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ABSTRACT: Agricultural production in Europe is intensive, highly specialized, and
responsible for some negative environmental impacts related to climate change and loss of
biodiversity, raising questions about the sustainability of farming and the wider food system.
The integration of legumes into agricultural systems could contribute to the transition to more
sustainable food production and consumption. For example, for the production of 100 g of
protein in beef, 49.89 kg of CO2 is emitted, whereas for 100 g of protein in pulses, it is only
0.84 kg. While the general benefits from legume cultivation and consumption are widely known
in the scientific community, there is little evidence on how to inform next generations.
Therefore, in this paper, the development of materials for discussing sustainability in chemistry
lessons at school using a guided inquiry approach is described and discussed. Chickpea and
lupin were identified as two contrasting legume species that allowed exploring the role of
established and novel crops as an example in Germany. Chemistry experiments related to
nutrition were further developed, using canned chickpeas and lupin yoghurt as examples for
plant-based food products. All materials were made available using an interaction box to ensure that the students can plan their own
learning process individually. After finishing the work with the box, the students can use their results for a discussion.
KEYWORDS: Climate change, nutrition, sustainability, legumes, school lessons, experiments

■ INTRODUCTION
Sustainability in the context of climate change is prominent in
politics and industry.1 UNESCO leads and coordinates the
“Education 2030 Agenda” to eradicate poverty through the 17
Sustainable Development Goals by 2030. To achieve these
goals, a roadmap with action areas has been published.2 The
priority action area 2 - transforming learning environments,
names learners explicitly: they should “become change agents
who have the knowledge, means, willingness and courage to take
transformative action for sustainable development”.2 Because
“today’s youth will be lef t to face the consequences of unstainable
development”,2 learners should have sufficient learning oppor-
tunities during their school days to enable them to actively
participate in society and so to contribute to the development
of appropriate frameworks for a sustainable world. In
Germany, the “decade of action” for Education for Sustainable
Development (ESD) was started in 2021 with an online
conference.3 While ESD contributes to all 17 Sustainable
Development Goals, it contributes especially to Goal 4 -
Quality Education and Goal 13 - Climate Action.2 In
education, awareness of climate change and reducing its
impact should be addressed. Therefore, ESD should be part of
all educational settings, not only in chemistry. However, many
chemical topics are suitable for discussing sustainability, for

example the combustion of fossil fuels taking into account the
greenhouse effect, renewable energies in combination with new
batteries, or the recycling of materials for saving resources or
reducing waste; these are often far from what students think
about at the age they are in higher secondary levels (age 16−
18). Instead, topics that affect the students because they are
part of their everyday life, i.e., food, are very suitable. Here,
students can exert influence depending on what they eat; the
reduction of the CO2-footprint is especially noticeable for
switching from animal-based to plant-based proteins: for 100 g
of protein in beef, 49.89 kg of CO2 is emitted, and for 100 g of
protein in pulses, only 0.84 kg are emitted.4 Ideally, such topics
allow including classroom experiments because these are
commonly used for knowledge-gathering in chemistry lessons.5

In recent literature on chemistry education, the topic
“climate change” is addressed: for the connection between
climate change and the function of greenhouse gases;6 by using
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videos on the chemistry of climate change which improved
students’ understanding of climate change topics;7 or by using
rich contexts on climate change for introducing the topics of
isotopes, acids−bases, gases, and thermochemistry into
undergraduate general chemistry courses.8 For addressing the
topic at university and at school, new materials and concepts
must be developed; textbooks for chemistry lessons discuss the
topic climate change either rarely or peripherally.9 Therefore,
the results of a study of preservice chemistry teachers’
understanding of the concepts of climate change are not
surprising: the authors showed that their understanding was
ambiguous or false.10 Several curricular innovations address
students’ knowledge of climate change, for example, by
connecting chemistry concepts to real-world significance,11

by the use of inquiry-based learning which improved students’
attitudes and knowledge on climate change,12 by a project on
next generation science standards where preservice science
teachers learned chemistry concepts related to climate
change,13 or by improving students’ systems thinking and
their ability to visualize complex climate change-based
scenarios.14 Because climate science also has ethical, social,
and political dimensions, new general education courses
address these dimensions by merging STEM with non-
STEM subjects.15 Connections have also been made between
chemistry concepts and the principles of climate literacy to
make chemistry courses more relevant and ultimately to make
citizens more climate literate.16

