Risk Competence in Science Education: A Theoretical Model and its
Application to Mycotoxin contamination in Kenya

Abstract: Mycotoxin contamination of maize in Kenya represents a significant health risk
that requires effective science education to promote risk-mitigating behaviors among the
local population. While risk competence is crucial for addressing such challenges,
current theoretical frameworks remain fragmented. This study aims to develop and
validate a comprehensive structural model of risk competence. Through an extensive
literature review, key components from various previous approaches to risk competence
were identified and integrated with a scientific risk concept, a concept of risk perception,
and structural competence models. The resulting risk competence model distinguishes
between dispositions, situation-specific skills, and performance in risk situations. It
incorporates scientific knowledge, nature of science, and stochastic abilities as cognitive
dispositions while differentiating between different risk-related situation-specific skills
derived from literature. The model's empirical validation is planned through expert
interviews and various test instruments, including knowledge tests and context-specific
questionnaires. However, measuring performance aspects remains challenging and
requires further methodological development. This research contributes to science
education by providing a theoretically grounded model of risk competence with the
potential for empirical testing. The findings could inform the development of educational
interventions to enhance risk competence, particularly in contexts where effective risk
assessment and decision-making are crucial for public health. Future research will focus
on operationalizing the model and developing suitable learning materials for promoting
risk competence in the context of mycotoxin contamination.

Risk competence is the ability to understand, interpret, and evaluate risks to make
appropriate decisions (Heuckmann et al., 2024). Such risks can include health risks.
Thus, health literacy is a key component of risk competence research. One example of a
health risk is mycotoxin contamination of maize in Kenya, where this grain is a staple food.
Environmental factors, like extended periods of droughts and the warm and humid
climate, promote the growth of fungi like Aspergillus flavus, which can infect the crop with
mold toxins i.e. mycotoxins. These toxins are highly mutagenic and carcinogenic and pose
a significant health risk for the local population (Shabeer et al., 2022). In addition to the
long-term consequences of consuming contaminated food, such as an increased risk of
developing kidney, lung, and especially liver cancer, acute aflatoxin poisoning
(aflatoxicosis) represents another significant risk factor (Shabeer et al., 2022). Humans
can therefore no longer use contaminated harvest products as food for human
consumption without the products posing a healthrisk. This results in both economic and
nutritional losses, which can lead to malnutrition and hunger. However, there are possible
risk-mitigating measures to prevent economic and health-related consequences.
Agriculture in Kenya mainly takes place on smallholder farm levels, with pupils frequently



assisting their parents in agricultural activities. Therefore, science and health education
in schools isimportant in transferring knowledge about possible risk-mitigating measures
to the whole population and ultimately promoting their risk competence.

To effectively improve students' risk competence regarding mycotoxin contamination
through educational measures, a theoretically sound understanding of the competence
construct itself is essential. While various frameworks for risk competence exist, they
often remain disconnected from scientific risk concepts (Aven, 2024) and lack empirical
validation. Moreover, most models for risk competence do not consider established
educational competence models. This lack of a pedagogical foundation limits their
theoretical validity and practical applicability, as they fail to account for how
competencies generally develop and manifest in educational contexts. This research
therefore seeks to overcome these issues and develop a comprehensive structural model
of risk competence by synthesizing existing theoretical models of (1) a scientific risk
concept, (2) a grand structural competence model, and (3) risk competence, with the
overall objective of applying it to real-world health problems like the mycotoxin contextin
Kenya. The development and explanation of the new theoretical model will be the main
subject of the poster. Before presenting the synthesized model, an overview of the models
and concepts from which it has been developed will be given.

(1) Scientific risk concepts: To properly evaluate and interpret risks, Aven (2024)
emphasizes conceptualizing risk from a scientific perspective. The risk concept involves
an activity in the present leading to either positive or negative future consequences (Aven
& Thekdi, 2022). However, the realization of the consequences is uncertain. Risk and
uncertainty are therefore closely connected. Additionally, the individual risk perception
of one person influences their perception of the consequences. What may be a favorable
outcome for one person could be disastrous for the other. Therefore, this aspectis closely
connected to the psychological concept of risk perception, which Slovic and Peters
(2006) describe as operating in two fundamental ways: 'risk as feelings', describing
affective reactions to risk, and 'risk as analysis', focusing on cognitive and scientifically
deliberated reactions to risk situations.

(2) Competence model: This interplay of cognitive and affective elements is not unique
to risk perception but also appears as a fundamental pattern in educational psychology.
Blomeke et al. (2015) developed a grand structural competence model that similarly
emphasizes cognitive and affective dispositions while also considering their
manifestation in performance in real-world scenarios. They added situation-specific
skills as the connecting element between dispositions and performance. These skills are
subdivided into perception, interpretation, and decision-making. Competence is no
longer seen as a dichotomy between dispositions and performance but rather a
continuum, with the connecting element of situation-specific skills. This definition is
suitable as a frame for risk competence because the performance in individual risk
situations is heavily dependent on dispositions and, as mentioned before, on skills like
perceiving and interpreting risks, i.e., situation-specific skills.



