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FRISCH AND THE CONTROVERSY ON THE BEES’ SIGHT: A NOVEL

LESSON PLANTO LEARN ABOUT EXPERIMENTATION

Isabel Maria Cruz Lorite, University of Nicosia

Historical scientific controversies have great potential to ad-
dress aspects of the nature of science in context. This paper
describes a design case about a novel lesson plan based on
the scientific controversy between Karl von Frisch and Carl
von Hess on the sight of bees (how they see). This lesson
plan allows concepts related to experimentation, as well as
other epistemic and non-epistemic aspects of the nature of
science to be addressed. In this design case, two cycles of
implementation of the lesson plan were carried out, with
three groups of preservice teachers in the first one and four
groups in the second one. This paper contains a description
of the design process of the lesson plan and its current
status, as well as reflections on its strengths and weaknesses
based on the experience gained in practice.
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INTRODUCTION

Studies to date have consistently shown that students have
an inadequate understanding of several aspects of Nature
of Science (NOS) (Lederman et al,, 2013), and some of these
aspects are related to experimentation (Kuhn, 2016). Some
researchers in science education have pointed out that one
of the possible causes of difficulties in understanding the
processes of experimentation could be the way in which
experiments are brought into science classrooms. Generally,
conducting an experiment means following an ideal process
consisting of a linear sequence of steps for making mea-
surements with some instrument, collecting the data, and
interpreting the results. However, students do not usually
work in very open-ended situations in which they have to
elaborate the research question or the experimental design
themselves (Schreiber et al,, 2016), both processes in which
skills such as creativity play an important role.

In this regard, many experts in the field agree that one of the
most important priorities in teaching the “scientific method”
is for students to understand that science is an activity that
involves creativity and imagination, and the work of scien-
tists, like other professional groups, depends on inspiration
and imagination (Osborne et al,, 2003). This idea has been
systematically picked up in the science education literature
(Haigh, 2013), although the extent to which teaching makes
the link between science and creativity explicit to students is
more debatable (Hetherington et al., 2020).

The lesson plan presented in this paper was originally based
on my concern for two aspects. On the one hand, the diffi-
culties of the students, specifically the preservice teachers, in
understanding certain aspects of experimentation. On the
other hand, the need to propose activities on experimenta-
tion that move away from following pre-established scripts,
the so-called “recipe”type practices. To address these two
issues, | developed a lesson plan that challenges participants
to use their creativity by involving them in activities about
experimentation, which allows them to address aspects
scarcely dealt with in science classes, as well as other
relevant aspects of NOS.
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CONTEXT

The development of appropriate conceptions of NOS and
scientific inquiry has been an ongoing goal for science
literacy for citizens (AAAS, 2010; Allchin, 2014; Lederman et
al, 2013). There is an international consensus on the need
to convey a basic understanding of scientific thinking and
working, and that this can facilitate understanding of the
main aspects of NOS (Paul et al,, 2016). NOS is a complex
concept that could be summarized as the "basic knowledge
about the characteristic features of science, i.e. what science
is, how it works and develops, its epistemological and
ontological foundations, the working methods of scientists,
the values of scientists as a social group, and the mutual
influences between science, technology, and society”
(Acevedo & Garcia, 2017).

NOS brings together a variety of aspects from disciplines
such as history, philosophy, sociology, and psychology of
science (Vesterinen et al, 2014), from which emerges one
of the most widely used approaches in science education:

History, Philosophy and Sociology of Science (Lin et al,, 2023).

Research to date has empirically shown that this approach
has the potential to promote meaningful learning about the
process of constructing scientific knowledge and the way
the scientific enterprise works in a contextualized way, as
well as to improve attitudes towards science (Allchin et al,,
2014; Brush, 1989; de Mello et al., 2012; Galili & Hazan, 2000;
Wang & Schmidt, 2001). The history of science (HOS) is an
important perspective within this approach, serving as a
bridge between science and the humanities (Lin et al, 2023).
In terms of teaching, HOS allows for enriching and human-
izing the contents of science textbooks, as well as providing
material support and inspiration to teachers for the design
of teaching proposals (Matthews, 2014). Its use has long
been advocated to improve students’ conception of science
(Lederman et al., 1998), as some of its main educational
values are the possibility of stimulating students'interest
and motivation or promoting the development of critical
thinking (Matthews, 2014).

Acevedo and Garcia (2017) consider that “the most appro-
priate way to use the history of science for literacy in and
about science is through the study and critical analysis of
scientific controversies”. They define scientific controversies
as durable public disputes over a significant issue in science
with no easy resolution, involving the intervention of the
scientific community with epistemic (cognitive or sci-
ence-specific) and non-epistemic arguments (e.g., emaotions,
personality traits, institutional pressures, political influences,
national rivalries, fraud, etc.). Some scientific controversies
reported on science education are Tesla vs Edison on the
two electric currents (Acevedo & Garcia, 2016a), Pasteur vs
Liebig on fermentation (Acevedo & Garcia, 2016b), Pasteur vs
Pouchet on spontaneous generation (Acevedo et al,, 2016a),
Semmelweis and puerperal fever (Acevedo et al., 2016b),

1JDL | 2025 | Volume 16, Issue 1 | Pages 79-93

or Rosalind Franklin and the structure of DNA (Acevedo &
Garcia, 2016¢). Following this trend, the lesson plan de-
veloped in this paper proposes the use of the controversy
between Karl von Frisch and Carl von Hess about the bees’
sight, since it brings relevant aspects of NOS.

