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ABSTRACT
Non-formal, yet educative, activities such as science festivals can
positively influence the public regarding their attitude towards Science,
Technology, Engineering and Math (STEM) subjects and students’
willingness to pursue STEM-related careers. We evaluate the changes
made to adapt the Oxford Brookes Science Bazaar, a science festival
that has been delivered face-to-face since 2008, to a virtual format in
2021 due to the COVID-19 pandemic. The online festival included 28
pre-recorded and 12 live activities of different types (hands-on,
demonstration, games, lectures, podcasts, virtual tours). Hands-on
activities and virtual tours had the highest number of unique viewers,
while lectures and podcasts were the least watched. The videos were
watched also after the advertised date of the festival and reached a
broader audience than the physical events. The number of participants,
the holding time, and the proportion of people who filled the feedback
forms, however, were lower in the online than the physical events.
STEM organisations should consider hybrid events, with both virtual
and in-person contents, to reach a broader audience and to create
more inclusive events. We provide recommendations on how to
maximise the benefit of virtual formats, including expanding blended
virtual activities to reach a wider variety of age groups.
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Introduction

Modern informal and non-formal science activities, including various extra-curricular activities,
often take place in different environments and contexts ranging from museums, exhibitions,
planned events, and universities (Tisza et al., 2020). Fan and Williams (2010) showed that extra-
curricular activities, when compared to formal activities, lead to an increase of motivation and
engagement amongst young students. Science, Technology, Engineering and Math (STEM) disci-
plines are increasingly important as the need for STEM professionals is growing exponentially
(OECD, 2008; Vennix et al., 2018). It has been shown that informal activities can positively influ-
ence students regarding their attitude towards STEM subjects and willingness to pursue a STEM-
related career (Bell et al., 2009; Miller et al., 2018). For instance, students who attended STEM
camps show an increased interest in the STEM disciplines and are more likely to pursue a
STEM-related career compared to students who did not (Binns et al., 2016; Kong et al., 2014).
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Similar findings have been found regarding students who attended science programmes, camps, or
competitions (Dabney et al., 2012; Miller et al., 2018). Furthermore, adult scientists reflected that
their participation in science fairs had positively influenced their career paths.

Still, several countries report a concerning decrease in students’ interest in STEM disciplines and
thus in embracing science-related careers (Martins Gomes & McCauley, 2021; Regan & DeWitt,
2015; Stocklmayer et al., 2010). Students shape their interest in disciplines such as mathematics
and science long before they join college or university (Sadler et al., 2012). Furthermore, a vast
majority of students chose a major in STEM disciplines mainly due to their interests over personal
achievements (Maltese et al., 2014). A decline in interest for STEM disciplines is often related to
parental attitudes towards science (Staus et al., 2020). It is thus pivotal to understand the key
elements, such as school curriculum, family, and teachers’ influence, and out of school activities
that promote students’ engagement with STEM disciplines, and their relation to a broader partici-
pation in STEM careers (Christensen et al., 2015; reviewed in Peterman et al., 2020; Tillinghast et al.,
2020).

Science festivals offer an example of non-formal science communication events, attracting a wide
range of publics, with different ethnicity, educational levels, and interests (Wharton & Rutherford,
2011). Science festivals offer a unique opportunity for the attendees to engage with scientists and
experience STEM disciplines’ application in the real world (Bultitude et al., 2011). Science festivals
have been also shown to enhance parents’ positive attitudes towards STEM disciplines and STEM
careers (Canovan, 2019a). They are usually a one-day event, although their length can vary signifi-
cantly from a day to a month (Wiehe, 2014). Due to these valuable aspects, science festivals have
recently grown in popularity and attendance, where most of the public consists of new visitors
each year (Nielsen et al., 2019).

Measuring the impact and success of science festivals is key for practitioners. Since the main aim
of science festivals is to attract a wide range of the public and let them engage in diverse activities,
their impact and success are usually estimated based on number of participants, breadth of the audi-
ence reached, and attendee satisfaction (Canovan, 2020; Jeske et al., 2021). Kersting et al. (2021) also
explored in depth the participant engagement of virtual reality experiences at a science festival. The
engagement in activities comprises not only observable behaviours but also internal cognition and
emotions. For example, Van Beynen and Burress (2018) considered several indicators of child
engagement in a free-choice learning environment, such as the ability to interact with peers and
adults during their engagement. Canovan (2019b) investigated the affective (i.e., excitement, inspi-
ration) and cognitive (i.e., factual) learning in pupils, teachers, and festival organisers. Grimberg
et al. (2019) assessed the knowledge gain and the emotional reactions towards a STEAM (i.e.,
STEM + Arts) event. Previous experience and former engagement are also important when asses-
sing the engagement with exhibits (Shaby et al., 2019). Finally, inclusivity, accessibility, and the
reach of a large audience should be considered when evaluating the impact and success of science
festivals (Idema & Patrick, 2019; Kennedy et al., 2018).

