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Abstract. Climate change education requires scientifically sound, classroom-tested activities. We
present two tasks designed to deepen students’ understanding of global warming and scientific
reasoning. The first uses Eunice Foote’s historical experiments to provide an authentic context for
practising scientific reasoning. The second activity explains the mechanism of the enhanced
greenhouse effect through an analogy with water flow. Analysis of responses from students across
several university programmes indicates that these activities can be used in various university
settings, help develop a conceptual understanding of the complex phenomena and provide
opportunities for further classroom discussion.

Introduction

Climate change is a widely discussed and pressing global challenge with far-reaching
impacts on nature and society. Teaching these topics is important not only for developing
climate literacy among future decision-makers but also for fostering public responsibility
towards the environment. As climate topics are introduced into science curricula, physics
educators are expected to move beyond tasks that focus primarily on applying the correct
equation or recalling isolated facts. Instead, tasks should encourage conceptual understanding
and critical thinking, while also helping students understand how scientific explanations and
models are developed. Instructional activities on climate change that meet these goals are
therefore needed [1].

The history of science provides an authentic context for learning about the nature of science
and practising scientific reasoning skills. Climate physics often involves abstract processes,
such as the influence of greenhouse gases, infrared radiation, and energy flows, which students
cannot directly observe. Carefully designed analogies make these concepts more accessible by
connecting them to familiar experiences and can support conceptual understanding [2].

We present the design of two activities and their implementation in university courses. One
activity uses the historical development of climate science to help students practise scientific
reasoning, and the other is built around an analogy to explain Earth’s radiative balance and the
enhanced greenhouse effect. With our study, we aim to answer two research questions:

RQ1: How do students, unfamiliar with new types of problems, solve them?
RQ2: What are the similarities/differences in students’ solutions across academic programmes?

Design of activities

The first activity is based on Eunice Newton Foote’s experiments from 1856 [3], which led
her to propose that increased atmospheric CO2 levels raise temperatures, thus explaining warm
periods in Earth’s geological history. Her work was only recently rediscovered [4] and was
chosen for its historical significance and to highlight the contributions of overlooked female
scientists. During the activity, students read a short narrative describing Foote’s motivation,
experiments, and conclusions, ending with a mention of John Tyndall’s later, more rigorous
experiments [5]. After reading the story, students complete a table matching each sentence to



its role in scientific reasoning. This problem type is regularly used within the ISLE
approach [6] and aims to help students recognise and differentiate between the roles.

The second activity explains the enhanced greenhouse effect using two parallel texts: The
first describes Earth’s radiative balance and the second text describes an analogous effect of a
dam on water flow, inspired by John Tyndall’s work [5]. Illustrations of radiation and water
flow in each state accompany both descriptions. Students read the texts, list as many analogous
features between the two phenomena as possible, and identify the limitations of the analogy.

Our approach to designing the activities has been informed by previous work on designing
new types of problems based on physics papers [7]. Both activities were piloted with pre-
service physics teachers at the end of a semester in an ISLE-based course at the University of
Ljubljana. The activities were then improved based on their written work, feedback, and issues
raised during class discussion. A university climatology professor reviewed both activities for
accuracy.

Methods and preliminary findings

We implemented the improved versions with first-year students of physics, biology,
forestry, and urbanism, as well as in master’s-level courses for agronomy students and pre-
service biology teachers. A total of more than 100 students participated. At the start of each
session, students completed a short custom-made pre-test assessing the knowledge about
greenhouse gases and the mechanism of the greenhouse effect, and at the end, they completed
a questionnaire about their prior experience with climate-related topics. A post-test was
administered two to four weeks afterwards.

The findings of our study indicate that even though the students were unfamiliar with these
task types, they were mostly successful in completing them. Students require additional support
to recognize some elements of scientific reasoning, such as assumptions, which was the main
difficulty in the first activity. We found university-programme-specific differences in the
solutions to the second activity. The differences were mainly in the number of identified
elements and their complexity, with physics students using more advanced physics concepts.
Based on our experience the activities provide opportunities for further discussion and allow
the instructor to build on students’ responses. The activities can also be used in pre-service
education for lessons on the greenhouse effect and the use of analogies in the classroom.
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Current stage of the work

We have gathered the activity solutions of over 100 students from different
university programmes. We have collected their sentence categorizations, list of
analogical features between the two phenomena described in the activity texts and a
list of limitations of the analogy. We also have responses to the questionnaire and
the pre- and post-test. The test included two multiple-choice questions: one on the
main cause of recent climate change and one asking students to choose the best
explanation of the greenhouse effect. Pre- and post-test results are matched for 30
students. We calculated the proportion of correctly classified sentences in the first
activity for each role and identified which roles were the most difficult to recognise.
Each entry for analogical features was coded for correctness, whether it relates to
physics concepts or other environmental concerns, whether it describes basic
elements of the analogy or more complex relations. The entries for limitations were
also coded for correctness. We identified entries which indicated common mistakes
such as mentions of the ozone hole and greenhouse gases holding onto the heat. We
also noted mentions of the height of emission of radiation, which was a key feature
of our explanation of the greenhouse effect and to our knowledge has not been used
in other educational materials.

Questions for Discussion

We have noticed that physics students’ solutions of the second activity generally
included more responses and that they incorporated more advanced physics
concepts. How could we compare (qualitatively/quantitatively) the complexity of
student responses between groups?

How could we better measure the effectiveness of the second activity at developing
conceptual understanding (e.g. developing/using an instrument targeting greenhouse
effect understanding)?

How can we improve the design of the intervention to support students’ conceptual
understanding, address common mistakes and misconceptions, and ensure that the
activities function effectively in diverse university programmes?
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