DESIGN MOTIVATION

The motivation for this lesson plan arises from my concern
about the difficulties frequently observed in science classes
when it comes to understanding aspects related to exper-
imentation. The existing literature on science education
frequently mentions certain difficulties, such as differentiat-
ing the types of variables according to their function in an
experiment (dependent and independent), or the difference
between variables and the different values they can adopt
(Kuhn, 2016).

Among the causes of such difficulties, many authors point
to the way experiments are traditionally treated in the
classroom. It is likely that many textbooks and laboratory
guides have traditionally described scientific inquiry and
investigation in terms of the standard scientific method (Kite
etal, 2021), inaccurately representing NOS (Abd-El-Khalick et
al, 2008), and this may have influenced teachers’ perceptions
of the process of scientific inquiry (Ruhrig & Hottecke, 2015).
According to Paul et al. (2016), teachers often use experi-
ments as laboratory activities with a predefined procedure
that students must follow to arrive at a known result. This
would imply that most science teachers have not had
authentic scientific inquiry experiences (Herman et al,, 2013;
Schwarz et al., 2010; Windschitl, 2003). Most teacher training
programs do not require teachers to participate in experi-
ences that could provide them with a more informed view of
scientific inquiry, and research suggests that at some point in
their science experiences, teachers probably followed rigidly
prescribed cookbook-style, confirmation-based procedures
(Kite et al., 2021); as pre-university science classes also tend
to be (AAAS, 2010; Windschitl, 2003).

Therefore, there are few experiences in classrooms that
expose students to situations more in line with the reality
of scientific research, in which the result of an experiment is
not known before it is carried out. Real experimentation is
far from an inflexible process, and repetition and changes of
order often occur with or without improvement (Schreiber
etal, 2016). It was in my search for examples of experi-
mentation that could embody these characteristics when |
came across the experiments conducted by Karl von Frisch
to demonstrate that bees had a chromatic vision, and |
decided to investigate them. The deepening of the author’s
biography and work made me aware of the controversy with
Carl von Hess, which | perceived as having great potential to
address NOS.
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In short, the lesson plan presented in this paper is the result
of 1) the search for an illustrative example of an experiment
that would make it possible to deal explicitly with certain
aspects of experimentation that are often silenced in science
classrooms; and 2) the potential of the controversy between
Frisch and Hess to also deal with various other aspects of
NOS. The main motivation of the lesson plan is, therefore, to
involve preservice teachers in a realistic experimental situa-
tion that presents them with a creative challenge, centered
on the process of elaborating an experimental design.

FRISCH VS HESS: A SCIENTIFIC
CONTROVERSY

The following is a brief overview of Frisch's research and con-
troversies, elaborated for teaching purposes. Therefore, two
considerations should be borne in mind when reading it.

The first consideration is that this overview is written from
my viewpoint, so | selected, interpreted, and simplified

those elements that | considered most relevant for use in
science classes (Leite, 2002). As Lombardi (1997) points out,
it is impossible to bring all the richness of detail into the
classroom every time we want to use the HOS and a work

of simplification and interpretation must be carried out,
selecting the relevant facts. History, as a potential motivating
factor for science teaching, needs to be framed appropriately
in the classroom (Allchin, 2014), given the complication of
including historical content in an already crowded curricu-
lum (Stinner & Williams 1998).

The second consideration is that this overview has been
elaborated from multiple sources. Many of Frisch’s papers,
notes, field notebooks, and other materials are preserved in
the Munich Public Library (Linda Hall Library, 2016). Openly
available information on Frisch’s biography and controversies
is often fragmented and scattered. However, some works
with more complete information on Frisch’s biography and
research have been helpful (e.g. Frisch, 1979; Guillén, 1997,
Munz, 2016).

Karl Ritter von Frisch (Vienna, 1886 - Munich, 1982) was an
Austrian scientist who devoted his life to the study of animal
behavior. As a child, Frisch showed a great interest in animals
and his academic research began with the study of the
vision of fish (Guillén, 1997). However, if there were any ani-
mals that fascinated him more than any other they were the
bees, having spent more than 20 years studying them. In his
book The Life of Bees (Frisch, 1979) (original title in German
Aus Dem Leben der Bienen) Frisch describes a multitude of
experiments carried out by him and his team that shed

light on the ethology of this insect. Some of the aspects he
studied with these experiments were “the wedding of the
queen bee, the surprising behavior of drones in securing
their date, the orientation towards polarized sunlight and the
characteristics of the eyes that make this possible, as well as
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the interpretation of the historical-genetic development of
the language of bees and other topics” (Frisch, 1979, p.9).

