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Abstract This paper explores the challenges associated with assessing socioscientific argumentation
(SSA) using the assessment triangle as a framework. Our considerations point to the difficulty of validly
capturing SSA as it depends on how it is measured (observation) and how the construct is inferred from
the observation (interpretation). Therefore, we systematically varied observation and interpretation
by implementing four dilemmas and two coding schemes. In total, 64 preservice teachers for biology
processed two to four dilemmas with different contexts, and their argumentation was analysed using
two similar coding schemes for structural complexity to investigate whether there are systematic differ-
ences in the inferred level of SSA, even if the coding schemes are similar. Our findings show that, on
average, the participants achieved an approximately medium level of SSA in both schemes. A significant
difference in participants’ SSA levels when coded with the same scheme was only found between four
of the 12 possible pairwise dilemma combinations. With regard to the relevance of interpretation, the
participants achieved significantly higher levels in one coding scheme than in the other, regardless of
the dilemma. These results indicate that the specific dilemma can but does not necessarily influence
the level of SSA. Conversely, the choice of coding scheme has a major influence on the interpretation,
which stresses the importance of carefully choosing an appropriate coding scheme.

Résumé Dans cet article, nous abordons les défis liés a 1’évaluation de I’argumentation socioscien-
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tifique (ASS) en utilisant le triangle d’évaluation comme cadre. Nos réflexions soulignent la difficulté
de cerner de maniere valide I’ASS, car celle-ci dépend de la facon dont elle est mesurée (observation)
et de la maniere dont le concept est déduit de I’observation (interprétation). Nous avons donc systéma-
tiquement varié I’observation et I’interprétation en mettant en ceuvre quatre dilemmes et deux schémas
de codage. En tout, 64 enseignants en formation initiale en biologie se sont penchés sur deux a quatre
dilemmes présentant des contextes différents, et nous avons analysé leur argumentation a 1’aide de
deux schémas de codage comparables pour la complexité structurelle afin de déterminer s’il existe
des différences systématiques dans le degré d’ASS déduit, méme lorsque les schémas de codage sont
similaires. Nos recherches montrent qu’en moyenne, les participants ont atteint un niveau d’ASS rela-
tivement moyen dans les deux schémas. Une différence notable dans les résultats d’ASS des personnes
testées avec le méme schéma n’a été observée que dans quatre des douze combinaisons de dilemmes
possibles. En ce qui concerne la pertinence de I’interprétation, les participants ont atteint des niveaux
nettement plus élevés dans un schéma de codage plutdt que dans 1’autre, quel que soit le dilemme.
Ces résultats indiquent qu’un dilemme particulier peut influencer le degré d’ASS, mais pas forcément.
A T’inverse, le choix du schéma de codage exerce une influence majeure sur 1’interprétation, ce qui
souligne I’importance de choisir avec soin un schéma de codage approprié.

Keywords Socioscientific argumentation - Assessment triangle - Validity

Introduction

An important goal of science education is to help students develop a scientific understanding that
will empower them to participate in and contribute to science-related discussions of societal rel-
evance (e.g. DeBoer, 2000). This includes engaging with socioscientific issues (i.e. ‘social issues
with conceptual or technological ties to science’; Sadler, 2004, p. 513), which — due to their con-
troversial nature — require the evaluation and weighing of different and sometimes conflicting argu-
ments and positions (Jiménez-Aleixandre & Erduran, 2008). This argumentative engagement with
socioscientific issues, which is defined in this paper as socioscientific argumentation (SSA), can be
described as complex and cognitively demanding, as multiple viewpoints need to be considered in
the argumentation and there are usually no clear-cut solutions to the underlying problem (e.g.Bencze
et al., 2020; Zeidler, 2014).

In consideration of the importance of SSA for science education, research on the (validity of) assess-
ment of SSA is an essential objective of science education research (Nielsen, 2020). In the context of
scientific reasoning competencies, Osborne et al. (2016) argues that the development of assessment
instruments is pertinent to science education for several reasons: The utilisation of assessment instru-
ments is conductive to the clear operationalisation and communication of constructs. Furthermore,
these instruments have the potential to facilitate the integration of novel concepts into the implemented
curriculum. This is due to the tendency of teachers to prioritise constructs that are the focus of (high
stakes) tests. Additionally assessment items can be employed for teaching purposes in science classes.
One of the challenges associated with SSA concerns the inconsistency of a person’s SSA across different
contexts (e.g. Topcu et al., 2010). As such, ‘context dependencies’ have been identified as a possible
threat to valid assessments (Krell et al., 2014; Shavelson, 2013) and only few empirical studies on con-
text dependencies of SSA are available to date; further research is needed on how SSA can be assessed
validly and what potential threats to validity exist in the assessment of SSA.

