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Abstract: Science shows, such as chemical Christmas lectures, are a 200-year-old tradition in science commu-
nication. While their entertainment value is evident, their educational impact remains less understood. This
study examines audience perceptions and student learning experiences from a Chemical Christmas Lecture. A
qualitative survey revealed that striking visual experiments left strong impressions but were often recalled
without deeper scientific context. Meanwhile, university students actively involved in the event reported gains in
confidence, communication skills, and risk assessment. These results highlight the potential of science shows as
both outreach and training tools and provide a first step toward understanding their dual impact, warranting
further, more systematic investigation.
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1 Introduction

A while ago, I was invited to present a chemistry lecture with demonstration experiments for school students
during a science congress. The session featured a range of chemical demonstrations, including striking reactions
with carbon dioxide. In the afternoon, the students were asked what they had learned in the individual sessions
throughout the day. One student enthusiastically recalled “the Coke and Mentos experiment.” I was taken aback:
I had only mentioned this experiment in passing but had not performed it. This moment prompted a deeper
reflection: What do audiences actually retain from science shows? Do they remember what was actually shown,
or what they expected to see?

Science shows, including Christmas lectures, represent a time-honored and widely popular format of science
communication, with a tradition that dates back to 1825 when Michael Faraday first delivered a chemistry lecture
intended for young people and the public." Notable among these lectures was “The History of a Candle”, which
was later published as a book, laying the foundation for the Royal Institution’s annual Christmas lectures.” Beyond
that, Faraday focused on communicating science to the general public® and these lectures are often regarded as
the inception of science communication.* Until today such lectures are a traditional part of the pre-christmas
season at many universities. Yet despite their long-standing tradition and wide appeal, there is surprisingly little
empirical research on their educational impact.

The first question addresses a known but under-researched phenomenon: Science shows often leave a vivid
impression, but it remains unclear which ideas, concepts, or messages actually stay with the audience. Evaluating
such impact poses a methodological challenge. Large-scale tools are difficult to implement in festive, informal
contexts. Audience members typically leave the venue right after the show, and participation in surveys is low.

The second question focuses on the active role of students, which is still relatively uncommon in the context
of university science shows. In the case presented here, a group of student teachers planned, developed, and
performed a full-scale chemistry show as part of a teaching practicum. Their involvement extended from
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experiment selection and safety assessments to stage presentation and audience interaction. This constellation
raises an important question: can the students involved gain authentic, meaningful learning experiences?
Exploring this dimension contributes not only to the understanding of science shows as a communication format,
but also to the development of practice-oriented teacher education.

2 Theoretical framework

Science shows, including chemical Christmas lectures, represent a distinctive form of science communication
situated at the interface of education and entertainment. Their appeal lies largely in the use of live demonstration
experiments, which have a long tradition in science education for engaging audiences and making abstract
processes tangible. Yet, despite their popularity, the question of what participants, whether audience members or
performers, learn from such events remains open. Previous research offers valuable insights but also reveals
gaps: the effectiveness of demonstration-based learning is contested, the educational value of science shows as a
specific communication format is underexplored, and the potential benefits for those who design and deliver
them are rarely addressed.

2.1 Limitations of demonstration-based learning

Demonstration experiments have long been a staple of science education, valued for their ability to capture
attention and make abstract processes visible. However, their effectiveness for promoting deeper conceptual
understanding remains contested. Hofstein and Lunetta note that while demonstrations can enhance visuali-
zation and motivation, they often fail to foster sustained understanding unless accompanied by opportunities
for discussion, prediction, or reflection.’ Students may enjoy watching experiments but rarely connect them
meaningfully to underlying scientific concepts, particularly when the emphasis lies on surprise and spectacle.®
This often results in limited learning outcomes. Learning gains can be enhanced when students are actively
involved.” This can include predicting outcomes before an experiment, engaging in post-demonstration discus-
sions, or reflecting on discrepancies between expected and observed results.*’

In contrast to these more evidence-based perspectives, Obendrauf takes a more practice-oriented position,
arguing that emotionally engaging presentations, or what he calls “beautiful packaging,” can enhance attention
and memory.'” While this view highlights the potential importance of aesthetic and affective elements, it remains
a proposition rather than a tested claim.