Frisch had a controversy with the Austrian ophthalmologist
Carl von Hess (1863-1923) over the vision of bees. This con-
troversy began when Frisch publicly refuted Hess's claim that
fish were color blind (Frisch, 1973b). However, Hess relied not
only on his research to confront Frisch’s ideas but also on his
greater experience and reputation as a scientist (Hess was 23
years older than Frisch). This was a clear exercise of argument
from authority (Guillén, 1997). The discussion later evolved
into a controversy about the bees'sight, with Frisch claiming
that bees had color vision while Hess claimed that bees
were color blind (Menzel & Backhaus, 1989). Hess based his
hypothesis on experiments he had carried out with bees. He
placed bees in experimental chambers, where environmen-
tal factors could be controlled, and simultaneously presented
them with two luminous spots, each of a different color and
varying light intensity. As a result, the bees were invariably
attracted to the brighter spot regardless of its color, which
seemed to show that bees are color blind (Gadagkar, 2018;
Guillén, 1997). However, these results did indeed show that
the bees responded to light intensity, but this did not imply
that the bees were color blind.

During the controversy, Frisch devised a series of beautiful
original experiments to prove his hypothesis about the color
vision of bees (Guillén, 1997), using everyday materials such
as colored cards, glass saucers, and honey or sweetened
water (Frisch, 1979). He prepared a table in the countryside,
near his own beehives, and put food (sweetened water or
honey) on the table. The food was always on a glass saucer
under which he placed a blue card, and he waited until

the bees discovered the food. He would wait for the bees
to make several trips to the food to make sure they had
become accustomed to it (his experiments were based on
training the bees to smell). At the same time, he also placed
saucers on cards of other colors on the table, but without
food. Once he was sure that the bees knew where the food
was, he changed the conditions of the experiment. He re-
placed the cards and the saucers with new ones to eliminate
any trace of odor and changed their location to prevent

the bees from memorizing their positions. After making the
changes, Frisch observed that the bees continued to forage
in the saucer on the blue card, demonstrating that the bees
were able to distinguish this color among others (see Figure

1.

However, Frisch realized that this did not prove that bees
could see in color. If they could see in greyscale, as other
scientists of his time claimed, they would also be able to
distinguish the blue card from the others (Guillén, 1997).
Therefore, he designed a new experiment to rule out this
possibility. As in previous experiments, Frisch first carried
out the odor training, removing the food and changing the
position of the cards afterward, although this time the blue



1st part of the experiment: Smell training

2"d part of the experiment: removal of food
and change of positions

FIGURE 1. lllustration of 1st Frisch's experiments. Adapted from Frisch (1979).

card was placed between cards of different shades of grey.
Frisch observed that the bees continued to go to the blue
card after the changes, which showed that the bees had
color vision (see Figure 2). Finally, he repeated these experi-
ments with other colors (yellow, red, etc.) to see if there were
any differences between them. Frisch obtained similar results
except for red, concluding that “red and black are perceived
indistinctly by the bee’s eye: red is not a color for the bee,
but simply a shade of black” (Frisch, 1979). He also discovered
that bees could see in the ultraviolet range which, according
to Frisch, would explain their preference for violet-colored
flowers (Frisch, 1979; Guillén, 1997).

Frisch’s studies advanced our knowledge of many aspects
of bees. His most famous discovery, for which he won the
Nobel Prize in Physiology and Medicine in 1973 (Frisch,
1973a), was a communication system used by bees. During
his experiments to study bee vision, Frisch noticed that
once a bee discovered the food source he provided, time
later other bees appeared. This, according to Frisch, could
only mean that the bees were communicating with each
other. To test this hypothesis, Frisch, again, devised original
experiments in which he painted with a brush a spot on the
thorax of a bee that found the source of food he provided
in his saucers. He then went to his hives to observe what
the marked bee was doing. This is how he discovered the
“bee dance language” (Frisch, 1973a; Munz, 2005). This dance
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FIGURE 2. lllustration of the 2nd Frisch’s experiments.
Adapted from Frisch (1979).

consists of a series of movements used by these animals

to indicate the quantity and quality of the food found, as
well as the direction and distance of the food from the hive
(Couvillon, 2012; Frisch, 1979; Guillén, 1997). The discovery of
bee dance questioned the excellence of the human being
as the only being capable of communication. This discovery
eroded the barrier that established the difference between
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animals and humans, and it has been considered by some
authors as the “fourth insult to humanity” (Heidborn, 2010),
which is an allusion to the three existential insults to human-
ity described by Sigmund Freud: heliocentrism, evolution,
and psychoanalysis (Malleson, 2018).

Another interesting aspect of Frisch’s biography is that

he was criticized by some researchers for his decision to
continue his studies on bee communication during World
War Il at the University of Munich under the Third Reich
(Munz, 2016; Winston, 2016). Although Frisch has often been
portrayed as an opponent of the Nazi regime, in recent years
doubts have arisen about his role as an active opponent,
considering certain actions that cast doubt on his dissent

to some Nazi government initiatives (Zupanc & Wanninger,
2024). Katz (2016) reports that the molecular physiologist
Annemarie Weber (daughter of the researcher Hans Weber),
with whom he had the opportunity to discuss the morality
of Frisch’s decision, once told him:“After the war, my father
would have tea with von Frisch - but dinner, never” Hans
Weber had been dismissed from his professor position at the
University of Tibingen for opposing the Nazis and sent to a
minor university in East Prussia.