The main engagement methods that can be found in science festivals are scientific lectures,
hands-on activities, exhibits, debates and dialogues, science shows and demonstrations (Bultitude
et al., 2011). With the spread of online teaching, other engagement methods have emerged. Exhibits
are now more frequently presented in the form of virtual tours (Bennett & Saunders, 2019), and
debates are often presented as podcasts (Trujillo Torres, 2011). Also, games and apps are considered
as a good way to engage students with educational topics (Morris et al., 2019).

The advent of the COVID-19 pandemic unexpectedly forced educational institutions to find
rapid solutions to ensure continuity in learning, mostly by switching from face-to-face to remote
education (Bozkurt & Sharma, 2020; Hodges et al., 2020). As with formal education, non-formal
and informal education face the same challenges. Recent studies explored the impact of the pan-
demic on different aspects of education, e.g. on vulnerable learners (Drane et al., 2021) on adoles-
cent mental health (Nearchou et al., 2020), and on school closure and management practices (Viner
et al., 2020). Due to the aforementioned positive impact that non-formal learning provides to
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students, there is an urgent need to maintain STEM outreach available to students and keep a high
level of engagement and to understand the impact moving to remote learning has on such events.

‘Oxford Brookes Science Bazaar’ is a science festival that has been running annually as a one-day
event since 2008 at Oxford Brookes University in Oxford, UK. Due to COVID-19 and the conse-
quent National lockdown, the Science Bazaar moved completely online in 2021. In this study, we
investigate the changes that have been made to adapt this normally face-to-face event to a virtual
format for the first time. Our research questions were: (1) which engagement methods at the science
festival worked better in an online format than in the traditional format? (2) which activities were
less or more engaging in the online format compared to the physical editions of the Science Bazaar?
We define engagement as the number of unique views, duration of the visit, and possibility to reach
a larger audience. We evaluate the effectiveness of the first online edition held in 2021 in compari-
son with the previous physical editions. In particular, we evaluate the possibility to replicate face-to-
face activities by providing several types of online resources and we investigate which resources
were preferred by the audience.

Methods

Context

The ‘Science Bazaar’ is a science festival that has been running at Oxford Brookes University since
2008. The festival offers STEM-related activities divided into five main zones: Discovery, Mind Your
Brain, Tech, Happy and Healthy, and Life Factory. In the recent years, we also offered activities
from Arts and Humanities, thus the Science Bazaar became a STEAM festival (Tillinghast et al.,
2020). The zones changed between years, with some zones growing in representation, and other
new zones adopted. Each zone is related to a different scientific area, with activities varying from
hands-on, demonstration, lectures, debates, and games. The target audience is children aged five
to twelve years, with some additional activities and information available for their responsible
adults. Each activity is led by a team of researchers and volunteer students. Some of the activities
are also externally led due to collaborations with other organisations (e.g. local hospitals, Oxford
University, and other local companies). In 2021, the Science Bazaar moved completely online,
and the new format was entitled ‘Beyond the Science Bazaar’, with more activity types implemented
(virtual tours, podcasts, online games) (Table 1).

Data collection

The pre-recorded videos and live events for the online Science Bazaar were uploaded onto the
Brookes Panopto platform, which allowed for automated statistics on the number of unique viewers
per pre-recorded video or live event. We monitored the access to online resources and compared
the number of interactions with online resources the day after the event and two months later. The
activities and resources for the online Science Bazaar are open access and can be found at the fol-
lowing link: https://www.brookes.ac.uk/science-bazaar

For the physical events, feedback forms were collected systematically since 2018. The feedback
forms include the following questions: (1) How many people are in your group? How many chil-
dren and of what age? (2) Have you visited the Science Bazaar before? (3) From where did you travel
today? (4) How did you hear about the Science Bazaar? (5) How long did you stay today? (6) What
was your favourite activity? We additionally asked for suggestions and rating of specific parts of the
Science Bazaar (activities, signage, refreshments, restrooms). The feedback forms for the online
Science Bazaar were similar, with modifications relative to the online adaptation (e.g. how many
people logged on from your home today?). The country from which visitors joined the event
was also obtained.
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Data analysis

We categorised the online videos and live events as hands-on (n = 7), demonstrations (n = 13), vir-
tual tours (n = 3), lectures (n = 24), podcasts (n = 4), and games. Some activities were presented in
different types and with different videos. For games, we do not have information on the number of
unique viewers who accessed them as they were hosted by external providers. We only have infor-
mation on the game introduction videos that were uploaded on Panopto (n = 4). We used gener-
alised linear mixed models with a number of unique viewers as dependent variable fit to a
Poisson distribution for count data and activity type as fixed factor. We used the group that devel-
oped the activity as a random effect in the model to control for the fact that some activities were
done by the same research group and on similar topics. We used the function ‘glmer’ in the package
‘lme4’ for R v 4.0.4.