To ensure that courses at the university level include topics
on climate change, the instructors must have sufficient
knowledge on the topic. A recent study shows that under-
graduate chemistry instructors connect mostly the topics of
gases, solutions, and reaction chemistry with climate change.
Therefore, accessible materials are needed with the goal of
including climate change in undergraduate chemistry
courses.17 Such materials are also needed for teaching the
topic at school. Therefore, in this article, the development of
suitable materials for discussing climate change and sustain-
ability in chemistry lessons using the example of chickpeas and
lupines as protein sources for nutrition is described and
discussed.

■ BACKGROUND
For planning and conducting chemistry lessons at school,
several prerequisites must be taken into account: curriculum,
experiments, context, and students’ competences and knowl-
edge in combination with appropriate methods. The back-
ground specifically used for the development of the materials
discussed in this paper is given below.
Curriculum (Including Experiments)

The materials discussed in this paper are developed for
students in higher secondary level (age 16−18) at schools in
Brandenburg,5 which is one of the federal states in Germany.
Those states are responsible for the curricula at school.
Therefore, some differences between the curricula of the
federal states can be observed.18 Fortunately, the topic
“proteins” is part of the curriculum of almost all federal
states.19 Within the topic “proteins”, several functional groups
are thematized, mainly as repetition, but here in the new
context of proteins: double bond, hydroxyl, carbonyl, carboxyl,
ester, and amine groups. The properties, structure, and
function of amino acids and proteins are also part of the
curriculum. In this context, the peptide bond is discussed.

Experiments named in several curricula include denaturization
and the biuret and ninhydrin reaction. As context for these
experiments, the detection of proteins in food is listed
explicitly. “The contexts are related to the overarching themes of
consumer education and health promotion” with protein shakes
listed as the only suitable context.5 However, in addition to
animal proteins, the importance and benefits of plant proteins
should be discussed as well as the relationship to sustainable
agriculture. Therefore, in addition to the chemical content, the
subject offers many opportunities to integrate other topics,
such as nutrition, environmental and climate protection, and
sustainability, into the lessons. These contexts are particularly
important for the students’ development of assessment skills.
The context should stimulate students’ personal mental
activities and should support the development of compe-
tences.19 Therefore, using an actual context should also mean
using active teaching methods where students have to use prior
knowledge for their problem solving and can develop problem-
solving strategies.20 As a suitable method, the use of interaction
boxes will be discussed in this paper.
Context

“Global climate change is one of the most pressing environmental
issues facing the world today”.6 Therefore, topics belonging to
climate change should be part of the chemistry curriculum at
school or at university, because “particularly today’s youth will
face choices in the future about energy use and policies to reduce
greenhouse gas emissions in an ef fort to reduce or manage the
anthropogenic impact on climate”.6 For chemistry education, five
areas of interest for students’ understanding of climate change
are listed: electromagnetic radiation, greenhouse effect (how
greenhouse gases work), ozone, environmental issues, and
proposed solutions to mitigate the effects of climate change.6

Climate changes that can be observed already have an effect on
the environment: the shrinking of glaciers and ice, the shift of
plant and animal geographic ranges, and the earlier bloom of
plants and trees. For the future, more heat waves can be
expected.21 As a result of these environmental effects, climate
change also has an impact on nutrition. On the one hand, the
production of food from animal sources generates a lot of
greenhouse gas emissions; on the other hand, the soils are
becoming increasingly drier due to climate change. The shift
from animal- to plant-based proteins would reduce the
emission of greenhouse gases. Therefore, climate change,
agriculture, and nutrition are interconnected.22 The effects of
climate change on agriculture will have implications for food
security and, therefore, for nutrition. Climate-smart approaches
are therefore needed to maximize nutrition in the face of
climate change.22 For linking the chemical content “proteins”
with climate change, nutrition is an ideal context not only
because of the impact of food production on the emission of
CO2 but also because of students’ interest in both topics and as
a result their emotional involvement. Therefore, using a
suitable context supports the acquisition of new knowledge and
the application of available knowledge as for example shown by
using rich contexts on the topic “climate change”.8