2.2 The science show as a distinct communication format

Science shows, including chemical Christmas lectures, occupy a unique position at the intersection of education
and entertainment. In their review, Austin and Sullivan™ distinguish between classroom demonstrations,
demonstration-based science shows, theatrical science shows, museum theatre and socio-scientific plays. To
help engage with the public, the Royal Institution has also introduced supplementary events to their annual
Christmas lectures.'* Despite the popularity of such lectures and shows, there is surprisingly little systematic
research on the educational impact of science shows." Most studies are small and limited to the evaluation of
the show. Research on these science shows has repeatedly addressed whether they effectively appeal to new
audiences or primarily attract individuals who are already interested in science.”*** Some more systematic
studies have been carried out as part of the traditional Royal Institution Christmas Lectures. These studies
demonstrate that students watching the lectures rate them as “cool,” “exciting,” and “fun,” emphasizing the
experiments as a highlight."” Participants appear to leave the event with a positive image of science. Not only
the visiting students in the audience were interviewed, but also so-called “science enthusiasts”. These in-
dividuals watched the Christmas lectures on television and voluntarily participated in a survey. They stated
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that the Christmas lecture often constitutes a part of their annual Christmas tradition. It is evident that these
individuals possess a substantial amount of “science capital” and exhibit a profound interest in science. This,
however, is crucial in determining the impact and learning effect of such science shows and lectures. In the
context of a physics show in South Africa it was shown, that children from less educated homes learn signif-
icantly less from such shows and may even develop misconceptions.'®

There have been only few studies on the particularly effective design of such science shows. Beeken
investigated a chemistry science show and found that well-designed demonstration lectures can spark and
sustain situational interest in chemistry, with effects still measurable after six weeks. He also identified signif-
icant gender differences, with boys scoring higher in subject-specific interest, disciplinary interest, and self-
concept.”

In case of the transfer of knowledge, it can be said that such shows provide only basic knowledge'® but
links to everyday life can be helpful. Sadler'® found that viewers often make connections between the content
of a science program and other areas of their lives, particularly with respect to experiments that are sur-
prising, unexpected, or entertaining, which are remembered in the long term, while educational formats,
such as analogy experiments, are often less memorable. On the other hand, Walker revealed that elements of a
spectacular show have the potential to distract from learning.”® But if they are linked to core messages, they
can also have a reinforcing and therefore positive effect on learning. In German-speaking countries, chemical
Christmas shows have become an integral component of university science communication and usually
consist of a compilation of spectacular demonstration experiments, sometimes linked by a funny storyline
with more or less focus on imparting knowledge.?" %

Science shows typically take place in informal learning environments such as theatres or auditoriums, where
participation is voluntary and the atmosphere emphasizes entertainment. Learning in such settings is shaped by
emotions, prior expectations, and momentary engagement.”* Drawing on museum research, Falk and Dierking
note that attention in informal environments is often fragmented and that opportunities for structured assess-
ment are limited.”® In such contexts, traditional evaluation tools may be impractical. Low-threshold methods,
such as the single open-ended question used in this study, can provide practical alternatives for capturing
spontaneous impressions without disrupting the event. While these approaches cannot measure learning in
the conventional sense, they can reveal what participants themselves perceive as memorable or meaningful.