DESIGN PROCESS

Design Decision 1: Highlighting NOS Aspects

The controversy between Frisch and Hess has potential

for science teaching-learning. It exemplifies several of the
aspects addressed by the two traditional and complemen-
tary approaches of HOS (Kuhn, 1982), which differentiate
between internal and external characteristics of science
(Diéguez, 2020), and comprise some relevant epistemic

and non-epistemic aspects of NOS (Acevedo et al,, 2017).
However, as Acevedo and Garcia (2016d) point out, the more
epistemological conception of NOS (focused on the process
of construction of scientific knowledge and its characteris-
tics) has been criticized in recent decades by some authors
who demand attention to other aspects that are also
essential, such as those related to the sociology of science
(internal and external). The lesson plan shown in this paper
aims to address both types of aspects.

According to the classification established by McMullin
(1987), the controversy between Frisch and Hess would fit
more into a “factual”type of controversy, which is one that
arises as a consequence of the results obtained and their in-
terpretation. The aspects of NOS that have been identified in
this controversy (Acevedo et al., 2017) are illustrated below:

- Creativity and imagination: Frisch and Hess had to devise
original experiments to test their respective hypotheses.

+ Role of experimentation in science: Frisch’s experiments
proved his hypothesis that bees perceive color and
disproved the hypothesis that bees are color blind.
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Influence of scientists’ personal beliefs, attitudes, and
skills: Hess appealed, contrary to Frisch’s hypothesis,
to their scientific authority, reputation, and research
background.

+ Interest in presented by scientific controversies for the
advancement of science: this controversy advanced
knowledge about the behavior of fish and invertebrates,
in addition to that of bees.

-+ Research designs and experimental results: Frisch and
Hess'experiments show that the experimental design
determines both the results and their subsequent
interpretation.

Differences between scientific interpretations of the
same phenomenon: Hess carried out several experiments
which, according to him, showed that bees were color
blind. For other scientists, however, his experiments
would show that bees were sensitive to light but did not
rule out the possibility that they were color-sensitive.

Role of scientific communication: the communication
of the results of Frisch and Hess, recorded in specialized
scientific journals of the time, allowed the development
of this controversy.

+ Moral and ethical aspects: Frisch continued to work
during the Third Reich and some researchers criticized
the morality of his decision.

Design Decision 2: Focusing on Experimental Design

Experimentation has been a basic strategy of scientific
research for centuries (Kamarainen et al,, 2023) and the
experiment has been the main indicator of modern science
since the time of Francis Bacon (Rheinberger, 2001). This is
why the acquisition of experimental skills is widely regarded
as an important part of science education (AAAS, 1993;
Barzel et al,, 2012; Heinicke & Peters, 2014; NRC, 2012).
However, some studies to date show that students have
difficulties understanding some of the scientific concepts
of experimentation (Kuhn, 2016), and there is still a lack of
research addressing students’ performance in experiment-re-
lated situations (Damerau et al., 2021).

Experimentation is defined as an orderly procedure carried
out with the aim of testing a hypothesis by systematically
manipulating the conditions of the observed processes or
variables to be measured (Paul et al,, 2016). However, exper-
iments in education can refer to a wide variety of activities.
In a study by Kamarainen et al. (2023) conducted with 10
primary and secondary in-service teachers to explore their
understanding of the epistemic assumptions of ecosystem
science, it was found that they used the word “experiment”
to refer to a wide variety of instructional activities and
scientific practices including demonstrations, hands-on
activities, predetermined laboratory activities or conducting
field observations. In schools, experiments are usually framed
within laboratory work, in which the steps of the method
or procedure for carrying them out are detailed (Hart et al,,
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2000) and the result is usually known to the teacher. Paul

et al. (2016) distinguish between this kind of experiment,
the typical school experiment with explicit instructions and
known results, and the research experiment, which is part
of the scientific process and for which the outcome is not
known. The second one, a more open-ended type, would
allow students to devise and test experiments to answer a
research question, involving them in creative processes that
are relevant to science (Acevedo et al, 2017), such as the
elaboration of experimental designs.

The development of experimental designs is one of the
main experimental skills reported in the science edu-

cation literature (Schreiber et al., 2016). The experiential
competence model usually differentiates between three
dimensions (Emden & Sumfleth, 2012; Hammann, 2004; Klahr
& Dunbar 1988; Schreiber et al., 2009; 2016): preparation,
implementation, and evaluation. In this lesson plan, we
focus on the preparation phase, which would include two
main competencies: 1) task interpretation, i.e. clarifying the
content of the research question (question formulation);
and 2) development of the experimental design (the setting
of the experimental environment), that can be based on
previous experiments, either our own or others, or consist
of an original design. Thus, the preparation phase has an
undoubtedly creative nature, which is an epistemic aspect of
NOS (Acevedo et al, 2017). Planning and designing research
require appropriate skills to devise experimental inquiries

to test the formulated hypothesis and answer the research
question, and this process begins with identifying the rele-
vant variables and reflecting on how they can be observed,
measured, and controlled (NRC, 2012).

In an experiment, an empirical structure is created
(Rheinberger, 2016). This structure requires active interven-
tion to control the interactions (actual and potential) within
the experimental system and between the experimental
system and its environment (Radler, 2009). Controlling such
an experimental environment requires mastering certain
concepts associated with the variables. Some of these
concepts, commonly absent in students and that the lesson
plan tries to address, are (Kuhn, 2016):

Distinguish between the values, or levels, that a variable
can assume (variable # value).

Recognize consistency in the operation of a variable
given constant conditions.

Conceptualizing a variable that plays no role in an
outcome.