Examples for plant-based proteins that can contribute to a
climate friendly nutrition are, for example, chickpeas or lupins.
Therefore, it is not surprising that International Pulses Day on
10 February highlights the importance of pulses for our
nutrition, but also for sustainability and to raise public
awareness.23 Grain legumes, chickpeas, and lupins do not
require additional nitrogen fertilization and at the same time
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improve soil fertility and water retention and support humus
formation.24 Fertilizers contribute to climate change through
emissions during the production of fertilizers (depending on
the source of energy), the transport, and application of
fertilizers to the soil. In a study of case studies across Europe,
cropping systems with legumes reduced nitrogen fertilizer use
by 24% and 38% and nitrous oxide emissions from soils by
18% and 33% in arable systems with grain legumes and forage
systems with forage legumes, respectively, compared to
systems without legumes.25 Both chickpeas and lupins have
health benefits as they are nutrient-rich and contain many
proteins, vitamins, fiber, and unsaturated fatty acids.26 Grain
legumes are the main source of plant-based protein.24 Other
components such as starch are also very relevant for food and
nonfood products, especially from field peas.
Legumes have been consumed for many centuries. However,

their cultivation is in competition with other crops such as
cereals, maize, or rapeseed.27 The current area under legume
cultivation in Germany is 5.4%28 with 14.5% devoted to grain
legumes on a worldwide basis.20 By 2030 the policy aim is to
increase the area to 10% in Germany and similar aims exist for
Europe.20 To achieve this, both the supply from agriculture
and demand from buyers must be increased. Increased
cultivation of legumes in Germany is possible only if
solution-oriented research in the breeding and processing
industries meets the interest of consumers.29 Legumes are
named as a “cornerstone to more sustainable agri-food systems and
diets in Europe”.30 Although legumes are excellent sources of
proteins and reduce the need for synthetic N fertilization,
legume promotion campaigns will be needed to ensure that
customers will include more legumes in their diets.30 In the
US, legume intake remains low and is also below US dietary
guidelines.31 In Australia, legumes were first mentioned in the
Australian Dietary Guidelines in 1992, as part of the vegetable
food group.32 Crop management such as crop rotations with
and without legumes affect the performance of crops in
cropping systems.33 Climate change factors such as increasing
drought impacts the yield of grain legumes such as soybeans.34

Additional irrigation can increase the protein content and total
protein yield35 important for food processing, e.g., tofu. Apart
from protein, grain legumes provide various nutritional
components such as carbohydrates, sugars, vitamins, more
than 15 essential mineral elements, and mono and poly
unsaturated fatty acids.36 These are affected by environmental
conditions, and the impacts of climate change require more
research.
The white lupine (for an example, see Figure 1) was

mentioned by Hippocrates of Kos (400 to 356 BC) as a human
food. The white lupine was in the 19th century cultivated for
green manure. To be suitable for human consumption, the
content of alkaloids in lupins must be reduced. The first
alkaloid-poor lupins were bred by von Sengbusch in 1927.
These are called sweet lupins.37 The variety of alkaloid-poor
lupins remains an ongoing task, as the alkaloid content is
inherited predominantly.38