2.3 Learning through performances: the student perspective

A distinctive feature of this study is its focus on what student teachers learn from creating and performing science
shows. While science outreach activities are increasingly recognized as valuable components of science educa-
tion, research has largely concentrated on their impact on audiences rather than on the learning experiences and
professional development of those who deliver them. DeWitt and Osborne note that teacher engagement in
informal science education settings can enhance student learning outcomes, yet the involvement of student
teachers in such events remains underexplored.”® Self-Determination Theory offers a useful lens for under-
standing why this context can be particularly powerful for learning.”’ Students experience autonomy in selecting
and designing experiments, develop competence through preparation and performance, and build relatedness
through collaborative work and audience interaction. These conditions foster intrinsic motivation that extends
beyond typical laboratory experiences. Moreover, the learning extends beyond cognitive outcomes. Following
Anderson and Krathwohl’s expanded taxonomy, students can also develop affective and psychomotor com-
petencies such as self-confidence, public speaking skills, spontaneous communication abilities, and stress
management.®%°

In summary, existing research consistently shows that science shows can capture attention, spark situational
interest, and create memorable emotional experiences for audiences. However, their capacity to promote deeper
conceptual understanding remains contested, with evidence suggesting that spectacular effects often dominate
memory at the expense of underlying scientific ideas. Moreover, the vast majority of studies focus on audience
reception, leaving the learning experiences and professional development of those who create and deliver such
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shows, especially student teachers, largely unexplored. This omission is notable given the potential of such
experiences to foster autonomy, competence, and relatedness,”’ as well as affective and psychomotor compe-
tencies?®* that are rarely addressed in traditional chemistry education.

Addressing these gaps, the present study examines both the audience’s takeaways and the student
presenters’ learning experiences from a university-based Chemical Christmas Show. By combining a simple
post-event audience survey with a reflective survey of participating students, we aim to provide a more
comprehensive picture of the educational potential of this long-standing science communication format.

3 Research focus

Guided by the gaps identified above, this study focuses on two complementary questions:

(1 What three key insights, impressions, or contents do visitors express directly after the event?

(2) What personal insights, experiences and learnings do students express after their active participation in a
chemical Christmas show?

These questions allow us to investigate not only the immediate, self-reported impact of a science show on its
audience, but also the potential of the format as a practice-oriented learning environment for future chemistry
teachers.

4 Conception of the Chemical Christmas Show

The Chemical Christmas Lecture at the University of Graz has along tradition. After a break of several years it has
been offered again for the last five years. For the past four years, the event has been presented by students as part
of a laboratory course and is thus integrated into the chemistry teaching program. The students select, prepare
and perform experiments, often in the form of short sketches. Three years ago, the Christmas Lecture was
renamed the Chemical Christmas Show and moved to public theaters in the city, and for the last two years it has
been held in the local theatre “Schauspielhaus Graz” in front of 520 spectators. The relocation of the event to well-
established cultural venues underscores the significance of the occasion and facilitates its appeal to a more
extensive and heterogeneous audience Figure 1.

The study took place as part of the 2024 Chemical Christmas Show themed “Chemical Moments”. This show
featured and explained popular experiments from social media, including well-known experiments such as
“elephant toothpaste” and “the chemical traffic light,” as well as more novel experiments, such as the production
of rubies in a microwave (see Table 1).

Figure 1: Stage and view into the theater before the show
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Table 1: Brief description of the experiments.

Experiment

Description

[1]1 Luminol and fluorescence

[2] Student experiment from a school
competition

[3] Supercooled melt

[3a] Different ways to open a beer
bottle

[4] Rainbowshots and color-changing

gin
[5] Chemical chameleon

[6] Woosh bottle and burning
banknote

[7] Experiments on blue dyes

[8] Rubies out of a microwave

[9] Gummy bears and Nutella

[10] Experiments with black powder
[11] Chemical fireflies

[12] Elephant toothpaste

Pyrotechnics:
See you in 2025

Various experiments on luminescence and fluorescence.
Production of alginate balls that glow under UV light by students from a local school.

Supercooled melt and experiments with saturated sodium acetate solution.
Different ways to open a beer bottle (inspired by social media).

Experiment in which liquids of different densities and colors are carefully layered on top of each
other to create a rainbow effect when poured, illustrating the principles of density and layering.
Colored gin changes color when tonic water is added.