Results

Online Science Bazaar 2021

The number of unique viewers depended on the type of resources online (Figure 1; random effect:
variance = 0.71, SD = 0.84). Demonstration activities had more unique viewers than lecture-like
activities, hands-on activities and virtual tours had the highest number of unique viewers, statisti-
cally higher than lecture-like activities, game introductions, and podcasts (Table 2). From Figure 1,
it is evident that there were some outliers with a much larger number of views than the rest of the
activities. These were Bright Sparks Science (229 unique viewers) for demonstrations, Racing Cars
(94 unique viewers) for lecture-like activities and Jungle Explorers (118 unique viewers) for the vir-
tual tours. We do not have data from the external links connected to the game introductions videos,
although the Wildlife Friendly coffee game has been played more than 100 times, but the number of

Table 1. Main activities in the online Science Bazaar 2021 and how they were adapted from physical to live Science Bazaar.

Activity name Description Activity type Adaptation

Electric racing cars One live event describing the history of
electric cars.

Lecture Moved from a virtual reality use of a racing
car to a lecture by a young charismatic
speaker.

Rocket cars Demonstration of how to build own rocket
car from straws, cardboard wheels and a
balloon

Hands-on Packs sent to schools and homes rather
than face to face. It was also accessible
to those who did not receive the packs
as alternative materials were suggested.

Crocodiles of the
World Ltd

Talks on the behaviour and ecology of
crocodiles with live animals. Virtual tour
of crocodiles of the world with a focus on
conservation.

Virtual tour Video of the presenter in the zoo rather
than live interaction with animals.

Jungle explorer Scientist reveals the lives of Borneo’s
animals through camera traps.

Virtual tour Moved from presenter at a table to online
showing of films with integrated
questions.

Augmented reality
(AR)

Looking through an AR vision tool to learn
about AR.

Lecture Moved from hands-on to a pure lecture.

Bright Sparks
Science CIC

Interactive science show with experiments
that can be performed at home

Hands-on Hands-on kitchen science that can be
done at home alongside presenter.

Physiotherapy Learning the parts of the body and how
physiotherapists can help with health.

Lecture Moved from hands-on to a pure lecture.

Chinese handicraft Video with instructions on how to make
origami animals.

Hands-on Video instruction rather than face-to-face
instruction; children needed own
supplies.

Merlin the
Electron
Microscope!

Demonstration on how an electron
microscope work, and creation of 3D
models of cells.

Demonstration Demonstration only rather than
demonstration and hands-on (children
were able to look into the microscope).

Wildlife friendly
coffee

The story of coffee production and how it
helps wildlife.

Game Video game rather than live interaction
with scientist explaining about coffee
production.
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unique viewers is unavailable. The online activities were watched after the Science Bazaar, with an
average of 4.9 ± SD 9.8 unique views (range = 0.0–55.0). The Chinese handcrafts were the most
watched activity after the end of the Science Bazaar and the only one that was watched more
than ten times.

Comparison with physical events

In the online Science Bazaar, we presented 38 activities, 28 of which were pre-recorded and 10 live.
The number of activities presented was higher than the activities in physical events until 2019 and
was similar to the 2020 physical event. The estimated number of participants was lower in the
online event than in the physical events (Table 3). The proportion of people who filled the feedback
form was also considerably reduced in the online event. From the feedback forms, we found that the
duration of the visit and the number of people in the group (or who accessed the computer) were

Figure 1. Box plots embedded in violin plots showing the predicted number of unique viewers per resource used, divided by
resource type, in the online Science Bazaar 2021. Predictions are based on a generalised linear mixed model.

Table 2. Pairwise comparisons following a generalised linear mixed model to estimate the
influence of the activity type on the number of unique viewers who accessed the resources
used in the online Science Bazaar 2021.

Pairwise comparison Ratio
Mean 95%CI

Demonstration/game introduction 1.36 0.88–2.11
Demonstration/ hands-on 0.88 0.68–1.13
Demonstration/lecture 1.33 1.04–1.70*
Demonstration/podcast 1.49 0.84–2.66
Demonstration/virtual tour 0.77 0.48–1.22
Game introduction/hands-on 0.65 0.44–0.96*
Game introduction/lecture 0.98 0.67–1.41
Game introduction/podcast 1.10 0.66–1.84
Game introduction/virtual tour 0.57 0.31–0.98*
Hands-on/lecture 1.51 1.30–1.76**
Hands-on/podcast 1.70 1.02–2.94*
Hands-on/virtual tour 0.87 0.54–1.41
Lecture/podcast 1.13 0.67–1.90
Lecture/virtual tour 0.58 0.36–0.92*
Podcast/virtual tour 0.51 0.25–0.97*

*p < 0.05 based on Bonferroni-Holm pairwise comparisons.
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significantly lower in the online Science Bazaar than in the physical Science Bazaars (Table 3). The
Science Bazaar had a good turnover (∼50–60% of new people each year) both for physical events
and the online event. The audience for physical events was almost exclusively related to schools
in Oxfordshire and Buckinghamshire, while online videos were also accessed from other countries
(Bulgaria, Japan, South Africa, USA, Zimbabwe).