The world’s largest area for lupin production is in Australia.
Within the EU, Germany has the largest area under cultivation;
they are mainly cultivated in Brandenburg, Mecklenburg-
Western Pomerania, Saxony, and Saxony-Anhalt, on sandy soils
with a low pH value.38 Most of the lupins are sold in Germany
as animal feed.39 Due to the demand for regional, sustainable,
and plant-based foods, the demand for lupin products is also
increasing for our diet. Lupins serve, for example, as a meat

protein substitute or for use in baked goods and confectionery.
Lupin coffee or milk alternatives such as lupin drink or lughurt
(yoghurt made from sweet lupins) are also produced.40 In the
US, canned chickpea, chickpea chips or puffs, lupin flour, and
protein pasta with lupin flour are available in supermarkets, for
example.
Chickpeas are among the oldest cultivated plants (for an

example, see Figure 2). Their use began around 8000 B.C. in
the near east and southwest Asia. They served, among other
things, to prevent skin diseases and for drainage. In Europe,
they were roasted in the 18th century as a substitute for
coffee.41 Attempts to cultivate chickpeas in Germany at
commercial scale started recently.42 The sandy soils, for
example, in Brandenburg, could be suitable for cultivation,
since the chickpea tolerates dry conditions. A high amount of
rainfall is troublesome due to the occurrence of fungal
diseases.43 A major problem in growing chickpeas is weed
management. However, chickpeas have increased protein and
iron content as well as vitamins B1, B6, E, and C, and are
mainly used for human nutrition. In India, Mexico, Turkey,
and North Africa, for example, they are an important basic
food. In North Africa, they form the basis for hummus and
falafel, two dishes that are also well-known in Germany.44

Sustainability includes not only the shift from animal to
plant proteins aiming to reduce greenhouse gases but also
research on sustainable cropping systems. Research on legumes
is fundamental and supports broad implementation in
agricultural practice. It was shown that legumes in different
regions of Europe were able to reduce nitrous oxide emissions
by an average of 18% and 33% respectively in arable and forage
crop rotations, compared to systems without legumes.25 The
use of mineral nitrogen fertilizer could be reduced by 24% and
38%, respectively.25 When farmers were able to develop
adapted crop sequences with market access and adequate
prices, this led to a win−win situation, i.e., positive
environmental and economic performance.45 Legumes in
crop rotations increase the yields of subsequent crops and
partly stabilize the performance.33 However, the yield stability
of grain legumes is significantly lower than that of winter
cereals.46 Current research aims at adaptation to climate
change through drought-adapted crops such as chickpeas,
diversification through mixed cropping systems,47 and

Figure 1. White lupins as an example of sweet lupins (private; author
M.S.).
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exploring new opportunities for regional utilization of legumes
in the food sector.
An important context for chemistry lessons at school on this

topic is the diet of young people. Vegetarian (without meat
and fish) or vegan (only plant-based food) diets are a trend,
also among young people.48 The results of the VeChi Youth
Study showed that 37.2% of children and adolescents (age 6−
18 years) ate vegetarian food and 28.2% vegan.49 A vegan diet
is positive for preventing several diseases, especially cardiome-
tabolic diseases, but risks certain mental health problems due
to the potential for micro and macronutrient deficits.50

Research on the costs of different diets showed that the
relative affordability was largest for vegetarian and vegan diets
that focused on legumes and whole grains.48 However, “a
vegetarian diet in childhood and adolescence requires good

information and supervision by a paediatrician, if necessary, in
cooperation with an appropriately trained dietary specialist”.51

Therefore, different diets should also be part of chemistry
lessons at school, especially while discussing the topic of
nutrition because chemistry lessons at school contribute to the
acquisition of “scientif ic competence, which provides orientation in
the natural sciences and technology-inf luenced living environ-
ment”.5 The use and application of those competences on every
day topics can be trained effectively during chemistry lessons.
Methods

Concepts on the use of suitable context for chemistry lessons
have been developed and published, for example, the concept
“Chemistry in context” (ChiK), which addresses the relevance
of chemistry for our daily life,52 and can be seen as further

Figure 2. Chickpeas (private; author M.S.).