Typically, the assessment of SSA in science education uses science-related scenarios (e.g. moral-
ethical dilemmas) that require respondents to make or to evaluate a decision, which is then analyzed
using a coding scheme to infer the respondents’ level of SSA (e.g. Cetin et al., 2014; Topgu et al., 2010;
Krell et al., 2024). This assessment approach harbors two major threats to validity: First, it can be
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argued that the context of an assessment task (e.g. the specific moral-ethical dilemma) might influence
respondents’ SSA due to a possible lack of relevant content knowledge (e.g.Baytelman et al., 2020; Gar-
recht et al., 2021; Osborne et al., 2016; Sadler & Zeidler, 2005a; Topgu et al., 2010) or due to context-
dependent affective features, such as motivation (see Zeidler, 2014). The context can, hence, influence
respondents’ performance (i.e. the specific type or quality of argumentation). From an assessment
perspective, the influence of the context on performance poses a problem for the generalisation of test
scores (Osborne et al., 2016) and thus for the development of reliable and valid assessment instruments
(Shavelson, 2013). Second, various coding schemes for performance interpretation have been proposed
(e.g. Reitschert et al., 2007; Sadler & Fowler, 2006). However, it remains unclear how these different
coding schemes compare in capturing performance accurately and reliably across contexts. Therefore,
a comparative analysis of these coding schemes is needed to better understand their suitability for spe-
cific purposes. This understanding is particularly relevant because the choice of instruments used to
assess SSA levels can affect their validity. For example, it is crucial to determine whether a change of
perspective—as suggested in one of the coding schemes used in this study—is sufficient to achieve a
high level of SSA or whether additional factors need to be fulfilled—as suggested in the other coding
scheme used in this study. In addition, such comparative research on coding schemes can contribute to
the stated challenge of making learning objectives related to the elaboration of socioscientific issues
operational for assessment and teaching (Nielsen, 2020).

Using the assessment triangle (NRC, 2001) as an analytical framework (Shavelson, 2013), the present
study explores both potential threats to validity with regard to SSA (i.e. context and coding scheme).
To this end, we used a quasi-experimental design in which preservice teachers (biology) engaged in
the practice of SSA. Additionally, the observation (i.e. how SSA was measured) and the instruments
used for performance interpretation (i.e. how SSA was evaluated) were varied by using four different
dilemmas (observation) and two different but similar coding schemes (interpretation). In this way, the
influence of these two independent variables (observation and interpretation) on the inferred level of
SSA (i.e. dependent variable) was systematically analysed.

The Assessment Triangle

The assessment triangle (Fig. 1) was proposed by the US National Research Council (NRC) in 2001.
According to the NRC, the fundamental purpose of educational assessment is to generate data ‘that
can be used to draw reasonable inferences about what students know’ (p. 42). The process of collect-
ing evidence to support certain conclusions is represented as a triad of construct (What is measured?),
observation (How is it measured?), and interpretation (How can the construct be inferred from the
observation?) in the assessment triangle. For an assessment to be considered effective, it is necessary
that each of the three elements be present (NRC, 2001). Hence, the assessment triangle offers a pow-
erful framework for studies aiming to evaluate the validity of test score interpretation in educational
research (e.g. Krell et al., 2022). In terms of assessing SSA, the assessment triangle indicates that a
clear definition of the research interest (i.e. construct: SSA), a thorough understanding of how the data
is collected (i.e. observation: moral-ethical dilemmas), and legitimate inferences based on these data
(i.e. interpretation: coding schemes) are necessary.

Construct: What Is Measured?

In the context of the assessment triangle, a construct is a well-defined and literature-grounded concept
that represents a specific attribute or ability of interest (NRC, 2001). As a hypothesis for testing, a
clearly defined construct enables the differentiation between good and poor performance. To ensure the
construct’s validity, it is essential to establish a precise definition that is firmly rooted in the existing
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literature and can effectively differentiate between varying levels of performance (e.g. Messick, 1989;
NRC, 2001). The importance of a clear construct definition is also highlighted in the Standards for
Educational and Psychological Testing (AERA et al., 2014), which emphasise that ‘important valid-
ity evidence can be obtained from an analysis of the relationship between the content of a test and the
construct it is intended to measure’ (p. 14). By demanding a clearly defined construct and grounding it
in literature, the assessment triangle supports educators and researchers to develop targeted assessments
and make valid inferences about the attribute or ability under investigation.

In science education and in the present study, the construct of SSA is defined as argumentative
engagement with socioscientific issues that requires—among others—the evaluation of evidence, the
elaboration of multiple and/or conflicting positions, and the inclusion of values and societal aspects
(e.g. Christenson & Walan, 2022; Sadler & Donelly, 2006). In addition, a few studies have concluded
that SSA performance can be context dependent (e.g. Ladachart & Ladachart, 2021; Sadler & Zei-
dler, 2005a, 2005b); Topgu et al., 2010) and that it usually comprises several levels that differ in
their complexity, which can be used to differentiate between good and poor performance (e.g. Krell
et al., 2024; Reitschert et al., 2007; Sadler & Fowler, 2006). In the present study, we refer to the struc-
tural complexity of SSA, which is defined as the interplay of multiple arguments that are considered in
the argumentation process (see Krell et al., 2024). Increased structural complexity is thus characterised
by a greater interplay of arguments.

Observation: How Is It Measured?

Observation describes the performance of an individual on a single task or on a series of tasks, where
the ‘universe of possible tasks and responses for observing performance, [...] logically follows from the
definition of the construct’ (Shavelson, 2013, p. 78). As discussed by Mathesius and Krell (2019), and
regarding the assessment of SSA, there is a huge number of possible tasks that include, for example,
different contexts and test formats (e.g. performance assessment, open-ended or closed tasks), which
can impact the cognitive demands of a task, which in turn affect the observed performance (e.g. Mar-
tinez, 1999; Sadler & Zeidler, 2005a). In this study, we focus on different contexts as variation of the
observation, and not, for example, the type of test format.

The term context is used in various ways in science education (Gilbert, 2006). In this paper, the term
context is understood as proposed by Krell et al. (2015), who equate it with ‘task context’, that is the task
stem or an item characteristic in the assessment instrument itself. Finkelstein (2005, p. 1192) further
defines the task context as ‘the storyline of a problem’ which is given in the task.