Discussion

In this study, we aimed to understand which were the most engaging activities in an online format
of the Oxford Brookes Science Bazaar compared with the face-to-face one. Overall, the most enga-
ging activities in the online science festival were the hands-on activities, demonstrations, and virtual
tours. Hands-on activities have been considered the most engaging ones also by attendees of face-
to-face science festivals (Chen, 2014; Jensen, 2012). A personal interest often sparks from the inter-
action with the environment; with hands-on activities, students do practical work and this might
lead to perceive the content as more engaging and more realistic (Franklin & Peat, 2005; Holster-
mann et al., 2010). This was particularly evident from the Chinese handcrafts video that was one of
the most viewed activities and the one that was watched more after the end of the Science Bazaar.
We must note that visitor engagement is also dependent on the content of the activity, and this is
evident from the outliers for each activity format. Electric Racing Cars, for example, was a very suc-
cessful activity during physical events where children could experience a virtual reality tour simu-
lating the use of a racing car; it was also successful during the virtual event as a lecture on the history
of racing cars. Similarly, Jungle Explorers was also successful at the physical events and had signifi-
cantly higher views than the other virtual tours. Bright Sparks was the most successful activity and
one of the most successful activities at the physical events. The activity is organised by Bright Sparks
Science, a Community Interest Company based in Oxfordshire that is specialised in the develop-
ment of fun and entertaining activities for children of different ages. Thus, other factors such as
activity content and previous positive experience with the activity during physical events have
influenced the success of these activities also in the virtual event.

We offered two options for feedback: one specifically for Rocket Cars, and another for the festival
in general. For the latter, participants could enter a prize draw after they completed feedback.
Rocket Cars has been a very popular hands-on activity in the face-to-face Science Bazaar. As a
recorded hands-on activity, it retained the above-average unique viewers. We sent, prior to the
event, a thousand kits to replicate the face-to-face activity to schools, but only around 20% of
the schools shared back the activity-specific feedback form. Furthermore, despite the potential to
win prizes, we received a significantly lower number of completed feedback forms both related
to the Rocket Cars activity and to the online Science Bazaar in general. This might be due to the
absence of the researcher when filling in the form, as research presence can have a positive impact
on the quality of the responses (Webster, 1997). From the feedback of the Rocket Cars, it was evi-
dent that some schools had difficulties in assembling the Rocket Cars, thus having the presence of
researcher is beneficial as teachers might not have the knowledge to help students for complex tasks.

Table 3. Comparison between physical and online Science Bazaars.

Physical Online
2018 2019 2020 2021

N activities 23 20 36 28 recorded + 12 live
Estimated N participants 2000–2200 1200–1500 1200–1500 700–1000
Participants who filled the feedback form (%) 16.4–18.0 15.2–19.0 15.0–18.8 3.3–4.7
New participants (%)a 76.4 58.2 38.7 52.4
Holding time (mean ± SD in h)a 2.9 ± 1.2 3.1 ± 1.4 2.8 ± 1.1 2.2 ± 1.4*
N people in the groupa 4.0 ± 1.7 3.8 ± 1.5 3.7 ± 1.3 2.4 ± 0.9*
aData based on feedback forms.
*p < 0.05 based on Mann–Whitney test between online and physical events.
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Boyette and Ramsey (2019) found that attendees who interacted with scientists in science festival
had a positive impact in the evaluation of the event compared to thosewho did not interact with scien-
tists. Furthermore, the interaction with scientists allows the general audience to depict scientists more
accurately (Woods-Townsend et al., 2016). It has also been shown that attendees after interacting with
scientists increased their awareness regarding STEM-related careers (Boyette & Ramsey, 2019). These
aspects can have positive implications in a more realistic perception of the role of scientists and thus
leading students to increase their willingness to pursue STEMcareers. Jungle Explorers was an activity
that a biologist researcher delivered in both the face-to-face and the online formats. The activity
method, however, changed consistently when moved online. In fact, in the face-to-face format the
activity was delivered as a lecture while in the online format, it became a virtual tour. The researcher
also experienced numerous questions during and after the virtual tour, and due to time constraints
managed to reply to only a small number of them. The virtual tour was delivered using Zoomwebinar,
meaning that the participants were not visible. This could also have positively influenced the students
to ask questions to the scientistwithout feeling thepressure thatmayhappen instead in the face-to-face
format. The opposite outcome resulted with the Augmented Reality activity, it was delivered as a
hands-on activity in the face-to-face format and changed to a lecture activity in the online format.
The activity was very popular in the face-to-face format and was consistently less engaging in the
online format. Students, during these unusual times, might have perceived the online lecture as some-
thing less engaging and similar to their daily activity with remote learning.