Conceptualize that associations between variables can
be both probabilistic and deterministic.

Conceptualize that more than one variable can simulta-
neously contribute to an outcome.
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Design Decision 3: Target Groups and Link to the
Curriculum

The lesson plan designed was included in two science teach-
ing modules at the University of Malaga (Spain). The first
one was Natural Sciences Teaching, in the bachelor’s degree
in Preprimary Education, and the second one was Design
and Development of Educational Programs and Activities,

in the master’s degree in Secondary and Vocational Training
Teaching - Specialization in Biology and Geology. The choice
of preprimary (PPTs) and secondary (PSTs) preservice teach-
ers is essentially due to the difficulties detected in these
target groups in understanding certain aspects of experi-
mentation. The background of these PPTs is mostly in Social
Sciences and Humanities during their secondary studies,
while the PSTs came from university science degrees, mostly
Biology, Biochemistry, Pharmacy, Veterinary, Biotechnology,
or Environmental Sciences.

Two cycles of implementations were carried out with a total
of seven groups (see Figure 3). The first implementation
was during the academic year 2019/20, with one group of
35 PSTs and two groups of PPTs (56 PPTs each). The second
implementation was during the academic years 2020/21
and 2022/23, two groups of PSTs (35 and 29 PSTs) and two
groups of PPTs (60 and 64 PPTs). The time spent implement-
ing the lesson plan was one hour and 45 minutes with PPTs
and two hours with PSTs.

Finally, the main aspects of the initial design, which are
described in the next section, are summarized in Figure 5.

FIRST IMPLEMENTATION AND DESIGN
DECISIONS

The first design of the lesson plan included different activi-
ties that were developed in the following phases:

PHASE 1.1 (PHASE 1, IMPLEMENTATION 1): RESEARCH
QUESTION.The lesson plan began with the question “Do
bees see colors?” The aim of this question was to arouse the
interest of the participants, as it is a topic for which they may
have hypotheses and ideas (Parrilla et al,, 2017).

PHASE 2.1: INTRODUCTION TO THE CONTROVERSY.
Firstly, | briefly introduced to the students Frisch's biography
and the controversy with Hess, starting from Frisch’s public
refutation of Hess's hypothesis, and continuing with Hess's
criticisms of Frisch’s fish studies using, among others, the
argument from authority. Subsequently, | explained Hess's
experiments and the results that led him to interpret bees as
color-blind while other scientists did not interpret them in
that way. Finally, I highlighted the communication between
Frisch and Hess through scientific journals, making it possi-
ble to debate and disseminate their ideas.
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FIGURE 3. Temporal scheme of the implementations of the lesson plan.

PHASE 3.1: EXPLANATION OF THE ACTIVITY. | asked
preservice teachers to organize themselves into groups of
3-5 and they were challenged to come up with an original
experimental design to test Frisch’s hypothesis that bees
have color vision. To do this, | provided them with the
following information:

“Frisch went to the countryside where he had several hives,
and he took a chair and a table, as he spent long periods
observing bees. For his experiments, Frisch did not have
very sophisticated technology, but he managed perfectly
well with everyday objects. He used colored cards, honey or
sweetened water, and a support for the food (like a watch
glass or a Petri dish). Firstly, Frisch trained the bees by letting
them make several trips to the food source he provided and
then he proceeded with his experiments”.

Although I provided information on the materials used by
Frisch, | told the preservice teachers that they were allowed
to remove and/or include other materials in their experimen-
tal designs, so as not to restrict the possibility for preservice
teachers to devise a priori feasible experiments, even if they
were not exactly the same as Frisch's. We refer to “a priori
feasible experiments”since, after all, the activities developed
in the lesson plan consisted of theoretical exercises that only
demanded formal cognitive operations from the participants
(de Luca, 1974). The groups were given 30 minutes to devel-
op the designs, but in the first implementation the groups
asked me for more time, so | let them work longer. In the
case of the PSTs, the time spent was about 45 minutes while
in the case of the PPTs, it was more than one hour.

PHASE 4.1: PRESENTATION OF GROUPS’ DESIGNS. Fach
group explained its design to the rest of the class. As could
be expected, the groups’ designs differed from each other
and, as in the Frisch and Hess controversy, they discussed the
different interpretations of their possible results.

PHASE 5.1: PRESENTATION OF FRISCH’S DESIGNS. | pre-
sented the first Frisch’s experiments and the interpretation
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of his results. The preservice teachers compared their own
designs with Frisch’s design and were encouraged to think
about how they could improve them. They discussed the
influence of experimental design on the results obtained
and their interpretation.

PHASE 6.1: REDESIGN OF THE EXPERIMENTS. | exposed
one of the weaknesses of the first Frisch experiments: the
possibility that the bees could see in greyscale, which would
also allow them to distinguish colored cards. Groups were
then asked to redesign their experiments to try to rule out
this possibility.

PHASE 7.1: PRESENTATION OF FRISCH’S DESIGNS. |
presented the second Frisch’s experiments to rule out that
bees see only in greyscale.