Many studies have examined SSA in only one context or context area (e.g. Cetin et al., 2014; Garre-
chtet al. 2021, Krell et al. 2024), so it remains unclear whether the inferred level of SSA is independent
of the respective context (i.e. the specific socioscientific issue) and, hence, generalisable (Shavel-
son, 2013). Studies investigating SSA in different contexts obtained inconsistent results: Some showed
that the context can influence SSA due to relevant content knowledge (e.g.Baytelman et al., 2020;
Sadler & Zeidler, 2005a) or affective features (e.g. motivation; see Zeidler, 2014). However, other
studies found no differences between SSA levels (i.e. quality of arguments) in different contexts (Wer-
ner et al., 2015; Yalman, 2023) or for participants with differing depths of content knowledge (Cetin
et al., 2014). Hence, in studies that explicitly examined the SSA in different contexts, the results are
heterogeneous. In the study by Topgu et al. (2010), for example, which investigated the quality of
preservice science teachers’ SSA in three context areas (gene therapy, human cloning, and global
warming), the quality of SSA was quite similar across contexts on sample level. However, a higher
degree of variability was found at the individual level, suggesting some sort of context dependency.
In the study by Ladachart and Ladachart (2021), participants were asked to elaborate two culturally
influenced socioscientific issues (floating vessels on rivers and releasing lanterns in the sky). Similar
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to Topcu et al. (2010), the authors concluded that there was some context dependency as the partici-
pants tended to approach the two issues differently. In the study conducted by Kolstg (2006), in which
students had to argue about the construction of new power lines and the potential increased risk of
childhood leukaemia, it was found that students’ reasoning ability is influenced by their prior knowledge
of the specific socioscientific issue.

Although a precise understanding of the extent to which contexts provoke different responses is
essential with regard to the validity of task sampling (Shavelson, 2013), the findings on the context
dependency of SSA do not appear to be conclusively clarified. Thus, our study explored the consistency
of SSA in different moral-ethical dilemmas with comparable requirements in terms of prior knowledge.

Interpretation: How Can the Construct Be Inferred from the Observation?

Interpretation means the extent to which conclusions about a person’s ability (in relation to the construct)
can be drawn from the observed performance validly (Shavelson, 2013). As discussed by Mathesius
and Krell (2019), the interpretation of test scores, particularly in the context of complex constructs
such as SSA, necessitates the generalisation of an individual’s ability based on their overall test score.
To ensure the validity of this generalisation, it is essential that the tasks selected are representative of
‘the entire universe of tasks’ appropriate for assessing the target construct’ (Shavelson, 2013, p. 79).
This representativeness is crucial because it enables the inference that an individual’s performance on
the sampled tasks reflects their broader ability within the construct domain. Moreover, a well-sampled
task set enhances the generalisability of the observation, minimising the impact of context dependency
and other potential biases.

For the specific construct of SSA, the quality of argumentation is often measured and represented in
levels defined by the application of coding schemes (e.g. Reitschert et al., 2007; Sadler & Fowler, 2006).
To analyse the structural complexity of an argument, many researchers apply Toulmin’s argumentation
pattern (TAP; Toulmin, 1958) and related coding schemes (for a review, see Chinn, 2006). With regard
to TAP, each argument is examined at the micro level and in terms of different components (i.e. data,
warrant, backing, rebuttal, and claim). However, an argumentation can also be analysed at the macro
level by considering the interplay of several arguments, focusing, for example, on the anticipation of
consequences and a reflection on the argumentation process (e.g. Reitschert et al., 2007; Sadler &
Fowler, 2006). In the present study, we focus on this structural complexity of SSA to explore the inter-
play of different arguments (e.g. the consideration of an opposing position). To capture this structural
complexity, we used two established coding schemes (i.e. Reitschert et al., 2007; Sadler & Fowler, 2006),
which have different requirements for reaching the respective levels, but share several key similarities:
Both schemes analyse argumentation at the macro level and consider a greater number and interaction
of arguments as an indication of increased structural complexity. However, they differ in their emphasis
on counter positions and the prerequisites for reaching the highest level of complexity, with Reitschert
et al. (2007) placing more emphasis on changing perspectives and expanding contexts. For a more
detailed description of the similarities and differences between the two coding schemes, please refer
to the methods section and Table 2 (and see also the online resource for the full coding schemes). The
two coding schemes are therefore quite similar, especially in contrast to other instruments such as TAP
(which refers to the micro level; Toulmin, 1958) or the SEE-SEP model (which refers to the content
complexity of SSA; Chang Rundgren & Rundgren, 2010). Therefore, these two coding schemes appear
useful to investigate whether there are systematic differences in the inferred level of SSA, even if the
coding schemes are similar. If such differences are found, this finding would emphasise the importance
of paying close attention to the selection of a coding scheme that is appropriate for interpreting the
respective construct.
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Context of the Study

Part of the data for this study was originally collected for teaching purposes: that is, to initiate a
discussion in a seminar on SSA for preservice teachers (biology) in Germany. Further data were
collected in additional preservice teacher (biology) seminars.

In Germany, preservice teachers most commonly have to complete a 3-year Bachelor programme
(Bachelor of Arts) and a 2-year Master programme (Master of Education) at university, including
two subjects of study (i.e. two prospective teaching subjects), followed by an 18-month prepara-
tory service to become certified in-service teachers (Neumann et al., 2017). Notably, both degree
programmes are concurrently organised teacher education programmes: that is, with disciplinary
and pedagogical studies within the same programme (Zuzovsky & Donitsa-Schmidt, 2017). More
precisely, the programmes are organised in three strands (Neumann et al., 2019), including courses
in the two subjects (e.g. biology), the respective subject education (e.g. biology education), and
learning sciences (e.g. general education).