The online Science Bazaar allowed researchers to interact with the public audience and to keep
this valuable annual informal activity available during a time when otherwise it would not have been
possible to deliver. The online festival had a relatively lower number of participants when compared
to the face-to-face ones. By looking at the country from where participants logged in, however, the
online festival included participants from overseas. Online festivals can lead to a broader audience,
even if it is pivotal to consider the constraints related to the Internet accessibility and technological
equipment from families (Morgan, 2020). Participants stated that the main drivers to participate in
science festivals, despite acquiring new knowledge, are the different engagement formats and the
different levels of social interactions with scientific researchers (Jensen & Buckley, 2014). By moving
scientific festivals online, it is thus pivotal to maintain this unique combination offering a large
range of formats and allowing social interaction between a scientist and the public and within
the public itself. Baber (2020) found that the lack of social interaction is one the weak points in
online learning and may undermine its effectiveness. The use of Zoom platform by the creation
of break out rooms might overcome this issue (Baber, 2020). The use of podcasts might also attract
a different type of audience that is composed of teenagers (Evans, 2008). Teenagers might also be
encouraged to engage in online events and not in physical events considering the anonymity and
the lower social pressure. Also, as noticed in the Electric Racing Car activity, teenagers might
find appealing the activities led by undergraduates as they may be more relatable. Thus, the Science
Bazaar should better target these new audiences that can emerge using virtual platforms. Keeping
these resources online can increase the reach to different publics, since the festival itself normally
targets primary and secondary schools. This aspect resulted in a lower number of views for activities
targeting teenagers such as podcasts.

Conclusions

The benefits to physical science engagement events are well established and so, when it is safe to do
so, it is important that a return to this format is prioritised. That being said, there are a number of
clear benefits to virtual events, such as, travel time, increased public reach and convenience of pre-
recorded content, mean that virtual events are rapidly becoming the ‘new’ normal forum for meet-
ings and conferences (Roos et al., 2020). In the future, STEM institutions should consider creating
hybrid events, with both virtual and in-person content, to reach a larger audience (e.g. physical
Science Bazaars usually target children aged five to twelve years, but some online formats can
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reach teenagers as well). Virtual events are still limiting as they are not fully inclusive considering
that audience must have access to a PC/Internet to be able to engage. As the Science Bazaar is ulti-
mately a community-focused event, a solely virtual event would not fit with our principles. In this
paper, we provided useful suggestions to practitioners who wish to adapt their science festival
activities to a virtual or hybrid format. We highlighted the importance of considering the activity
type and content to increase the engagement of online science festivals. Hands-on activities, dem-
onstrations and virtual tours were the preferred activity types, and activities that were popular
during physical events had also more engagement during the virtual event. Virtual events also
offer the opportunity to reach a different audience that is usually not engaged during physical
events. Virtual events also offer the opportunity to access activities after the end of the event,
and this can be beneficial both to students and practitioners that can access a variety of activities
as they need. Further long-term studies should be conducted to evaluate which teaching methods
are more effective when moved online, contributing to the highest level in keeping students motiv-
ated and willing to pursue a STEM career. We are confident that online events may add additional
value to this powerful informal learning methods characteristic of science festivals.

Acknowledgments

We thank the volunteers and staff members that helped organising and participating in the Science Bazaars, with
particular thanks to Prof Linda King and Dr Anne Osterrieder.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Data availability statement

The data that support the findings of this study are available from the corresponding author, KAIN, upon reasonable
request.

ORCID

Michela Balestri http://orcid.org/0000-0002-0681-9872
Marco Campera http://orcid.org/0000-0003-2643-8329
Ellie Beaman http://orcid.org/0000-0003-0936-3038
Ryan Pink http://orcid.org/0000-0001-7501-558X
K. A. I. Nekaris http://orcid.org/0000-0001-5523-7353

References

Baber, H. (2020). Determinants of students’ perceived learning outcome and satisfaction in online learning during
the pandemic of COVID-19. Journal of Education and e-Learning Research, 7(3), 285–292. https://doi.org/10.
20448/journal.509.2020.73.285.292

Bell, P., Lewenstein, B., Shouse, A. W., & Feder, M. A. (2009). Learning science in informal environments: People,
places, and pursuits. The National Academies Press.

Bennett, J. A., & Saunders, C. P. (2019). A virtual tour of the cell: Impact of virtual reality on student learning and
engagement in the STEM classroom. Journal of Microbiology & Biology Education, 20(2), 20. https://doi.org/10.
1128/jmbe.v20i2.1658

Binns, I. C., Polly, D., Conrad, J., & Algozzine, B. (2016). Student perceptions of a summer ventures in science and
mathematics camp experience. School Science and Mathematics, 116(8), 420–429. https://doi.org/10.1111/ssm.
12196

Boyette, T., & Ramsey, J. R. (2019). Does the messenger matter? Studying the impacts of scientists and engineers
interacting with public audiences at science festival events. Journal of Science Communication, 18(2), A02.
https://doi.org/10.22323/2.18020202

8 M. BALESTRI ET AL.

http://orcid.org/0000-0002-0681-9872
http://orcid.org/0000-0003-2643-8329
http://orcid.org/0000-0003-0936-3038
http://orcid.org/0000-0001-7501-558X
http://orcid.org/0000-0001-5523-7353
https://doi.org/10.20448/journal.509.2020.73.285.292
https://doi.org/10.20448/journal.509.2020.73.285.292
https://doi.org/10.1128/jmbe.v20i2.1658
https://doi.org/10.1128/jmbe.v20i2.1658
https://doi.org/10.1111/ssm.12196
https://doi.org/10.1111/ssm.12196
https://doi.org/10.22323/2.18020202


Bozkurt, A., & Sharma, R. C. (2020). Emergency remote teaching in a time of global crisis due to corona virus pan-
demic. Asian Journal of Distance Education, 15(1), 1–6. https://doi.org/10.5281/zenodo.3778083