Redox reaction in which indigocarmine in alkaline solution repeatedly changes color between green,
red and yellow due to oxidation and reduction, depending on the oxidation states of the dye.

A banknote is dipped into a mixture of water and ethanol and ignited.

The “woosh bottle” is an experiment in which alcohol vapors are ignited in a large bottle, resulting in
a rapid combustion that impresses with a loud “woosh” sound and a short flame.

Various experiments on the color “blue”, including dyeing with indigo

Rubies are synthesized using a mixture of aluminium oxide and chromium(III)-oxide in a microwave.
Experiment in which a gummy bear is oxidized in molten potassium chlorate, resulting in a violent
exothermic reaction that illustrates the energy of the sugar. The situation is similar with Nutella.
Here, however, the energy content of the fat also becomes clear.

Production of black powder and demonstration of the difference between open burning and
compression (cannonball).

Catalyzed oxidation of ammonia with chromium(III)-oxide.

Experiment in which the catalytic decomposition of hydrogen peroxide with potassium iodide or
another catalyst releases large quantities of oxygen which, together with a surfactant, produce an
impressive foam formation.

Lighting of lanterns in the shape of the number 25 as a conclusion and reference to the new year
2025.

In preparing the experiments, special attention was given to ensuring that they were appropriate for the target
audience. Emphasis was also placed on the safe execution of the experiments on stage, including a thorough risk
assessment. Some of the experiments were accompanied by quiz questions about the experiment, which the audience
could answer via Mentimeter. This interactive element was deliberately implemented to encourage active partici-
pation and cognitive engagement, in line with research showing that such involvement can enhance learning gains
compared to passive observation. The winners were awarded prizes at the end of the show. The students presented
their experiments in the form of entertaining and individually designed contributions to the show (see Figure 2).

At the beginning of each presentation, the underlying social media post was also presented. Only realistic
experiments were considered for the show. So called fake experiments were excluded.

Figure 2: Show experiments were presented, some of which
could also be imitated. Here you can see the burning
banknote using 60 % rum. (Copyright: Angele/University of
Graz).
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5 Methods

Surveying the audience after the show is challenging. To keep it as efficient as possible, the survey was limited to a
single open-ended question: ‘What three things did you take away from today’s show?’ Responses were recorded
using audio recorders, and no other personal data was collected. Thirty-three individuals participated in the
survey. Subsequently, the students’ learnings were surveyed one week after the chemical Christmas show. All
students who had been actively involved in the design and implementation of the show were surveyed with the
open-ended question “What personal insights and experiences will you take away from your active participation
in the Christmas show?”. Unlike the audience, the students answered the question in writing with optional using
bullet points. Their responses were not recorded in interviews, as this would have required them to forfeit their
anonymity. I also hoped that this approach would encourage more open and honest answers. In contrast to the
audience survey, there was no limit to the number of aspects they could mention.

The responses from both surveys were transcribed and analyzed separately as part of a qualitative content
analysis according to Kuckartz.*® Categories were derived inductively from the material. These categories were
then grouped into subcategories where it made sense in terms of content.

Subsequently, the experiments cited in the audience survey were assigned to the show schedule. It was also
evaluated whether the experiments were merely mentioned or described, or if they were connected to additional
explanations from the show. These responses were then assessed for accuracy.

6 Results

The results are presented in two parts, corresponding to the study’s dual focus. First, we examine the audience’s
immediate takeaways from the show, analyzing both the content and nature of their responses. Second, we
explore the learning experiences reported by student presenters, revealing a distinct set of professional and
personal development outcomes.

6.1 Audience perspectives: what viewers take away

First, the results of the audience survey are reported. The responses of the interviewees were categorized.
In most cases, three categories were identified per person. However, the responses of five people could only
be assigned to two categories, while the responses of two people could only be assigned to one category. The
responses of one person were assigned to four categories. This resulted in a total of 91 responses. These are
shown in Table 2.