Students in Germany are expected to develop competencies related to SSA and socioscientific
decision-making through secondary science education (Steffen & HoBle, 2014). It can hence be
considered important that biology teachers in Germany themselves can engage in SSA to introduce
their students to this argumentative engagement with socioscientific issues. Therefore, in the common
teacher education standards for biology teacher training, preservice teachers (biology) are expected to
be able to grasp biology-related issues in different contexts, to evaluate them factually and ethically,
and to justify the individual and social relevance of biological topics (i.e. socioscientific decision-
making; Bewertungskompetenz, Sekretariat der Kultusministerkonferenz, 2008).

The study participants were preservice teachers (biology) enrolled in a teacher training programme
for secondary education at two public universities in Germany (Master of Education in biology).
Some of the seminars in which data were collected aimed to introduce various methods to engage
secondary students in SSA to the preservice teachers (biology). It is important to note that the data
collection occurred prior to the implementation of these methodologies and prior to a comprehen-
sive introduction to the subject matter. Therefore, it is unlikely that the seminar content exerted any
influence on the students’ SSA. One of the methods employed to engage students in SSA was Lind’s
(2019) approach to foster moral competence, which was also used to facilitate the acquisition of the
students’ SSA. Key to this approach is the discussion of a moral-ethical dilemma in the classroom,
which is perceived as a dilemma by the students (and not only by the teacher) and which splits the
class into two groups with opposing views of almost equal size. Therefore, the participants were
asked to read a short (about half a page) moral-ethical dilemma, which described a specific (fictitious)
person and their decision in a dilemma situation. Participants were then asked to argue in a written
open-response format and on paper whether, in their opinion, the person had acted correctly or incor-
rectly in the presented dilemma (for a more detailed description of the procedure, see chapter 2).

Aims of the Study and Research Questions

Many of the previous studies focused on SSA in a specific context (area) and therefore did not
examine whether SSA is a context-dependent construct (for existing studies, see the literature review
above). In addition, the question of whether SSA ratings depend on the coding scheme remains open,
as different coding schemes focusing on (slightly) different aspects of SSA can be used. Therefore, in
the present study, we aimed to explore (1) whether the quality of SSA is independent of which con-
text is used (i.e. observation: moral-ethical dilemma) and (2) whether different results are obtained
depending on how SSA is analyzed (i.e. interpretation: coding scheme).
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To achieve these aims, we conducted an exploratory analysis of the data gathered from different
M. Ed. in Biology seminar contexts. Hence, the following research questions (RQ) were addressed
in this study based on a sample of preservice teachers for biology:

RQI1: To what extent do levels of SSA differ across different observations (i.e. moral-ethical
dilemmas)?

RQ2: To what extent do the different emphases and requirements of the coding schemes influ-
ence the interpretation of SSA levels?

Material and Methods

Methodically, this study employed a quasi-experimental design in which the observation (i.e.
by using four different dilemmas) and the instruments used for performance interpretation (i.e.
by using two different coding schemes) were systematically varied in a 4 X 2 design. In detail,
all participants read short moral-ethical dilemmas (each about half a page) describing fictitious
persons and their decisions in a dilemma situation. The participants then were asked to provide
written responses indicating whether, from their perspective, the fictitious person’s decisions were
correct or incorrect.

As some of the seminars in which data were collected aimed to introduce methods to engage
secondary students in SSA, assessment of SSA for this study was not the first priority. Therefore,
due to the limited duration of regular seminar sessions, not all participants could complete all four
dilemmas. Instead, the number of dilemmas addressed varied depending on the structure of each
seminar and the time available for assessment, with some sessions including only two or three dilem-
mas. To maintain variability and reduce potential bias, different combinations of dilemmas were
systematically assigned across seminars. For instance, in seminars where only two dilemmas were
used, participants dealt with different pairs of dilemmas instead of responding to the same dilemmas.
While this limitation in study design resulted in incomplete randomisation, the careful variation of
dilemma combinations allowed that all participants contributed to a diverse set of scenarios. The
responses were then analyzed using Excel for coding and SPSS for further analysis.

Participants

To answer our research questions, we analysed responses from preservice teachers (biology) who
participated in Master of Education biology seminars and agreed to participate voluntarily and
anonymously. Hence, the participants were in the final phase of their teacher education programme
at university and had already completed a Bachelor’s programme as well as parts of the Master’s
program. Demographic information beyond enrollment in the biology teacher education programme
was not collected because the study design focused exclusively on participants’ responses to the
dilemmas and we aimed to keep collection of personal data minimal. Data were collected in 2018
(n=18), 2019 (n=22), and 2022 (n=29).

Based on the procedure described above, the dataset comprises a number of participants who
worked on two dilemmas (n=45), a small group who worked on three dilemmas (n=6), all in vari-
ous combinations, and a third group who worked on all four dilemmas (n=13). Five participants
worked on just one dilemma (e.g. because they missed a seminar day), so they were not included in
the following analysis. As a result, we analysed 160 responses from 64 preservice teachers (biology).
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Moral-Ethical Dilemmas

In this study, we used four moral-ethical dilemmas which were originally developed by and taken from
Lind (2006, 2019). Each dilemma is fictitious but authentic and describes a problematic situation in
a science-related but rather medical context, whereas no specific content knowledge was required to
understand the underlying issue. Each dilemma also contains the decision of fictitious persons. The
participants had to argue and explain whether they agreed or disagreed with the person’s decision in
each dilemma. The four moral-ethical dilemmas used in this study referred to the following: (1) extrau-
terine fertilisation with experimental DNA modification (= childbearing), (2) abortion of a potentially
disabled child (= abortion), (3) organ transplantation without consent (=transplantation), and (4) sale
of embryos (=embryo selling). The four dilemmas differ in the extent to which they explicitly address
numerous aspects that may influence the participants’ SSA, such as the consequences of the decision
for the individual or others, and the explicit reference to religious beliefs (Table 1).