Bultitude, K., McDonald, D., & Custead, S. (2011). The rise and rise of science festivals: An international review of
organised events to celebrate science. International Journal of Science Education, Part B, 1(2), 165–188. https://doi.
org/10.1080/21548455.2011.588851

Canovan, C. (2019a). Going to these events truly opens your eyes. Perceptions of science and science careers follow-
ing a family visit to a science festival. Journal of Science Communication, 18(2), A06. https://doi.org/10.22323/2.
18020201

Canovan, C. (2019b). More than a grand day out? Learning on school trips to science festivals from the perspectives
of teachers, pupils and organisers. International Journal of Science Education, Part B, 10(1), 1–16. https://doi.org/
10.1080/21548455.2019.1680904

Canovan, C. (2020). Sharing the pi: Are incentives an effective method of attracting a more diverse science festival
audience? International Journal of Science Education, Part B, 10(2), 217–231. https://doi.org/10.1080/21548455.
2020.1753126

Chen, G. (2014). National Science festival of Thailand: Historical roots, current activities and future plans of the
national science fair. Journal of Science Communication, 13(4), 1–11. https://doi.org/10.22323/2.13040304

Christensen, R., Knezek, G., & Tyler-Wood, T. (2015). Alignment of hands-on STEM engagement activities with
positive STEM dispositions in secondary school students. Journal of Science Education and Technology, 24(6),
898–909. https://doi.org/10.1007/s10956-015-9572-6

Dabney, K. P., Tai, R. H., Almarode, J. T., Miller-Friedmann, J. L., Sonnert, G., Sadler, P. M., & Hazari, Z. (2012).
Out-of-school time science activities and their association with career interest in STEM. International Journal
of Science Education, Part B, 2(1), 63–79. https://doi.org/10.1080/21548455.2011.629455

Drane, C. F., Vernon, L., & O’Shea, S. (2021). Vulnerable learners in the age of COVID-19: A scoping review.
Australian Educational Researcher, 48, 585–604. https://doi.org/10.1007/s13384-020-00409-5

Evans, C. (2008). The effectiveness of m-learning in the form of podcast revision lectures in higher education.
Computers & Education, 50(2), 491–498. https://doi.org/10.1016/j.compedu.2007.09.016

Fan, W., & Williams, C. M. (2010). The effects of parental involvement on students’ academic self-efficacy, engage-
ment and intrinsic motivation. Educational Psychology, 30(1), 53–74. https://doi.org/10.1080/01443410903353302

Franklin, S., & Peat, M. (2005). Virtual versus real: An argument for maintaining diversity in the learning environ-
ment. International Journal of Continuing Engineering Education and Life Long Learning, 15(1–2), 67–78. https://
doi.org/10.1504/IJCEELL.2005.006793

Grimberg, B. I., Williamson, K., & Key, J. S. (2019). Facilitating scientific engagement through a science-art festival.
International Journal of Science Education, Part B, 9(2), 114–127. https://doi.org/10.1080/21548455.2019.1571648

Hodges, C., Moore, S., Lockee, B., Trust, T., & Bond, A. (2020). The difference between emergency remote teaching
and online learning. EDUCAUSE Review. http://hdl.handle.net/10919/104648

Holstermann, N., Grube, D., & Bögeholz, S. (2010). Hands-on activities and their influence on students’ interest.
Research in Science Education, 40(5), 743–757. https://doi.org/10.1007/s11165-009-9142-0

Idema, J., & Patrick, P. G. (2019). Experiential learning theory: Identifying the impact of an ocean Science festival on
family members and defining characteristics of successful activities. International Journal of Science Education,
Part B, 9(3), 214–232. https://doi.org/10.1080/21548455.2019.1614238

Jensen, E. (2012). External evaluation report: Science in Norwich Day. University of Warwick.
Jensen, E., & Buckley, N. (2014). Why people attend science festivals: Interests, motivations and self-reported benefits

of public engagement with research’. Public Understanding of Science, 23(5), 557–573. https://doi.org/10.1177/
0963662512458624

Jeske, S., Kaelin, J. C., & Nielsen, K. (2021). Celebrating STEM virtually: The Bay area Science festival during the
COVID-19 pandemic. Journal of STEM Research, 4(3), 1–11. https://doi.org/10.15695/jstem/v4i3.04

Kennedy, E. B., Jensen, E. A., & Verbeke, M. (2018). Preaching to the scientifically converted: Evaluating inclusivity in
science festival audiences. International Journal of Science Education, Part B, 8(1), 14–21. https://doi.org/10.1080/
21548455.2017.1371356

Kersting, M., Steier, R., & Venville, G. (2021). Exploring participant engagement during an astrophysics virtual reality
experience at a science festival. International Journal of Science Education, Part B, 11(1), 17–34. https://doi.org/10.
1080/21548455.2020.1857458

Kong, X., Dabney, K. P., & Tai, R. H. (2014). The association between science summer camps and career interest in
science and engineering. International Journal of Science Education, Part B, 4(1), 54–65. https://doi.org/10.1080/
21548455.2012.760856