Figure 3. Interaction box on chickpeas and lupines (private; author J.H.).
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development in the concepts of ChemCon53 or Salters.54 The
use of suitable context can address the problem of students not
seeing the relevance of chemistry.55 If the content is
contextualized, then inquiry-based learning would be a good
method. Inquiry-based learning is positive for students’
learning.56 For the materials discussed in this paper, guided
inquiry has been chosen. Here, although the problem is given
by the teacher, the students can execute further steps of the
process, for example, the formulation of hypotheses.57 By
doing so, cooperative learning can take place, and the students
can develop their skills and abilities.57 The students participate
in chemistry classes as researchers.58 To make the materials
available to the students, all materials (see Appendix 1) were
collected in interaction boxes.59,60 In an interaction box, all
materials (including chemicals and glassware, etc.) are made
available to the students. For each purpose (information,
repetition, experiments, etc.), the materials are printed on
differently colored paper (for example, white for information
or blue for repetition). The students can then organize their
use of the box individually; however, small groups are
preferable (3−4 students). Therefore, the box (see Figure 3)
includes an overview on all materials and possible questions or
hypotheses to ensure that the students can work with the box
even if they are not able to formulate their own questions or
hypotheses. Depending on the students’ competences, the
teacher can decide whether to include the complete
experimental instructions or to include only the chemicals
and glass equipment to ensure that the students can plan their
experiments independently. The interaction box can be
expanded, for example, with cooking recipes for cooking with
lupines and chickpeas or with current information from media
such as television, magazines, or newspapers. The recipes can
be designed for example as gap-filling exercises.23 For the use
of media information, a game or a crossword can also be
designed for applying this information. After finishing the work
with the box, the students can use their results for a discussion.
Therefore, the materials for preparing this discussion are also
included in the box. In Appendix 4, Internet sources for
research and information on protein requirements and protein
content in various foods are available (in German and in
English). The students can then determine their own protein
requirements using various foods as examples. To make a good
diet, the differences between animal- and plant-based proteins,
including suitable Internet sources, are also listed in Appendix
4. The students can then discuss that not only the amount of
proteins but also the source of proteins is important.

■ DEVELOPMENT OF THE MATERIALS
For the development of the materials (for all materials, see
Appendix 1), several prerequisites have been considered. They
should be suitable for the following:

• inquiry-based learning;

• heterogeneous learning groups;
• planning and conducting of experiments on the topic

“nutrition”;
• discussing sustainability;
• including topics from everyday life.
To ensure this, the materials were designed in a way that the

teacher could use them in various educational settings, varying
the openness of the teaching method depending on the
learning group. Because the materials include different types of
materials and are organized as interaction boxes, both teachers
and students can use the materials individually. The students
can plan their course of action while working with the
interaction box independently as intended by the method.59,60

The interaction box consists of the following materials (see
Appendix 1): manual for using the box, list of chemicals and
glass equipment, info-text on international celebration days,
learning games for repeating prior knowledge on acids and
proteins, experiments, jigsaw and WebQuest regarding
sustainability, climate change and nutrition, questions and
hypotheses, and ideas for presenting the results. Because the
development of the experiments was the most time-intensive, it
is described in detail below.
Experiments on Chickpeas and Lupines
Experiments for use in chemistry education at school should be
suitable for the learning topic, should allow openness while
experimenting, and should be chosen according to the
following principles: low-cost, low-risk, and low-tech.61 By
using plant-based products instead of animal-based products,
the impact of the experiments can also be reduced, which
contributes to an environmentally sustainable lab activity. The
experiments should be adapted to the level of knowledge and
age of the pupils.23 For supporting the development of
competences following the concept of “nature of science”,62

students should formulate hypotheses before they conduct the
experiments and discuss these hypotheses while evaluating the
experiments. Several experiments on the subject of “amino
acids and proteins” were tested and developed in the
laboratory (for details, see Appendix 2). For the experiments,
samples of four grain legumes were provided by the Leibniz
Centre for Agricultural Landscape Research (ZALF): white
lupin variety “All White,” narrow-leaved lupin variety “Probor”,
and the chickpea varieties “Nero” (Desi type) and “Orion”
(Kabuli type). The company Prolupin GmbH provided the
lupin protein isolate, which is used, e.g., in lughurt (a yoghurt
with proteins from lupin). The experiments were also tested
with supermarket products (hummus, canned chickpeas,
canned sweet lupin, yoghurt, lupin drink, and lughurt) in
order to take into account the relevance of the students’
everyday life and to ensure that the experiments can be used
for chemistry lessons if there are neither grains nor protein
isolates available. In total, nine experiments have been

Table 1. Experiments in the Interaction Box

Experiment Description

Biuret experiment (detection of
proteins)

Denaturization of proteins; complex between copper ions and the protein bonds which results in a purple color.