Coding

In the present study, we categorised participants’ SSA on four different moral-ethical dilemmas accord-
ing to their structural complexity. Their SSA was analyzed using two different coding schemes in each
case (i.e. Reitschert et al., 2007; Sadler & Fowler, 2006).

Both coding schemes distinguish between five levels of structural complexity (0—4), but each scheme
has different emphases, and the statements are scored slightly differently (Table 2; see online resource
for the full coding schemes). Common to both schemes is that as the level increases, the complexity of
the SSA increases (e.g. by weighing up the arguments, giving examples or detailed reasons). However,
there is a clear difference in the extent to which the inclusion of the respective counter positions is
considered. In Sadler and Fowler’s (2006) scheme, this is merely relevant for reaching the highest level
(level 4; Justification with [...] a counter position). In Reitschert et al.’s (2007) scheme, it is already a
prerequisite for level 2 (Justification with a change of perspective). A further difference between the
two coding schemes lies in the prerequisites for reaching the highest level. Whereas Sadler and Fowl-
er’s (2006) scheme requires not only detailed reasoning but also consideration of a counter position,
Reitschert et al.’s (2007) scheme demands an expansion of the context to other epochs or value systems.

Our qualitative data analysis considered a range of quality-ensuring procedures and followed the
approach of qualitative content analysis (Gohner & Krell, 2020); Schreier, 2012). First, two well-estab-
lished coding schemes were used. Second, five responses to each moral-ethical dilemma were coded
by a research assistant using the two coding schemes. As part of this process, the coding schemes were
adapted to the collected data by sharpening the level description and adding sample responses. For
example, more precise definitions were provided for what constitutes an ‘expansion of the context’ and
what is meant by ‘connection to other value systems’ and illustrative sample responses from participants
were included for each level. The adjustments were then reviewed by the first and last authors of this
paper and revised as necessary to ensure clarity and consistency. Subsequently, these two authors coded
the same five responses to each moral-ethical dilemma and discussed them together with the research
assistant. Thereafter, all remaining responses were coded independently by two coders (the research
assistant and one of the authors) using the revised coding schemes to determine intercoder agreement as
a measure of coding objectivity (Gohner & Krell, 2020). The research assistant also coded all responses
to each moral-ethical dilemma twice using both coding schemes, with at least 1 week between the first
and the second coding. On this basis, intracoder agreement was calculated as a measure of coding
reliability (Gohner & Krell, 2020). Cohen’s Kappa (Table 3), calculated as suggested by Brennan and
Prediger (1981), indicated a substantial to almost perfect intracoder agreement (0.79 < K <1.00) and a
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Table 3 Intercoder agreement

. Intercoder agreement Intracoder agreement
and intracoder agreement:
Kappa values, calculated as Sadler Reitschert et al. Sadler Reitschert et al.
suggested by Brennan and and Fowler  (2007) and Fowler  (2007)
Prediger (1981) (2006) (2006)
Childbearing 0.62 0.46 0.82 0.82
Abortion 0.57 0.60 1.00 1.00
Transplantation 0.95 0.82 1.00 1.00
Embryo selling 0.72 0.57 0.79 0.79

moderate to almost perfect intercoder agreement (0.46 < K<0.95) (Landis & Koch, 1977). Finally, in
order to achieve a consensus for the data analysis, all deviating codings were resolved by discussion.

Data Analysis

To address RQ1, we compared participants’ levels of SSA between the four moral-ethical dilemmas. To
address RQ2, we compared the levels of SSA between the two coding schemes. In both cases, differences
(between the dilemmas or the coding schemes) would indicate the need to carefully consider the respective
approach used for the observation (i.e. moral-ethical dilemma) and the interpretation (i.e. coding scheme) of
SSA in order to reach alignment between the triad of construct, observation, and interpretation (NRC, 2001).

As not all participants worked on all moral-ethical dilemmas and additionally on different com-
binations of the dilemmas, we analysed the data both in a between-subjects comparison (univariate
ANOVA) and in a within-subjects comparison (Wilcoxon tests). For the former, we organised the data
independently of the participant. For the analysis, we tested for variance homogeneity of the samples
(Levene test; fulfilled) and used two-factorial ANOVAs. Post hoc Gabriel tests were conducted with
the independent variables ‘dilemma’ (childbearing vs. abortion vs. transplantation vs. embryo sale) and
‘coding scheme’ (Sadler and Fowler vs. Reitschert et al.), as well as the dependent variable ‘SSA level’.
In order to investigate the question of whether someone who achieves a high score in one dilemma also
achieves a high score in another dilemma, regardless of whether the person has worked on all dilem-
mas or the same combination of dilemmas, a within-subjects analysis was carried out with all pairwise
dilemma combinations. This procedure also allowed to determine which dilemmas were associated with
comparably high scores and which differed in this respect.