Maltese, A. V., Melki, C. S., & Wiebke, H. L. (2014). The nature of experiences responsible for the generation and
maintenance of interest in STEM. Science Education, 98(6), 937–962. https://doi.org/10.1002/sce.21132

Martins Gomes, D., & McCauley, V. (2021). Creativity in science: A dilemma for informal and formal education.
Science Education, 105(3), 498–520. https://doi.org/10.1002/sce.21614

INTERNATIONAL JOURNAL OF SCIENCE EDUCATION, PART B 9

https://doi.org/10.5281/zenodo.3778083
https://doi.org/10.1080/21548455.2011.588851
https://doi.org/10.1080/21548455.2011.588851
https://doi.org/10.22323/2.18020201
https://doi.org/10.22323/2.18020201
https://doi.org/10.1080/21548455.2019.1680904
https://doi.org/10.1080/21548455.2019.1680904
https://doi.org/10.1080/21548455.2020.1753126
https://doi.org/10.1080/21548455.2020.1753126
https://doi.org/10.22323/2.13040304
https://doi.org/10.1007/s10956-015-9572-6
https://doi.org/10.1080/21548455.2011.629455
https://doi.org/10.1007/s13384-020-00409-5
https://doi.org/10.1016/j.compedu.2007.09.016
https://doi.org/10.1080/01443410903353302
https://doi.org/10.1504/IJCEELL.2005.006793
https://doi.org/10.1504/IJCEELL.2005.006793
https://doi.org/10.1080/21548455.2019.1571648
http://hdl.handle.net/10919/104648
https://doi.org/10.1007/s11165-009-9142-0
https://doi.org/10.1080/21548455.2019.1614238
https://doi.org/10.1177/0963662512458624
https://doi.org/10.1177/0963662512458624
https://doi.org/10.15695/jstem/v4i3.04
https://doi.org/10.1080/21548455.2017.1371356
https://doi.org/10.1080/21548455.2017.1371356
https://doi.org/10.1080/21548455.2020.1857458
https://doi.org/10.1080/21548455.2020.1857458
https://doi.org/10.1080/21548455.2012.760856
https://doi.org/10.1080/21548455.2012.760856
https://doi.org/10.1002/sce.21132
https://doi.org/10.1002/sce.21614


Miller, K., Sonnert, G., & Sadler, P. (2018). The influence of students’ participation in STEM competitions on their
interest in STEM careers. International Journal of Science Education, Part B, 8(2), 95–114. https://doi.org/10.1080/
21548455.2017.1397298

Morgan, H. (2020). Best practices for implementing remote learning during a pandemic. The Clearing House: A
Journal of Educational Strategies, Issues and Ideas, 93(3), 135–141. https://doi.org/10.1080/00098655.2020.1751480

Morris, B. J., Owens, W., Ellenbogen, K., Erduran, S., & Dunlosky, J. (2019). Measuring informal STEM learning sup-
ports across contexts and time. International Journal of STEM Education, 6(1), 40. https://doi.org/10.1186/s40594-
019-0195-y

Nearchou, F., Flinn, C., Niland, R., Subramaniam, S. S., & Hennessy, E. (2020). Exploring the impact of COVID-19
on mental health outcomes in children and adolescents: A systematic review. International Journal of
Environmental Research & Public Health, 17(22), 1–19. https://doi.org/10.3390/ijerph17228479

Nielsen, K., Gathings, M. J., & Peterman, K. (2019). New, not different: Data-driven perspectives on science festival
audiences. Science Communication, 41(2), 254–2684. https://doi.org/10.1177/1075547019832312

OECD. (2008). Encouraging student interest in science and technology studies (policy report). OECD Global Science
Forum.

Peterman, K., Verbeke, M., & Nielsen, K. (2020). Looking back to think ahead: Reflections on science festival evalu-
ation and research. Visitor Studies, 23(2), 205–2017. https://doi.org/10.1080/10645578.2020.1773709

Regan, E., & DeWitt, J. (2015). Attitudes, interest and factors influencing STEM enrolment behaviour: An overview of
relevant literature. In E. K. Henriksen, J. Dillon, & J. Ryder (Eds.), Understanding student participation and choice
in science and technology education (pp. 63–88). Springer.

Roos, G., Oláh, J., Ingle, R., Kobayashi, R., & Feldt, M. (2020). Online conferences – towards a new (virtual) reality.
Computational and Theoretical Chemistry, 1189, 112975. https://doi.org/10.1016/j.comptc.2020.112975

Sadler, P. M., Sonnert, G., Hazari, Z., & Tai, R. (2012). Stability and volatility of STEM career interest in high school:
A gender study. Science Education, 96(3), 411–427. https://doi.org/10.1002/sce.21007

Shaby, N., Assaraf, O. B.-Z., & Tal, T. (2019). ‘I know how it works!’ Student engagement with exhibits in a science
museum. International Journal of Science Education, Part B, 9(3), 233–252. https://doi.org/10.1080/21548455.
2019.1624991

