity. The distinction between structural narrativity
and superficial story features appears significant for future studies, in particular if they
adopt a constructivist approach similar to the one chosen here.

4.3.2. What Is the Relationship between the Produced Text Type (Narrative or Expository
Text) and the Degree of Scientific Correctness of the Written Texts Regarding Eight
Concepts of Protein Biosynthesis in the Context of Virus Reproduction?

As we reported in Section 3, the overall descriptive view shows differences between the
eight concepts rather than between the two interventions. Actually, in a score analysis, the
two interventions did not differ as to the overall scientific correctness of the texts produced
by the students. We conclude from these results that the influence of the intervention
was rather small. Within most of the eight concepts it made no difference whether the
students were supposed to write a narrative or an expository text. Apparently, the concept
itself and its representation in the teaching sequence were more influential than the text
style when it comes to scientific correctness. The exceptions were the two concepts of
levels of organization and compartmentalization, where the narrative intervention showed
some advantages. Furthermore, there were noticeable tendencies in favor of the narrative
intervention for virus replication and translation.

As far as the two concepts levels of organization and compartmentalization are con-
cerned, the results reported here encourage a special consideration. It is conceivable that
the narrative text format systematically foregrounds the organizational level of the organ-
ism in the text, because stories tend to deal more often with people and their experiences
than with viruses and molecules. Primo Levi’s famous novel “Carbon” [47] provides a
counterexample, but perhaps this masterpiece is the exception to the rule. In a similar way,
the concept of compartmentalization could also be given more weight in narrative texts,
because the narrative mode turns the compartments into places of a narrated plot, and thus
into important narrative elements. Whether certain basic concepts benefit from non-fiction
or narrative texts could be an interesting question for future studies.

All in all, our impression as to this research question is that (1) the non-scientific text
style of the narrative apparently was no hinderance for the students in expressing their
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biological knowledge on the topic in a scientifically correct way, even though most of them
actually engaged in writing ‘real’ stories that featured structural narrativity. Furthermore,
for some of the concepts at stake, the narrative intervention even improved the text quality
in terms of scientific correctness. This is particularly interesting in the case of levels of
organization, a crucial and demanding concept that is representative of the difficulty of
this learning area (see Section 2). Due to their typical and self-contained beginning–middle–
end structure (see Section 1), narratives offer a tangible structure for the integration of
scientific content. This ‘template’ is particularly suitable for the presentation of processes
with a definable start and end, such as virus replication. The structure facilitates the
meaningful processing, organizing, and linking of information [48,49]. This possibly can
be related to the positive tendency of the narrative intervention group for the concept
of virus replication. The concepts of compartmentalization and levels of organization,
however, cannot easily be framed in this explanation, as they do not contain an obvious
beginning–middle–end structure.

In addition to these interesting details in the data set, our findings do not indicate a
general advantage of the narrative intervention. We assume that the small sample size,
coupled with the methodological conditions described in Section 4.2, i.e., the very limited
extent of the narrative intervention in our design and the fact that the students did not
have a choice of text styles, contributed to the overall effect on scientific correctness being
rather weak. It is remarkable, against this background, that some statistically significant
advantages (and no disadvantages) of the narrative intervention could be found.

4.3.3. How do the Students Evaluate Their Own Writing Process, i.e., to What Extent Did
the Respective Intervention Help Them Understand the Biological Topic and Its
Different Aspects?

According to the questionnaire data, the student authors in our study assessed that
stories and expository texts promoted their comprehension to roughly the same extent.
Based on the memory of these young text authors, 7 out of 16 sub-aspects of the topic protein
biosynthesis and virus replication were addressed significantly more often in expository
texts, and only 1 sub-aspect was addressed more frequently in narrative texts. The students’
own assessment does not indicate any advantage for one of the two interventions, with
one exception. If the text styles are compared directly, as in item 31, the students believe
narratives to be more conducive to understanding biological content than expository texts.
The majority of items in the questionnaire, however, do not support this advantage for
stories. It is therefore possible that the students answered item 31 with a more general
scope, as the wording of the item does not refer to the actual text that they just wrote but
rather provokes a general statement. It could even be understood as a comparison of given
(not self-produced) text types. So, we need to state here, as a conclusion, that in the eyes of
the students, neither the narrative nor the expository text intervention in our study had any
advantages over the other. Interestingly, although the authors of narratives claim to have
mentioned significantly less concepts in their texts, this memory does not resonate with
analysis of their texts as to scientific correctness. If in fact so many concepts had not been
addressed in the NG groups’ texts, this would have had a negative impact on the results as
to the scientific correctness. Actually, the authors in the NG group seem to underestimate
the scientific quality of their texts, at least the range of topics mentioned therein, which is
an interesting observation.