The post-event survey of the audience members revealed that the Chemical Christmas Show elicited a
profound response, both in terms of its content and the emotions it evoked. The survey results indicated that the
most prevalent responses were related to the “experiments” category, with 38 nominations. Notable experiments
such as “elephant toothpaste” (mentioned nine times), “fireflies” (mentioned four times), and “black powder”
(mentioned five times) garnered significant attention. Additionally, three individuals expressed particular
satisfaction with experiments they had prior knowledge of, indicating a personal connection to the scientific
content. The quiz, as an interactive element of the show, was mentioned five times. Two individuals specifically
highlighted one particular fact: the fluorescence of banana peel cells upon dying (‘glowing banana peel’). The
unique presentation of the show was mentioned by 16 people, with the design of the show by students (nine
mentions) and the exciting design (five mentions) being particularly emphasized. Two individuals also expressed
a personal connection to the performers. The “chemistry” category, which received 15 mentions, demonstrates
the show’s impact on shaping perceptions of chemistry. Statements such as “chemistry is exciting” (4 mentions),
“chemistry is interesting” (4 mentions), and “chemistry is fun” (4 mentions) were made in this category. One
audience member exemplified this shift in perception: ‘Until now, I always thought chemistry was completely a
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Table 2: Categories of responses from the audience (N = 33, maximum 3 responses possible)

Category N Subcategory N Subcategory N
Experiments 38
Experiments (unspecific) 6
Joy about already known or favorite experiments 3
Mention of a specific experiment 31
Elefant toothpaste 9
Chemical firefly 4
Experiments with black powder 5
Rubies out of a microwave 3
Experiments on blue dye 2
“Woosh bottle” and burning banknote 2
Rainbowshots 2
Different ways to open a beer bottle 1
Supercooled melt 1
Pyrotechnics 2
Presentation 16
Exciting presentation 5
Presentation by students 9
Personal connection to contributors 2
Chemistry 15
Chemistry is exciting/interesting 8
Chemistry is exciting 4
Chemistry is interesting 4
Chemistry is cool/fun 4
Chemistry is dangerous 1
Learned about new chemicals/connection to prior knowledge 2
Quiz 5
Quiz (unspecific) 3
Glowing banana peel 2
Studies/University 5
Studies are exciting 2
Positives image positive image of teacher training 2
Good chemists at the university 1
Location

3
Everyday relevance 3
Miscellaneous 6

Total 91
Only one mention 2
Only two mentions 5
Four mentions 1

dry subject that only happens behind a test tube. But wow — really amazing experiments’ (Audience #24).
Additionally, the event had a positive influence on the image of the university (5 mentions), particularly in
relation to teacher training and the perception of chemists. One respondent explicitly connected the show to the
university’s educational mission: ‘I saw that [...] at the university, good chemists and great teachers are being
trained [...] and I think that’s cool’ (Audience #23).

In a subsequent evaluation phase, the experiments cited by name or in detail were assigned to the specific
course of the show and evaluated based on their accuracy. Mere mentions of experiments were coded yellow,
while mentions accompanied by incorrect additional information were coded red, and those accompanied by
correct additional information were coded green (see Table 3).

The experiments that were mentioned most frequently were “elephant toothpaste,” “black powder,” and
“chemical firefly.” A notable trend is the increased frequency with which experiments conducted at the
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Table 3: Classification of the experiments mentioned in the program and presentation of the correctness of the information given (green:
naming of the experiment with correct explanations; yellow: naming of the experiment; red: naming of the experiment with incorrect
additional information). Experiments accompanied by quiz questions were marked with (Q).