Results
Descriptive Analysis

The participants’ SSA revealed high variance, ranging from the lowest (level 0) to the highest level
(level 4) in both coding schemes (Table 4, Table 5). The mean scores (M) represent the average SSA
level achieved by participants for each dilemma, providing an overall indication of the complexity and
elaboration of their argumentation. Higher mean scores indicate that participants, on average, reached
higher SSA levels and demonstrated more structurally complex argumentation. On average, the mean
SSA levels ranged from M =1.58 (abortion) to M =2.93 (embryo selling) for both coding schemes.
When coded according to Sadler and Fowler’s coding scheme, participants achieved the highest level
on the dilemma about the sale of embryos by a poor young woman (embryo selling; M =2.93) and the
second highest level on the dilemma about illegal organ transplantation (transplantation; M =2.89).
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When coded according to Reitschert et al.’s scheme, results showed an approximately similar pattern:
Participants also reached the highest level on the embryo selling dilemma (embryo selling; M =2.39).
Regardless of the coding scheme, participants scored lowest on the dilemma of aborting a potentially
disabled child (abortion; Sadler and Fowler: M =2.45; Reitschert et al.: M =1.58). In addition, when
analysed according to the coding scheme of Sadler and Fowler, only very few answers were assigned to
the lowest level (n=2), but many to the highest level (n=49). When analysed according to the scheme
of Reitschert et al., the two extremes were somewhat more balanced. Here, 12 of the responses were
assigned to the lowest level and 31 to the highest level (Table 4).

Table 5 provides sample quotes for each level and the two coding schemes. Please note that the full
coding schemes (including the sample quotes) can be found in the online resource of this article.

Levels of SSA Across Different Moral-Ethical Dilemmas (RQ1)

The between-subjects comparison (univariate ANOVA) revealed no differences in the SSA levels
between the four moral-ethical dilemmas when analyzed according to Sadler and Fowler’s coding scheme
(F[3, 156]= 1.745, p=0.160, 02 =0.032, n=160). In contrast, when coding according to Reitschert et al.,
a significant difference was found (F[3, 156]= 3.058, p=0.030, i]2= 0.056, n=160). However, post hoc
Gabriel tests revealed significant differences in the SSA levels only between the two dilemmas of abor-
tion and selling embryos (p=0.019; Fig. 2).

The within-subjects comparison (Wilcoxon test) revealed significant differences between the dilem-
mas in only four of the 12 pairwise comparisons (Table 6). Two of these pairwise comparisons relate
to the comparison between the abortion and embryo selling dilemma, which, according to Reitschert
et al.’s coding scheme, yielded also significantly different levels in the between-subjects comparison.
For example, participant 0910ANRE wrote the following in the abortion dilemma:

Correct: It is always possible for a child to be born disabled or to suffer a disability later on due
to other circumstances. An abortion (unintentional!) can demonstrably lead to depression in the
woman and in general it would be judged here that a person who is disabled from birth is not
worth living.

This response was coded as level 1 based on the Reitschert et al. coding scheme because it includes a
consistent reason for the decision but not a change of perspective. In contrast, the same participant wrote
the following in the embryo selling dilemma:

From a purely material point of view, it seems to be the right decision, as everyone involved gains an
advantage. Morally speaking, it is the wrong decision. The verdict depends on which value is more
important to Lara. I tend to lean towards wrong, as the pharmaceutical company is clearly taking
advantage of Lara’s predicament. This would not be possible in a western industrialized country.

This response was coded as level 4 based on the Reitschert et al. coding scheme because it includes a
reflected justification (i.e. reasons for and against the position are evaluated) and also refers to the value
system of different countries.

Levels of SSA Depending on the Coding Scheme (RQ2)
The analysis revealed a consistent difference between the two coding schemes, regardless of the dilemma

presented. Participants achieved significantly higher levels of SSA in the Sadler and Fowler coding
scheme compared to the Reitschert et al. scheme (F|; ¢3,=107.74, p <0.001, n*=0.73, n=64; Fig. 3).
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Table 6 Pairwise individual comparisons (Wilcoxon test) between two moral-ethical dilemmas for each coding scheme

Sadler and Fowler (2006) Reitschert et al. (2007)
n VA p r M SO Z p r M SD
Childbearing —abortion 31 -0.69 049 0.12 0.16 1.27 -143 0.15 026 042 1.59

Childbearing —transplantation 18 -147 0.14 035 -050 130 -0.18 0.86 0.04 -0.06 1.55
Childbearing —embryo selling 28 -135 018 026 -032 125 -2.18 0.03 041 -0.71 1.61
Abortion — transplantation 16 -213 0.03 053 -063 1.09 -098 033 025 -0.38 136
Abortion — embryo selling 23 -233 0.03 049 -0.70 143 -277 0.01 058 -122 176
Transplantation — embryo selling 25 -0.42 0.68 0.08 0.16 128 -0.80 042 026 -0.28 1.65

Significant differences at the p <0.05 level are highlighted in bold
M, mean score; SD, standard deviation

Furthermore, there was no significant interaction effect between the coding scheme and the dilemma
(F[3, 3121= 0.602, p=0.614, iy2=0.006, n=2320; Fig. 4), indicating that the difference between the two
coding schemes is independent from the specific dilemma.

Discussion

As summarised in the literature review, many of the existing studies have focused on assessing SSA in
one particular context or context area (e.g. Garrecht et al., 2021) and analysed the performance using
one particular coding scheme (e.g.Cetin et al., 2014; Christenson et al., 2014). Thus, most of the previ-
ous studies have not systematically examined whether SSA performance is independent of how SSA
is measured (i.e. observation) or how the construct can be inferred from the observation (i.e. interpre-
tation). In the present study, both potential threats to the valid assessment of SSA were explored in a
sample of preservice teachers (biology).

Observation: Levels of SSA Across Different Moral-Ethical Dilemmas

To address RQ1, that is to systematically examine to what extent the participants’ levels of SSA differ
across different observations (i.e. moral-ethical dilemmas), we analysed their SSA on four different
moral-ethical dilemmas, which differ in two essential points: firstly, in terms of the specific issues at
stake (childbearing, abortion, transplantation, embryo selling); and secondly, in terms of the extent
to which various factors that may influence SSA are explicitly addressed. These factors include, for
example, the personal background or religious beliefs of the decision-maker, as well as the possible
consequences of the decision and its legality (Table 1).