Denaturization of proteins by
heating or bases

Denaturization of the protein (the primary structure remains intact). Alkaline hydrolysis takes place by the addition of caustic
soda, which produces detectable ammonia.

Ninhydrin experiment (proof of
amino acids)

Denaturization of the proteins followed by the reaction of the free amino groups at the N-terminal end of the polypeptide chain
with the ninhydrin reagent to form a blue-violet dye.

Azo dyes with amino acids The presence of the amino acids histidine and tyrosine can be tested. If histidine and tyrosine are present in a sample, orange and
red azo dyes are formed.
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conducted. However, only four are suitable for chemistry
lessons at school (see Table 1). The other experiments either
had too few visual effects or needed high concentrations of
acid, which is problematic (or not allowed) for lessons at
secondary schools. For details, see Appendix 2.
For all experiments, worksheets have been developed. To

support students in discussing the results of the experiments,
interactive support, which is available via QR codes, was
created online on the Learning Snacks learning platform (see
Figure 4). If the pupils do not have (or are not allowed to use)
devices for accessing the QR codes, the support can also be
made available via a school computer or printed on paper by
the teacher.
The experiment “detection of proteins (Biuret)” achieved

clear test results both with the samples provided by the ZALF
(can be replaced by all other chickpea and lupin grains) and
with the supermarket products. Depending on the amount of
protein in the food, the color depth varied (see Figure 5); the
more protein there was, the more intense the color. In order to
compare the intensity of reactions with the amount of protein,

pupils can be provided with (or brought by the pupils) various
vegetable and animal foods, which are then tested
experimentally. Before experimenting, the students are asked
to formulate their own, verifiable question, such as “Does the
intensity of the violet color of the test solution depend on the
protein content of the food sample?”. The daily life of the
students is taken into account by these individually formulated
questions, which should be motivating. Methodical variance
can also be provided by changing between partner and group
work.
The experiment “denaturization by heating and bases”

achieved good results for the experiments with plant proteins.
The color changes of the universal indicator paper were clearly
visible. Before experimenting, the students can formulate a
hypothesis, by applying their knowledge on acids and bases,
about what to expect if ammonia is released. The experiment
“detection of amino acids (ninhydrin)” is also suitable due to
the short duration of the experiment and the clear blue-violet
coloring that can be observed. However, vinyl gloves should be
worn during the experiment as the ninhydrin solution reacts on

Figure 4. Screenshot of the support for experiment “detection of proteins (Biuret)”.

Figure 5. Results of the experiment (Biuret) (private; author M.S.). 1: hummus, 2: Natur Lughurt, 3: Canned chickpeas, 4: LUVE Natur Drink, 5:
Canned sweet lupin.

Journal of Chemical Education pubs.acs.org/jchemeduc Article

https://doi.org/10.1021/acs.jchemed.4c00131
J. Chem. Educ. 2025, 102, 84−93

89

https://pubs.acs.org/doi/suppl/10.1021/acs.jchemed.4c00131/suppl_file/ed4c00131_si_003.pdf
https://pubs.acs.org/doi/10.1021/acs.jchemed.4c00131?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jchemed.4c00131?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jchemed.4c00131?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jchemed.4c00131?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jchemed.4c00131?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jchemed.4c00131?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jchemed.4c00131?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jchemed.4c00131?fig=fig5&ref=pdf
pubs.acs.org/jchemeduc?ref=pdf
https://doi.org/10.1021/acs.jchemed.4c00131?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