(3) Approaches to risk competence: Risk competence has rarely been conceptualized
concretely, and most definitions remain vague. However, previous attempts include three
notable approaches. Latten et al. (2011) pose first "competencies in dealing with risks",
including risk perception and identification, risk analysis and estimation, risk
management, and risk evaluation and decision. While these components act as a first
frame for risk competence, their connections have not been explained. Hansen and
Hammann (2017), on the other hand, emphasize three core components of dealing with
risk-related issues that are important for developing risk competence: (1) scientific
knowledge and knowledge about statistics and probability, (2) knowledge about science
in terms of nature of science (NOS) and science as a social practice and (3) risk
assessment including e.g. risk-benefit analysis and final decision making. As they focus
mainly on knowledge as a crucial factor for risk competence, they do not recognize the
affective component of risk perception in their model. Finally, Martignon and Hoffrage
(2019) define four hierarchical levels: perceiving risks, analyzing and modeling, weighing
and comparing, and decision-making. While each model contributes valuable
perspectives, none fully integrates grand structural competence models or scientific risk
concepts as mentioned before (except Hansen & Hammann (2017) regarding the latter).

New structural model for risk competence: Blomeke et al's (2015) competence
construct, Aven and Thekdi's (2022) basic risk concept, Slovic and Peters' (2006) risk
perception model, and the existing risk competence approaches (Hansen & Hammann,
2017; Latten et al., 2011; Martignon & Hoffrage, 2019) have been combined into one
structural model for risk competence (Figure 1).
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Figure 1:Combined risk competence model

The newly developed risk competence model is framed by Aven and Thekdi's concept,
differentiating between present actions and future consequences through uncertainty,



while its core structure follows Blomeke et al's (2015) competence model with its
subdivision into cognitive and affective dispositions, situation-specific skills, and
performance. The cognitive dispositions can be further defined as scientific knowledge,
nature of science (NOS), and stochastical (i.e. statistical and probability) knowledge, as
emphasized by Hansen & Hammann (2017). The situation-specific skill of risk perception
is split up into risk as feelings and risk as analysis, according to Slovic and Peters (2006).
As specified by Martignon and Hoffrage (2019), the interpretation of the risk issue is
specified asrisk analysis and the decision-making consists of evaluation and comparison
(Latten et al., 2011). Together, the evaluation and decision-making can be summarized as
risk assessment, according to Hansen and Hammann (2017). After the decision process,
an action can be taken, which results in the observable behavior in the specific risk
situation. Through the consequences following this action, new insights can be gained
and allow the dispositions to be adjusted accordingly — changing the perquisites for
following risk situations and the development of risk competence.

With this theoretical foundation, future research will first focus on validating the model
through expert interviews to ensure its theoretical soundness and practical applicability
and developing a strategy for empirical testing of the model. This systematic approach
will provide a foundation for the overall goal of developing targeted educational
interventions to enhance risk competence in specific contexts and help minimize health
risks, such as mycotoxin contamination through science education. Several existing
instruments have already been identified to validate different model components:
knowledge tests for cognitive dispositions (i.e. stochastical knowledge tests (Cokely et
al., 2012) or NOS tests (Henke, 2007)) questionnaires for differentiating between risk as
feelings and analysis (Slovic & Peters, 2006) and context-specific questionnaires for risk
assessment (Lermer etal., 2013). These instruments could be adapted to address various
contexts like the mycotoxin contamination in Kenya. It becomes apparent that some test
instruments already fit parts of the model. However, measuring the performance remains
challenging, as no suitable instruments for assessing observable behavior have been
identified through literature research. Altogether, future research directions could lead to
an interesting discussion in the poster session regarding the completeness and
complexity of the model, possible test instruments to validate it empirically, and the
operationalization of the model to further specify risk competence. Following up on this,
there could also be a discourse about suitable learning materials to promote risk
competence in the context of mycotoxin-contaminated maize.

The poster will be structured to communicate the theoretical foundation and practical
implications. The plan for converting this extended summary into a poster can be
summarized as follows:

1. Context and Research Gap
e Introduction to mycotoxin contamination in Kenya as a critical health issue
¢ l|dentification of the need for a comprehensive risk competence model

2. Theoretical Framework



e Visual representation of foundational theories:
e Aven and Thekdi's (2022) risk concept
¢ Slovic and Peters' (2006) dual-process model of risk perception
e Blomeke et al.'s (2015) competence model
e Existing risk competence approaches (Hansen & Hammann, 2017; Latten

et al., 2011; Martignon & Hoffrage, 2019)
3. Model Development and Validation

e Presentation of the integrated structural model

e Proposed validation methods and future research directions

e Discussion points for empirical testing and educational applications for the
context of mycotoxin contamination in Kenya
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