All participants included in the data analysis dealt with at least two of the four moral-ethical
dilemmas. The results of our study show that the levels of SSA remained relatively stable across most
dilemmas (i.e. the only significant difference was detected between the dilemma of abortion and the
dilemma of selling embryos when using the coding scheme by Reitschert et al.). Similar to the study
by Topcu et al. (2010), there were more differences at the individual level (within-subjects com-
parison) than at the sample level (between-subjects comparison). For the significant differences that
were found at the individual level (four out of 12 possible combinations were found to be significant,
i.e. one-third), the effect sizes were rather small to medium. However, for most comparisons (two-
thirds), the participants reached a similar level of SSA. In other words, someone who has reached
a high level in one dilemma is likely to also reach a high level in another dilemma. This confirms
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earlier findings that the quality of SSA seems relatively independent of context (Werner et al., 2015;
Yalman, 2023) and supports the notion that SSA appears to be a somewhat stable trait across various
contexts. This stability has important implications for educational practices, as it facilitates the con-
sistent development and assessment of argumentation skills across different subjects and scenarios.
For assessments, it hints toward the reliability and validity of evaluating SSA in diverse contexts.
This suggests that the specific choice of dilemmas might be less critical, provided that the dilemmas
are comparable in terms of the type of information presented.

In contrast to our findings, other studies have found some influence of context in terms of the required
content knowledge (e.g. Baytelman et al., 2020) or the context-specific motivation (e.g. Topcu et al.,
2010). We cannot rule out the possibility that content knowledge also has an influence in our study, but
the four moral-ethical dilemmas that we used did not require extensive content knowledge, and if they
did, the information required to assess the situation was provided in the dilemma (e.g. the effects of the
possible disability in the abortion dilemma). However, context-specific motivation may have played a
role in the participants’ SSA, as the dilemmas vary in terms of the extent to which various factors that
could influence motivation are addressed (e.g. religious beliefs; Table 1). These differences with regard
to the explicit naming of various factors may also influence the extent to which they are included in the
argumentation and thus also the level of SSA to which individuals are assigned. For example, religious
beliefs are explicitly mentioned in only two of the dilemmas (transplantation and embryo selling), and
only in one dilemma is it explicitly stated that the individual’s actions are illegal (transplantation).
Therefore, it seems more likely that these aspects will be addressed in the corresponding SSA, and
participants with similar or different religious beliefs may be particularly motivated. This argumenta-
tion is supported by the observation that the dilemma about the woman selling her embryos reached the
highest level in both coding schemes, which could be related to the specific content of the dilemma: In
contrast to the other dilemmas, it involved a life-threatening situation. In addition, this dilemma encour-
ages consideration of other value systems and religious beliefs, as it takes place in a South American
country, and it is mentioned that the decision contradicts the woman’s religious beliefs. This might favour
the consideration of a (counter) position (i.e. the life-threatening situation, conflicting religious beliefs)
and the expansion of the context (i.e. by making a connection to other value systems), which in turn are
prerequisites for reaching the highest level of SSA (i.e. counter position in Sadler and Fowler and expan-
sion of context in Reitschert et al.). In contrast, the abortion dilemma, which has the lowest level in both
coding schemes, revolves around a successful businesswoman who is not in a life-threatening situation
and has likely financial means to deal with the uncertain future situation (e.g. hiring care or purchase of
supportive devices for the potentially disabled child). Moreover, this dilemma does not explicitly address
contradictory beliefs or other value systems. Consequently, the participants are not directly made aware
of aspects that would lead to higher levels of coding when they are addressed in their SSA. Nevertheless,
as we did not capture the personal situations of the participants or their religious beliefs, we can only
speculate on the extent to which the mentioning of specific aspects has influenced their SSA.

In summary, our results indicate that the specific dilemma can but does not necessarily influence
the level of SSA (RQ1). Therefore, the findings suggest that the context is not a major threat to a valid
assessment of SSA, as long as extensive content knowledge is not required (which may be the case for
other socioscientific issues) and the dilemmas are largely analogous in that they refer to factors that
could potentially impact the SSA (e.g. religious beliefs and background of the decision-maker, potential
consequences of the decision, and its legality). Researchers should therefore carefully consider the extent
to which the respective dilemma contains prerequisites that must be fulfilled in order to achieve a high
level in the coding scheme used. Furthermore, we presented participants four moral-ethical dilemmas
in which they had to judge the decision of another person, but other more open scenarios could also be
used for the assessment of SSA (e.g. controversial societal issues such as a mandatory vaccination (Krell
et al., 2024)) which might lead to different results regarding context dependency.
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Interpretation: Levels of SSA Depending on the Coding Scheme

To address RQ?2, that is to investigate the extent to which the different emphases and requirements of the
coding schemes influence the interpretation of SSA levels, we analysed all responses using two different
coding schemes. Although both coding schemes focus on the structural complexity of SSA at the macro
level and, thus, are relatively similar, we found significant differences between the levels of SSA that the
participants achieved with each scheme: Participants achieved significantly higher levels of SSA (large effect
size; 5 =0.73) when coded according to the Sadler and Fowler scheme compared to the levels reached
when coded according to the Reitschert et al. scheme. In addition to slight differences in the weighting of
arguments and the inclusion of an expanded context, this difference is probably mainly due to the fact that
the inclusion of a counter position is weighted differently in the two coding schemes: In Reitschert et al.’s
scheme, the consideration of a counter position is already a prerequisite for level 2, whereas in Sadler and
Fowler’s scheme it is only relevant for reaching the highest level (i.e. level 4). Because of these differences,
the rating of SSA levels varies depending on the coding scheme used, to the extent that a SSA is assigned to
level 4 in Sadler and Fowler (2006) because it contains a counter position, while in Reitschert et al. (2007) it
is assigned to level 2 due to the lack of an evaluation of various reasons for and against the chosen position.