Staus, N. L., Falk, J. H., Penuel, W., Dierking, L., Wyld, J., & Bailey, D. (2020). Interested, disinterested, or neutral:
Exploring STEM interest profiles and pathways in a low-income urban community. Eurasia Journal of
Mathematics, Science and Technology Education, 16(6), 1853. https://doi.org/10.29333/ejmste/7927

Stocklmayer, S. M., Rennie, L., & Gilbert, J. (2010). The roles of the formal and informal sectors in the provision of
effective science education. Studies in Science Education, 46(1), 1–44. https://doi.org/10.1080/03057260903562284

Tillinghast, R. C., Appel, D. C., Winsor, C., & Mansouri, M. (2020). STEM outreach: A literature review and
definition. IEEE Integrated STEM Education Conference (ISEC), Princeton, NJ (pp. 1‒20). IEEE. https://doi.
org/10.1109/ISEC49744.2020.9280745

Tisza, G., Papavlasopoulou, S., Christidou, D., Livari, N., Kinnula, M., & Voulgari, I. (2020). Patterns in informal and
non-formal science learning activities for children – a Europe-wide survey study. International Journal of Child-
Computer Interaction, 25, 100184. https://doi.org/10.1016/j.ijcci.2020.100184

Trujillo Torres, J. M. (2011). The use of podcasts in higher education: Communication, innovation, education and
knowledge management. International Journal of Educational Technology in Higher Education, 8, 225–240. https://
doi.org/10.7238/rusc.v8i2.1047

Van Beynen, K., & Burress, T. (2018). Debris, diatoms, and dolphins: Tracking child engagement at a public science
festival. International Journal of Science Education, Part B, 8(4), 355–365. https://doi.org/10.1080/21548455.2018.
1506189

Vennix, J., den Brok, P., & Taconis, R. (2018). Do outreach activities in secondary STEM education motivate students
and improve their attitudes towards STEM? International Journal of Science Education, 40(11), 1263–1283. https://
doi.org/10.1080/09500693.2018.1473659

Viner, R. M., Russell, S. J., Croker, H., Packer, J., Ward, J., Stansfield, C., Mytton, O., Bonell, C., & Booy, R. (2020).
School closure and management practices during coronavirus outbreaks including COVID-19: A rapid systematic
review. The Lancet Child & Adolescent Health, 4(5), 397–404. https://doi.org/10.1016/S2352-4642(20)30095-X

Webster, C. (1997). Effects of researcher presence and appeal on response quality in hand-delivered, self-adminis-
tered surveys. Journal of Business Research, 38(2), 105–114. https://doi.org/10.1016/S0148-2963(96)00028-8

Wharton, J., & Rutherford, E. H. (2011). Connecting ocean science and communities through public science events.
The Journal of Marine Education, 27(2011), 11–15.

Wiehe, B. (2014). When science makes us who we are: Known and speculative impacts of science festivals. Journal of
Science Communication, 13(4), 1–7. https://doi.org/10.22323/2.13040302

Woods-Townsend, K., Christodoulou, A., Rietdijk, W., Byrne, J., Griffiths, J. B., & Grace, M. M. (2016). Meet the
scientist: The value of short interactions between scientists and students. International Journal of Science
Education, Part B, 6(1), 89–113. https://doi.org/10.1080/21548455.2015.1016134

10 M. BALESTRI ET AL.

https://doi.org/10.1080/21548455.2017.1397298
https://doi.org/10.1080/21548455.2017.1397298
https://doi.org/10.1080/00098655.2020.1751480
https://doi.org/10.1186/s40594-019-0195-y
https://doi.org/10.1186/s40594-019-0195-y
https://doi.org/10.3390/ijerph17228479
https://doi.org/10.1177/1075547019832312
https://doi.org/10.1080/10645578.2020.1773709
https://doi.org/10.1016/j.comptc.2020.112975
https://doi.org/10.1002/sce.21007
https://doi.org/10.1080/21548455.2019.1624991
https://doi.org/10.1080/21548455.2019.1624991
https://doi.org/10.29333/ejmste/7927
https://doi.org/10.1080/03057260903562284
https://doi.org/10.1109/ISEC49744.2020.9280745
https://doi.org/10.1109/ISEC49744.2020.9280745
https://doi.org/10.1016/j.ijcci.2020.100184
https://doi.org/10.7238/rusc.v8i2.1047
https://doi.org/10.7238/rusc.v8i2.1047
https://doi.org/10.1080/21548455.2018.1506189
https://doi.org/10.1080/21548455.2018.1506189
https://doi.org/10.1080/09500693.2018.1473659
https://doi.org/10.1080/09500693.2018.1473659
https://doi.org/10.1016/S2352-4642(20)30095-X
https://doi.org/10.1016/S0148-2963(96)00028-8
https://doi.org/10.22323/2.13040302
https://doi.org/10.1080/21548455.2015.1016134

	Abstract
	Introduction
	Methods
	Context
	Data collection
	Data analysis

	Results
	Online Science Bazaar 2021
	Comparison with physical events

	Discussion
	Conclusions
	Acknowledgments
	Disclosure statement
	Data availability statement
	ORCID
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