4.4. Implications for Research on Narrative in Science Teaching, and for Teaching Practice (RQ 4)

At the beginning of the discussion, we characterized the research situation in order
to be able to better classify our own findings within it. For the current phase, the latest
review article by Soares et al. (2023) obviously marks the transition to a more unexcited,
demystified phase of research into the phenomenon of narration in science didactics. The
present study can make a contribution to this clarification and patient measurement, also
and precisely because its results are rather unspectacular. Our study did not aim to clarify
the question of whether or not narrative should have a place in science lessons. This
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would be completely out of place due to the small sample size alone. Other studies have
chosen a more comprehensive design that corresponds much better to an overall narrative
intervention [26,27]. It is all the more surprising that the minimal intervention in our
study brought significant advantages in favor of the narrative texts in at least two of eight
concepts, and at least tendencies in two other concepts. It could therefore be said that
the design of the study was more of a scalpel than a mallet from the outset. Our aim
was not to make a broad narrative intervention potentially reveal a strong contrast in the
comparison between ‘ordinary’ teaching in the EG and a progressive narrative method,
which could then be positioned as evidence for the effectiveness of narrative in general.
Rather, our aim was to look with a magnifying glass and to obtain indications of possible
causal relationships through the differentiated concept-related examination of the texts and
the precise questioning of the text authors. We estimate that our results will encourage more
small-scale naturalistic studies like this, given that our intervention could be integrated
relatively easily into regular lessons and yet provided a differentiated picture of the effect
of a narrative phase on certain aspects of a biological topic. For example, it would be
interesting to know whether the ability of students to cope with the widespread confusion
of the levels of organization [33] can also benefit from narrative interventions in other
contexts or in bigger studies.

As to the question of which conclusions can be drawn as to the future use of narrative
for the development of biology lessons (a) in the context of virus reproduction and (b) in
general, we conclude from our findings that it is too early for general recommendations
regarding the use of narrative in the science classroom—at least if they are to be empirically
sound. Rather, our results once more underline the fact we need to clarify exactly what
we expect from a narrative intervention and how we can measure precisely this effect.
Still, we think it is remarkable that despite the gap between the narrative and the scientific
mode that Bruner describes, and even despite the lack of a reflective phase in our lesson
plan, the narrative intervention in our study did not affect the results of the lessons, but
rather showed a few positive effects. This means an encouraging message for the teaching
practitioners: they should feel free to experiment with individual narrative phases even in
a conventional setting. It will not immediately jeopardize the success of their lessons just
because narrative, at first glance, seems so out of place in a science class.