Duration [min] Experiment N
00:05 [11 Luminol and fluorescence
Quiz: glowing banana 2
00:10 [2] Student experiment
00:05 [3] Supercooled melt I 1
[3a] Ways to open a beer bottle 1
00:10 [4] Rainbowshots (Q) 2
00:05 [5] Chemical chameleon (Q)
00:10 [6] Burning banknote (Q) 2
00:10 [7] Experiments on blue dye I 2
00:10 [8] Rubies out of a microwave 3
00:10 [9] Gummy bears and Nutella (Q)
00:05 [10] Black powder | 5
00:05 [11] Chemical fireflies I 4
00:05 [12] Elephant toothpaste (Q) - 9
00:05 Pyrotechnics 2

conclusion of the show are cited, although these experiments typically possess a discernible effect and frequently
involve flames or explosions. A prevailing tendency towards experiments involving fire or a distinctly observable
effect is evident. Notably, the burning of a gummy bear or Nutella with potassium chlorate stood out as an
exception. Notably, experiments without supplementary information were most frequently cited (V = 16). Seven
instances were associated with technically inaccurate supplementary information. Conversely, as many as 11
experiments were correctly identified by referencing the additional information provided in the show.

6.2 Students perspective: learning through performance

In addition, a survey was conducted among the students. The responses of the 22 students are displayed in Table 4.

In the domain of “experiment,” students most frequently cite learning effects. In this context, the students
primarily highlight positive learning outcomes associated with the preparation and presentation of experiments.
The students express a favorable opinion of the approach that emphasizes meticulous preparation and pre-
sentation of experiments. Additionally, they underscore the value of risk assessment as a pivotal component of
experimental preparation, recognizing its potential to enhance learning outcomes. In contrast to the laboratory
setting, where experiments are conducted for the sake of scientific discovery, these activities are specifically
designed for the designated venue and stage, necessitating a more thorough examination of potential hazards. A
total of 14 mentions are associated with the category “personal development”. Within this category, students
reported an increase in self-confidence (N = 4) and the acquisition of strategies to manage nervousness (N = 6).
Additionally, students highlighted the positive impact of fostering teamwork (N = 7). The stage experience is
mentioned positively by the students. However, five students acknowledged the event as being both stressful and
time-consuming. Nevertheless, none of the students articulated exclusively negative impressions, which suggests
that, in general, the experience had a predominantly positive impact on the participating students. This positive
impact is captured in one student’s reflection: ‘Breaking down the explanation so that it was understandable for
the audience was not so easy. [...] The evening of the Christmas lecture was very nice and also a cool experience
because you felt very professional. The experiments of the others were also cool and you could take something
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Table 4: Categories mentioned by students (N = 22, multiple answers).

Category N  Subcategory N  Subcategory N
Experiments 19

Experimenting in front of an audience 5

Experiments can inspire 3

Preparation of experiments 8

Experiments found online can contain errors
Risk assessment/safety evaluation
Preparation of self-chosen experiments
Planning is important

Rehearsing is important

= NN DN -

Explanation for laypeople 2
Everyday phenomena can inspire the audience

—_

Personal development 14

Strengthening self-confidence/self-assurance 4
Dealing with nervousness 6
Learning spontaneity/improvisation 3
Recognition from the audience 1
Stage 12
Stage experience
Acting/creativity 3
Organization/preparation of a show 2
Team 7
Working in a team 3
Team building
Miscellaneous 1"
Stressful/time-consuming 5
Many people interested in chemistry 1
Great experience 5
Total 63

away for school’ (Student #14). This response encapsulates key themes from this small study: the challenge of
science communication, the professional development aspect, and the transferable learning for future teaching
practice.