PHASE 8.1: NEW RESEARCH QUESTION. The teacher
presented Frisch’s concerns about bee communication and
again challenged the groups to design experiments to study
this phenomenon. To this end, the preservice teachers were
given the following information:

“As we have seen, Frisch trained the bees by letting them
make several trips to the food source he provided, and
observed that once one bee discovered the food source
other bees would come to it some time later. Frisch deduced
that this could only be explained if the bees were commu-
nicating in some way, but he had to prove it. As he had

his own hives, he could see the behavior of the bees inside
them, so he decided to design experiments to investigate
bee communication. What do you think we could do to
investigate bee communication?”

PHASE 9.1: CLOSING. The teacher presented Frisch's
experiments to study bee communication and the groups
compared them with their own designs. Finally, the teacher
made a general reflection on the activities, Frisch’s research,
and controversies, emphasizing the NOS aspects addressed.
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Design Decision 4: Initial Introduction to Key
Experimentation Concepts

The changes made to the initial design after the 1st imple-
mentation are summarized in Figure 5. As expected, the
preservice teachers showed difficulties related to the under-
standing of some concepts associated with experimentation,
although there were differences between PPTs and PSTs.

The first difference was related to the level of knowledge
about experimentation. On the one hand, the PSTs had

a general knowledge of what experimentation is and its
characteristics. In fact, many of them conducted experiments
during their university studies, some of them even in their
master’s thesis. Although all of them were familiar with

the terms about experimentation, the vast majority had
misconceptions about the variables involved in experiments
and none of them provided an adequate definition of the
dependent and independent variables. On the other hand,
the PPTs had no knowledge of experimentation.

The second difference was related to the way in which they
considered the aspect to be studied in the experiments, i.e.
the dependent variable. While many of the PPTs set aspects
that could not be observed/measured as a dependent vari-
able, such as“the sight” of the bee, the PSTs only proposed

quantitative dependent variables, such as “the number of
bees”that landed on the cards, or “the number of times”
they returned for food. Although the PSTs'approach was not
necessarily wrong, it is striking that they never considered
proposing qualitative dependent variables.

The third difference is related to the number of replications
of the experiment needed to answer the research question.
While most PPTs proposed a single replication of their
experiments (showing a deterministic view of the associa-
tion between variables), PSTs generally proposed multiple
replications as an indispensable condition (showing a
probabilistic view).

Given the differences shown by both groups of preservice
teachers, it was decided to modify the design of the lesson
plan to include an introduction with key concepts on ex-
perimentation, such as hypothesis, replicability, dependent
and independent variables, and quantitative and qualitative
variables.

Design Decision 5: Inclusion of a New Question and the
Role of Scientific Community

As expected, the groups incorporated certain features of
Frisch's experiments into their own designs after seeing

FIGURE 4. lllustration of an experimental design elaborated by a group of PSTs to study the possibility of bees seeing in greyscale. In

the margin, in Spanish, it says “Petri dish with honey”
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Initial decisions in the design process

1.Highlighting NOS aspects

The design focuses on highlighting creativity
and imagination, role of experimentation,
scientists’ personal beliefs, role of scientific
controversies, research design and
experimental results, differences in scientific
interpretations, role of scientific
communication and moral and ethical aspects.

- U\

2.Focusing on experimental design

The design focuses on distinguishing
between values and variables, recognizing
consistency in variables under constant
conditions, conceptualizing a variable that
plays norole, conceptualizing probabilistic

3.Target groups
and link to the

curriculum

The design is
conceived tobe
implemented with

and deterministic association, and preservice g
conceptualizing simultaneous operation of RIERIICYA
variables. secondary
/ teachers

Decisions taken after the 15t implementation

4 Initial introduction to key aspects of experimentation

The teacher The teacher provides

provides information about the
information about type of variables
the types of (quantitative and
variables qualitative) to address
(dependent, the differences inthe
independent, way that PSTs and

The teacher
provides information
about replicability to
address the
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PPTs and PSTs in
the number of
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6.Elimination of the
second research
question

5.Inclusion of a new
question and the role of

scientific comm unity

The phase about
experimental

designs onbee

communication was
eliminated, given

Inclusion of a new
question that explicitly
questioned the
possibility of the bees

FIGURE 5. Decisions taken in the initial design and after the 1st implementation.

the first experiments he conducted. For example, when
redesigning their experiments, most groups considered the
need to incorporate a second phase in which the food was
removed, as Frisch did. This step is included to ensure that
the odor did not interfere with the bee’s decision about
which card to lay on, although this modification was more
common in PSTs than in PPTs.

The possibility of bees seeing in greyscale was only initially
considered by one group of PSTs (Figure 4). The rest did

not think about it until | explicitly posed the question to

the class. They also did not consider the possibility that the
bees would only distinguish the color(s) that had been used
in their first design. It was therefore decided to modify the
design of the lesson plan to include a second question that
explicitly questioned this possibility. At the same time, this
was considered an opportunity to explicitly address the role
of the scientific community in the development of research,
including these two questions as “critiques of the scientific
community”in the new design of the lesson plan.
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Design Decision 6: Elimination of the Second Research
Question

It was decided to eliminate the phase of developing experi-
mental designs on bee communication. As for the PSTs, the
results were not as expected, mainly because this research
question raised a multitude of sub-questions that would
require different experimental designs, making this task too
long and confusing for the preservice teachers.