contact with the skin and leaves a temporary stain. The
individual steps of the experiment are independently created
by the students, supported by the materials, to support the
development of research competences as intended by the
concept of “nature of science”.62 The vegetable foods used
showed a different intensity of color, which is not due to the
protein content; for example, lughurt gave a more intense color
impression than the lupine drink used, although it contains
more protein. Other ingredients in the food are probably
responsible for this. Depending on the research question, the
teacher should decide whether to discuss these results with the
students and choose the foods used accordingly. If the food
sample contains proteins with aromatic amino acids, then azo
dyes can be synthesized. Depending on the food sample, the
color is more or less intense (see Figure 6). During the
experiment, different observations can be made. Therefore, a
photo protocol of the experiment can be recommended.
Depending on the aromatic amino acids, different colors are
obtained. Therefore, additionally, a task on different azo dyes is
included in the material. As a support, a Learning Snack
scaffold is available.

■ EVALUATION OF THE MATERIALS
All materials have been evaluated by students (preservice
chemistry teachers) (N = 15) of the master course “chemistry
lessons for heterogeneous learning groups”63 in summer term
2024. All students have taught at school either during
internships in their studies or as a substitute teacher due to
the great shortage of teachers in Germany. The course has a
clear focus on planning chemistry lessons and developing
suitable materials. During the course, the students repeatedly
have evaluated materials, either by using their own criteria or
commenting on given items. Due to this focus in the course
and their own teaching experience, the students have the
required competencies for evaluating materials and concepts
for chemistry education at school. During the term, the
students receive each week a task that they solved at home,
either alone or in small groups. In one week, instead of this
task, the students were asked to evaluate the materials
presented here (Appendix 1). The students received all
materials (online via the Moodle course) and a questionnaire
with a 4-item Likert scale (forced choice option64) and open
questions (printed on paper) (Appendix 3). The evaluation
sheet consists of the following categories: materials, interna-
tional celebration days, repetition, questions and hypotheses,
experiments, jigsaw, and WebQuest. The evaluation was
anonymous and voluntary; 15 students (of 16 students
enrolled in the course) participated actively in the evaluation
and returned the completed evaluation sheet. The students

were informed on the use of the data. As a thank-you for their
work, they received all materials in German. Table 2 gives a

summary for the students’ rating (for all results, see Appendix
3). For the lowest and highest arithmetic mean, a description
of the respective item is added in parentheses.
The results of the students’ rating of all items show that the

arithmetic means range between agree and strongly agree
(arithmetic means 3.00−3.93). The biggest differences in the
evaluation occurred in the rating of the “WebQuest” material.
Here, for two items, the arithmetic mean is only 3.00 (just in
the range of agree), which can be explained by personal
preferences of the students. Overall, this method is not very
common in chemistry lessons, which can also be one
explanation for the differentiated rating. The best ratings
were given for the material “experiments”. Here, no student
disagreed. All students would use the experimental instructions
and the accompanying support (designed with the tool
learningsnacks66) in their own chemistry lessons. Not all
students used the opportunity “What else I would like to say
regarding...”. Summarizing, tips for other designs were given,
and the games were rated as suitable as well as not suitable for
heterogeneous groups; here, it can be assumed that students’
personal experiences with heterogeneous groups influence
their rating. Some texts were rated as too big, and for the
WebQuest a different form of presentation than flyer was
recommended (five times) because it was rated as old-
fashioned. However, considering all ratings and the open
answers, the materials and methods were rated as suitable for
chemistry lessons on the topic.