To what extent can our findings be transferred to other scientific topics? The empirical
research situation is currently still too thin and the respective study designs are not com-
parable enough to make clear assignments as to which topics are particularly suitable for
narration and which are less so. In addition, the declared goal of the educational processes
is also important here: If one decides to use narratives in science lessons for reasons of
developmental psychology, e.g., because learners are currently located in the romantic
phase [48], then the objective of a narrative intervention goes beyond the classical learning
objectives of the biological curriculum in a narrow interpretation. If, on the other hand, one
concentrates more on cognitive understanding processes and the acquisition of specialist
knowledge, then predictions about the effectiveness of narration in individual subject
areas could refer to an assumed fit between the factual structure of the topic at stake and
the story schema, as we pointed out in the introduction section. What does this mean
for the interpretation of our results here? First of all, the technical structure of protein
biosynthesis and virus replication basically offers a suitable form for a linear narrative.
Secondly, potential main characters in the plot, such as the virus and its host cell in our
case, also facilitate narrative realization and anthropomorphic representation. Since there
is also an antagonistic relationship between them, this promotes the use of a good-and-evil
scheme, as the students’ texts show. An in-depth, case-based analysis of the texts was
not part of our method. However, the overview of the texts that we obtained from the
deductive analysis allows us to formulate the following observations: an anthropomorphic
representation of the virus as a villain or as a positively cast hero of a story was particularly
attractive for the learners. The temporal and spatial structure of protein biosynthesis and
virus replication, on the other hand, was usually only described, even by the story authors,
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in terms of a technical process. The complicated processes in the cell therefore did not
‘automatically’ benefit from a narrative realization, possibly because the learners’ prior
knowledge was not sufficient in many cases. E.g., their less concrete idea of a ribosome
did not inspire them to a narrative realization. Consequently, it would be too simplistic
to assume that using narratives in the science classroom is a promising strategy to use
narratives when they are structurally close to the topic. In addition to the structural fit of
the topic to story grammar, the learners’ prior knowledge of the specific topic is probably
also very important for the success of a narrative strategy. Furthermore, Bruner ([2], p. 147)
describes “contrast, confrontation and metacognition” as a didactic strategy when dealing
with the narrative mode. Stories can therefore be particularly effective for learning where
there are breaks and inconsistencies with the factual structure of the topic, or overly crude
anthropomorphisms and moral judgments. However, these must then be reflected on
together in class later on. It follows that the question of whether or not anthropomorphic
and incorrect elements of learner stories can be specifically reflected on later in the lesson
plays a role, may be as important as the structure of the topic itself. Narration is therefore
not a didactic “all-purpose weapon” that would be equally conducive to learning for all
scientific topics [22]. In addition to the mere writing or reading of a story, it is the tension
between narrative and scientific thinking that should be used productively in the science
classroom [2].

A narrative effect can only be examined with regard to the educational goal, the age
group, the specific role of the stories in the teaching sequence and, of course, the respective
scientific context. For example, our intervention was not designed to reflect the texts and
thus emphasize the “contrast” described by Bruner ([2], p. 147). The stories written by
our sample group primarily served to deepen and link prior knowledge. Our results are
therefore only transferable to a limited extent to other scenarios in which narration is used.
However, they at least provide indications that thematic fit is only one of many factors
when it comes to the effectiveness of stories for learning. We need much more empirical
evidence before we can draw general conclusions.

With this study design, we are responding to the findings of Soares et al. (2023), who
were unable to find sufficient empirical evidence for a general narrative effect in their
current review. Therefore, they suggest that future studies should be more nuanced; i.e.,
more specific about what the narrative intervention consists of and what its expected effect
should be. We believe that our study and its results are in line with this suggestion. They
can therefore contribute to a more differentiated research situation in which narration is no
longer evaluated in a generalized way.

4.5. Limitations

This study is a naturalistic quasi-experimental intervention study in a school context,
using a convenience sample group. Its most important limitation is a comparatively small
(and unevenly distributed) sample. Furthermore, the test design is simple in that it relies
only on the students’ self-written texts and a post-test questionnaire. We did not perform
a pre-test, a limitation which makes the comparison of the two groups less reliable. As
they were natural classes and not randomized sample groups, we cannot assure that a
pre-test would have shown homogeneous sub-samples with respect to previous knowledge
in biology or other relevant variables. Also, our category system for scientific correctness
does not directly reflect understanding or knowledge but is also sensitive to the language
use of the students. For example, a text in a more colloquial writing style could have
led to an underrating of their student’s scientific understanding. Whether the extent of
scientific understanding can be derived from a text analysis is debatable: if someone is able
to reproduce specialist content in an explanation, this does not always mean that they have
understood it well. Other factors such as linguistic fluency, perhaps creativity, etc., have a
significant influence on the writing process.

Another relevant limitation is the reliability of the coding process. The two coders
compared their results and eventually reached consensus, so that no intercoder reliability
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was calculated. In hindsight, this would have made the quality of the category systems
and the coding process more transparent.

As to the explanation of our results, our study design does not provide enough data
about the extent to which (narrative) text production enabled in-depth understanding. For
example, we cannot distinguish here between the understanding that the course already
achieved in advance and the understanding specifically fostered by our intervention.
Process data from the teaching sequence, coupled with individual interviews, could answer
the question of what the text production actually contributed to individual conceptual
change processes. With the existing data set, we cannot discern whether the significance of
the (narrative) writing process lies more in the linking of existing knowledge or whether
new knowledge (in the sense of a superordinate context) was generated during writing.
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