One of these sub-questions concerns the need to test which
sense(s) the bees use to communicate. For example, a group
of PSTs proposed an experiment to study whether bees
communicate by vibrations, while others set up experiments
to study possible communication by pheromones or the
senses of smell, sight, and touch. The low specificity of this
question led the groups to come up with very different
objectives, which did not allow for a discussion of com-
monalities between the designs, as the designs for the first
research question did. In the case of the PPTs, they did not
even have time to do this task, as they spent more time
elaborating their experimental designs. In this case, | only
gave brief information at the end of the class about Frisch’s
experiments to study bee communication.
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SECOND IMPLEMENTATION AND
REFLECTIONS ON THE SECOND DESIGN

The sequence of the second design had the following
phases (see Figure 6):

PHASE 1.2 (PHASE 1, IMPLEMENTATION 2):
INTRODUCTION. To introduce the key concepts of experi-
mentation, a task was designed using a one-minute video of
a scene from the popular TV series The Big Bang Theory (Lorre
et al, 2012). During the scene, the main characters use key
terms of experimentation while they conduct an experiment.

PHASE 2.2: RESEARCH QUESTION. The research question
was posed in the same way as in phase 1.1.

PHASE 3.2: INTRODUCTION TO THE CONTROVERSY. The
controversy between Frisch and Hess was introduced in the
same way as in phase 2.1.

PHASE 4.2: EXPLANATION OF THE ACTIVITY. The activity
was explained in the same way as in phase 3.1, but this

time the groups were asked to indicate the dependent and
independent variables of their experiments.

PHASE 5.2: PRESENTATION OF GROUPS’ DESIGNS. The
groups presented their first experimental designs in the
same way as in phase 4.1, although in this case the role of
the scientific community was emphasized. To this end, it
was indicated that the whole class would act, as if it were a
role play, as members of the scientific community in charge
of evaluating the other groups' designs, pointing out their
strengths and weaknesses. | also performed this scientific
critique function together with the preservice teachers
during the presentations. Subsequently, | instructed the
groups to check whether they had set up the variables of
their experiments well.

PHASE 6.2: PRESENTATION OF 1ST FRISCH’S EXPERI-
MENTS. | presented the first Frisch experimental designs in
the same way as in phase 5.1. | reminded the groups again to
check their variables.

PHASE 7.2: REDESIGN EXPERIMENTS. The redesign of the
experiments was approached in the same way as in phase
6.1, but I again indicated the need for a scientific critique

of the designs of the rest of the groups. Groups were given
10-15 minutes to redesign their experiments and again
reminded to check their variables.

1.2 Introduction 2.2 Research

| take it into account.

. This is followed by
«_ adiscussion. .’

- ——————

3.2 Introduction to

Frisch’s design
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FIGURE 6. Scheme of the sequence of the 2nd implementation of the lesson plan.
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1% experimental design (2% experimental designl] Caras with
Colored cards . Watch glass with Experiment 1  Experiment2 honey only on
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i 2. 3. 4. - @ &=x
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FIGURE 7. lllustration of the 1st and 2nd experimental designs developed by a group of PPTs. Adapted from the original for translation

into English.

PHASE 8.2: PRESENTATION OF 2ND FRISCH’S EXPERI-
MENTS. | presented the second Frisch experimental design
in the same way as in phase 7.1. | reminded the groups again
to check their variables.

PHASE 9.2: REDESIGN EXPERIMENTS. | introduced the
new question about the possibility that the bees might not
distinguish all colors, again stressing the need for scientific
critique of each other’s designs. Groups were given 10-15
minutes to redesign their experiments and again reminded
to check their variables.

PHASE 10.2: CLOSING. | made a general reflection on the
activities in the same way as in phase 9.1.

Reflections on the Second Design

Most groups, both PSTs and PPTs, correctly identified the
dependent and independent variables in their first experi-
ments. Thus, they generally identified bee behavior as the
dependent variable and color, honey, or the position of the
cards as independent variables, although they named the
variables differently depending on the specific characteristics
of their designs. For example, as dependent variables they
identified the “color of the cards” or “the cards” on which the
bees land as the aspect observed in the experiments, while
as independent variables they identified "honey’, “amount
of honey’, "color” or “position” of the cards as manipulated
aspects in the experiments.
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However, not all of them correctly identified the variables.
For example, one group of PPTs identified the bee's “percep-
tion of color”as the dependent variable in their first design
(see Figure 7). During the class discussion, other classmates
pointed out to them that their dependent variable was the
behavior of the bee since they could not observe and/or
measure the bee’s “color perception” but could only observe
where the bee landed. When this group redesigned its
experiment, they identified “bee behavior” as the dependent
variable. It is also worth noting that in their second experi-
mental design, this group decided to include a second phase
of the experiment in which the honey was removed and the
cards were repositioned to rule out the possible influence of
both honey smell and bee memory. This can be explained by
the fact that they had already seen Frisch’s experiments.

In the second academic year, neither group considered the
possibility that the bees could see in greyscale or distinguish
only certain colors, so | considered it appropriate to intro-
duce these questions explicitly. The introduction of these
questions in the form of a scientific critique was a good

way to address the role of the scientific community in the
development of the research.

It is possible that the decision to include an introduction
about experimentation helped preservice teachers under-
stand some key concepts. Apart from my own perception, in
the second implementation, a pretest-posttest questionnaire
was used to collect data on the PPTs'understanding of
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certain concepts associated with experimentation. Although
these data are still under analysis, the preliminary results
show that after the lesson plan, there is an increase in the
number of PPTs who correctly identified both the depen-
dent and independent variables of a simple experiment, as
well as a decrease in incorrect identifications (some of these
differences are statistically significant).