Summarising, the choice of coding scheme seems to have a major influence on the interpretation
(RQ?2). This strong dependence of the assigned level on the coding scheme emphasises how careful
the selection of instruments for interpreting SSA should be. Therefore, one should consider thoroughly
which coding scheme to use depending on the research question (for researchers) or the goals of improv-
ing SSA among individuals (for educators). As mentioned above, this becomes especially important in
connection with the chosen dilemma because the dilemma itself may contain factors that, to varying
degrees, include certain conditions that must be met in order to achieve a high level in the respective cod-
ing scheme, even if we could not prove this in our study. Thus, with regard to the two main differences
between the coding schemes of Reitschert et al. and Sadler and Fowler, one should ask the following
question: How important is the consideration of the counter position and the extension of the context
(e.g. to other value systems)? More generally, as our findings suggest strong differences in the level
of SSA depending on the coding scheme, one can ask which aspects of SSA are crucially important
in globalised societies and to what extent established coding schemes cover these aspects. From this
perspective, the inclusion of context extension appears to be a valuable and relevant addition.

In the present study, we found evidence that the coding scheme used for interpretation and, to a cer-
tain exten56 also the context have an influence on the level of SSA. Our findings further suggest that
the way in which the construct is inferred from the observation (interpretation) threatens the validity
of the assessment of SSA more than the way in which SSA is measured (observation). Validity has
been defined as ‘the degree to which evidence and theory support the interpretations of test scores for
proposed uses of tests’ (AERA et al., 2014, p. 11). Hence, validity always depends on the intended uses
of the tests. Therefore, careful identification and use of coding schemes that match the proposed use of
an assessment are a critical aspect of assessing SSA.

Limitations and Future Studies

With respect to the present study, some limitations should be noted. First, the use of other topics (e.g.
with more personal relevance or more media coverage) could lead to different results in participants’
SSA. However, by using four different moral-ethical dilemmas, we have attempted to address this limita-
tion by providing participants with a broad variety of contexts. Secondly, with regard to the sample, it is
critical to note that this study analysed data from preservice teachers and only a handful of participants
answered all four dilemmas due to organisational circumstances. This unequal distribution among the
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four dilemma combinations may influence the statistical power as well as the generalisability of the
results. If all participants had answered all four dilemmas, a broader in-between-subjects comparison
could have been made which would have provided more detailed information on the extent to which a
person’s SSA differs between observations and depends on the coding scheme. Hence, future studies
can build on the findings of the present exploratory study by varying dilemmas systematically, and by
collecting data from populations other than preservice teachers. Thirdly, we assessed SSA with only two
coding schemes. Using other coding schemes would probably lead to even greater differences regard-
ing the assigned SSA levels. However, we deliberately chose two schemes that are relatively similar as
they both refer to macro-level structural complexity. Future studies should continue to explore SSA in
other contexts and settings, such as contexts that might be more relevant to the lives of teachers (e.g.
classroom situations). In addition, potential influencing factors (e.g. argumentation ability, individual
valence, knowledge of the context) should be systematically recorded and/or varied.

Implications

This study contributes to the research on the systematic assessment of SSA. In particular, our comparative
analysis of contexts and coding schemes can assist in addressing the challenge of operationalising socioscien-
tific issue-related learning objectives for assessment and teaching, as outlined by Nielsen (2020). Researchers
and practitioners in science education aiming to assess or improve students’ SSA should carefully consider
which coding scheme aligns best with their goals and the specific curriculum, as our findings revealed sig-
nificant variance in the assigned levels, depending on the chosen scheme (or more specifically, which aspect
of SSA is emphasised in the respective scheme), despite the similarity of both coding schemes in evaluat-
ing structural complexity at the macro level. Because of these differences, researchers in science education
should also be very careful in selecting the most appropriate coding scheme for their research question, not
only in terms of whether SSA is evaluated with regard to structural complexity at the micro level (i.e. TAP;
Toulmin, 1958) or at the macro level (e.g. Reitschert et al., 2007; Sadler & Fowler, 2006), or in terms of its
content complexity (SEE-SEP; Chang Rundgren & Rundgren, 2010), but also with regard to which scheme
is used within each level.

Our findings further suggest several practical implications for classroom practice: Because par-
ticipants’ SSA levels were largely consistent across dilemmas of comparable complexity and content,
teachers might carefully select ethical dilemmas that are engaging and relevant for students without
the specific context substantially affecting the quality of their reasoning, given that they all present
the necessary information in a similar manner. Moreover, the observed differences between coding
schemes underscore the importance of incorporating counter positions and broader contexts in classroom
activities. Teachers can actively encourage students to incorporate alternative perspectives, promoting
additional aspects that support higher SSA levels. Finally, since individuals who demonstrate high SSA
in one dilemma tend to perform similarly in others, as shown by the pairwise individual comparisons,
educators can address weaknesses through targeted support or leverage strengths through structured
peer discussions to foster complex argumentation across the class.

However, the results of this study suggest that the moral-ethical dilemmas used to assess the structural
complexity of SSA might be interchangeable, as long as the dilemmas do not require extensive content
knowledge and are more or less comparable in terms of the extent to which they evoke, for example, the
inclusion of a counter position or a different value system.
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