7 Discussion and outlook

Like a bit to be expected, the results indicate that the primary value of such events lies less in the direct transfer of
deeper knowledge and more in their entertainment factor and their ability to enhance the public perception of
chemistry. Experiments with striking visual effects like the “elephant toothpaste” or experiments with black
powder left a particularly strong impression on participants and were frequently mentioned. However, these
experiments were often recalled without further details or even false explanations, indicating that science shows
primarily serve to spark excitement and curiosity rather than to convey in-depth scientific knowledge. Experi-
ments accompanied by quiz questions seemed to be not recalled more frequently than other experiments.
Notably, one quiz question about “glowing banana” was explicitly mentioned in audience responses, suggesting
that targeted investigation of such interactive elements could be worthwhile. This aspect should be examined
more specifically in future studies. Furthermore, several participants expressed enjoyment at seeing familiar
experiments again, which were also among the most frequently mentioned, such as the “elephant toothpaste” or
black powder. These instances may tap into prior knowledge, potentially prompting more focused observation.
However, it is important to note that these experiments were often listed without any accompanying explanation,
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meaning no inference about improved understanding can be made in this context. Future investigations should
place greater emphasis on this aspect. One possible approach is the use of test classes, which will be implemented
for the next Christmas show. This will allow for more detailed feedback and make it possible to assess prior
knowledge and expectations.

These findings are consistent with previous research by Sadler.' While such events may not always facilitate
deep learning, they appear to foster positive attitudes toward science and can also contribute to a positive image
of the hosting institution and its scientists. Interestingly, this effect appears to extend to the perception of research
itself, as some respondents stated after the show that they believed the university had excellent scientists and
high-quality courses, drawing broader conclusions about the institution’s research from the show. This is an
interesting approach for further research and demonstrates that it may be worthwhile to put more effort in the
investigation on the effect of such science to public events. From the perspective of Brossard and Lewenstein’s
framework on public engagement with science, the Chemical Christmas Show primarily achieved “inspirational”
and “attitudinal” outcomes, rather than deep conceptual change.*! While factual recall was limited and some-
times inaccurate, the event succeeded in enhancing curiosity and fostering a more positive perception of
chemistry and its practitioners.

Integrating such events into the curriculum and student training can also provide significant added value.
Students had already been actively involved in previous shows. While their positive experiences had previously
been perceived subjectively, they were now objectively confirmed by the small survey. The results suggest that
actively participating in a science show can offer valuable learning experiences, especially when integrated into
coursework. Students particularly emphasized the added value of preparing experiments for the audience. They
highlighted the importance of handling hazards and conducting risk assessments, which had to be adapted to the
venue and stage—an aspect less common in standard laboratory work. This experience allowed them to effec-
tively apply the theoretical content from their teacher training courses in practice. Additionally, they reported
investing more effort in developing the experiments due to the highly diverse target audience. Beyond scientific
skills, participation in the show also appears to foster the improvement of personal skills. Some students reported
increased self-confidence and an improved ability to manage nervousness. These findings support the idea that
including students in the design and execution of such events can be beneficial—not only for the audience but
also for the students themselves. Engaging in these activities helps future chemistry teachers develop essential
skills, such as designing and delivering experiments tailored to specific learning and target groups (Figure 3).

These findings align with Self-Determination Theory (Ryan & Deci, 2000), which predicts that contexts
offering autonomy, competence, and relatedness can foster intrinsic motivation and sustained engagement. The
students’ reflections on self-confidence, risk assessment, and audience interaction directly map onto these needs.
Furthermore, the affective and psychomotor competencies reported—such as public speaking, improvisation,
and stress management—are consistent with Anderson and Krathwoh!’s (2001) expanded taxonomy, suggesting
that performance-based outreach activities can address dimensions of teacher education that traditional labo-
ratory instruction rarely reaches.

Figure 3: All participants of the 2024 Christmas show on
stage (Copyright: Angele/University of Graz).
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The aim of the study reported here was to gain insight into the learning effects of a chemical Christmas show
or lecture. It is important to note that the present study is based on a simple, ad hoc survey with a comparatively
small sample size. Consequently, the results can only be generalized to a limited extent and cannot make any
definitive statements about the impact of such shows. Nevertheless, the results show that it can be worthwhile to
take a closer look at the impact of such chemical shows and chemical Christmas lectures. Overall, these results
also show that the communication of content and knowledge at such events is not particularly successful.
However, the finding that the image of the university and its researchers can be improved through such formats is
promising. This opens new opportunities to improve these 200 year old science communication events.
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