Finally, the modifications made to the second implemen-
tation seem to have improved the lesson plan, removing
phases that were confusing for participants and adding oth-
ers to explicitly address aspects that participants overlooked.

FINAL CONSIDERATIONS

The lesson plan design was a challenge for the participating
preservice teachers, as they had to face a task that is rarely
tackled in science classes: the design of an experiment.

But it was also a challenge for me as a teacher. The type of
activities included in the lesson plan would be considered
ill-structured activities since there is no single final solution,
which means that the teacher has no definitive answer to
guide the students towards. Frisch’s experiments, as often
happens in science, are not the only ones that could be used
to study the vision of bees, but other designs could also be
valid, a priori, to study this phenomenon. Therefore, knowing
about Frisch’s experiments is very useful for the teacher, but
the challenge for her or him is not to push the students to
make copies of Frisch's experiments but to be able to use
the knowledge gained to evaluate, critique, and guide the
discussion of the students’'designs.

Experimentation always involves the idea of uncertainty
(since the outcome of an experiment is never known in
advance) and, almost always, the idea of failure (since an
experiment rarely gets it right the first time and often needs
to be refined or changed). According to Kamarainen et al.
(2023), students show a deep discomfort with failure, and
this would make it especially difficult for teachers to engage
them in processes that make experimental failure a produc-
tive part of science. Related to this, Damerau et al. (2021)
measured the causes that students attribute to success and
failure in performing experiments. They concluded that
girls were more likely to explain their success in experimen-
tation by luck and the low degree of difficulty of the task
than by their ability compared to boys, which may lead to
demotivation and low self-concept. These authors point to
the need to develop strategies that illustrate that success in
experimentation is usually due to personal effort and ability,
in order to make science lessons more motivating and less
frustrating. The feedback received from the participants
during the implementation of the lesson plan was positive,
especially among the PSTs of the 7th implementation. They
said that they enjoyed doing the activities very much and
were interested in the possibility of carrying them out with
secondary students. In the case of the PPTs, despite having
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a generally favorable opinion, it was recurrent that some

of them expressed that they perceived a certain degree of
difficulty in the activities. This is logical considering their

less scientific background. Therefore, this good perception
suggests, in my opinion, that this lesson plan has motivation-
al potential, and it can be very useful for involving students
in learning aspects of experimentation, which is often a
difficult task for teachers (Kamarainen et al., 2023). It could
also contribute to less frustration, especially with PPTs, which
are mainly female students.

On the other hand, the Frisch and Hess controversy could be
approached with other methodologies. One of them would
be by elaborating a text on the controversy from which
students would have to answer some questions about NOS,
a strategy already used by other authors (Acevedo et al,,
2016b; 2017). The possibility of carrying out the experiments
is also interesting and only one similar experience has been
found in the literature. Blackawton et al. (2011) involved 25
children (8-10 years old) in the study of bumblebee vision.
Although the authors do not mention Frisch’s experiments at
any point in their article, they have many similarities. Two of
the authors trained the bumblebees and, together with the
children themselves, designed a series of “‘games”in which
the children formulated research questions, hypotheses,
designed the experiments, analyzed the data, and wrote

a report. The authors note that the children, in their own
words, discovered that “bumblebees can use a combination
of color and spatial relationships in deciding which color of
flower to forage from”and that “science is cool and fun be-
cause you get to do stuff that no one has ever done before”
(Blackawton et al,, 2011, p. 168). This experience suggests
that the designed lesson plan could also be suitable for
primary education. Finally, the lesson plan designed could
also be included in broader training programs to address
other relevant issues in science education. For example,
experiences can be found that addresses the socio-scientific
issue of the decline of bee populations through modeling
practices (Puig & Evagorou, 2020) or through educational
activism (Baptista et al,, 2018).

However, there remain some design issues that | intend to
address in future implementations, such as spending more
time reflecting on non-epistemic aspects that have not been
sufficiently addressed in the lesson plan. One of them is the
reflection on ethical issues in science through the criticisms
received by Frisch on his decision to continue working
during the Third Reich.

CONCLUSIONS

Although data collected during the second implementation
are still under analysis, some preliminary conclusions can

be drawn based on the experience gained from the two
implementations:
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+ Thelesson plan has gone beyond its initial objective of
dealing with aspects of experimentation with preservice
teachers and has proved to be very suitable for dealing
with many other aspects of NOS. However, in future
implementations, it is necessary to collect data to
analyze whether the lesson plan improves the preservice
teachers'understanding of these aspects.

« The lesson plan allows dealing with relevant concepts
about variables in experimentation, such as replicability
or dependent and independent variables, some of which
have been shown to arise spontaneously by preservice
teachers (e.g., probabilistic as well as deterministic
associations between variables).

+  Positive feedback was received from the participating
preservice teachers on all implementations, indicating
that the lesson plan has motivational potential. However,
this would need to be confirmed empirically, e.g. through
opinion questionnaires.

« The lesson plan can contribute to illustrating the role
of effort in the success of experiments, avoiding the
frustration often shown by students when participating
in activities about experimentation.
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