Figure 6. Results of the experiment “azo dyes based on aromatic amino acids” (private; author M.S.). 1: Hummus, 2: LUVE Natur Lughurt, 3:
isolated lupine protein, 4: chickpea variety “Orion”, 5: chickpea variety “Nero”, 6: white lupin, 7: blue lupin

Table 2. Summary of the Results of Students’ Rating of the
Materials

Materials
Range of students’ rating (four item Likert scale);

arithmetic means (description of the item)

Students’ understanding
of all materials

3.46 (WebQuest) − 3.93 (chemicals and glass
equipment)

Use of international
celebrations day as a
context

3.27 (suitable as introduction) − 3.73 (poster as
presentation type)

Repetition of the topics
“proteins and amino
acids”

3.50 (games suitable for self-regulated learning)
− 3.87 (most important content on the topic)

Questions and
hypotheses

3.40 (impulses for own questions) − 3.87 (clearly
formulated questions)

Experiments 3.60 (use of stepped supporting tools65 in own
lessons) − 3.87 (instructions clearly
understandable)

Jigsaw teaching technique 3.27 (suitable for heterogeneous learning groups)
− 3.87 (fits the topic)

WebQuest 3.00 (securing results/flyer close to everyday life)
− 3.73 (innovative topic fits real-life topic)
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■ LIMITATIONS
For the materials described and discussed in this paper, a few
limitations must be taken into account. All materials were
developed by one person (the first author) but were discussed
repeatedly with the corresponding author. The experiments
were developed also only by the first author. Here also
practical issues have been discussed repeatedly with the
corresponding author. A lot of time and effort were also
invested in the development of the experiments, resulting in
four experiments that are suitable for the topic and for use at
school. All materials were then evaluated once by 15 preservice
chemistry teachers because there were no more students
available. Unfortunately, it was not possible to use the
materials in a school with the target group, which is the
main limitation of the work discussed in this paper.

■ CONCLUSIONS AND OUTLOOK
The novel teaching materials and experiments on chickpea and
lupin were rated as being suitable for dealing in detail with the
subject of plant proteins in the classroom in higher secondary
school (age 16−18). Contexts such as “climate change”,
“sustainability”, and “nutrition” could also be explored using
the results of the experiments. The materials can be expanded
individually depending on the curriculum. Due to their subject
matter, the materials can be used very well for connecting
subjects (for example, chemistry with biology, economy,
geography, or politics). The materials in the interaction box
can be used in several instructional settings, as discussed
before.
The materials focus on plant-based proteins for nutrition

using the examples of chickpeas and lupins. By focusing on this
topic in chemistry lessons, the students can discuss the shift
from plant-based proteins to animal-based proteins and the
consequences not only for their own diet but also for the
environment, here especially the positive influence on climate
change by reducing the amount of CO2 emissions by replacing
animal-based proteins with plant-based proteins. When these
proteins are used, the experiments themselves also contribute
to a reduction of CO2 emissions. The amount of protein in
various foods can be examined, as the color intensity changes
according to the amount (for example in the Biuret
experiment). The results can then again form the basis for
discussions, for example, for the question “which food or what
amount of food is needed for a healthy diet?”. In dry regions,
the cultivation of chickpeas and lupins is advantageous because
these crops require less rain. Strategies for dealing with climate
change in agriculture can therefore also be discussed.
The materials are also suitable for use in heterogeneous

learning groups because a variety of materials and learning
games are available, which allows the students to manage their
own learning process. They can also decide individually which
games they want to use for repeating content on proteins and
amino acids. For this, not only the content but also the type of
game varies. For example, there are matching games and
crosswords.
The interaction box can be expanded with cooking recipes

for cooking with lupines and chicken peas or with current
information from media, for example, TV, magazines, or
newspapers. The recipes can be designed, for example, as gap-
filling exercises.14 For the use of the media information, a game
or a crossword can also be designed for applying this
information. After finishing the work in the box, the students

can use their results for a discussion. If teachers want to use the
materials, local references (for example, regional cultivation
and research or food brands) should be replaced by local
references in their own region or country. A description of how
to make lupine milk from lupine seed is available in Appendix 2
if lupine milk or yogurt is not available in a local supermarket.
Another possibility is using other vegan protein products, for
example, yoghurt made from field beans (included in the
interaction box; see Figure 3). For chemistry lessons in
languages other than English, the materials should be
translated. Teachers who want to use the German materials
should contact the corresponding author.
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