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Societies across the world face the need to increase the number of science, technology, engineering,
and mathematics (STEM) personnel who could resolve issues concerning sustainability. The body
of scholarly literature on STEM education has grown significantly since the beginning of the
21st century. STEAM education incorporates arts with STEM subjects. This pedagogical strategy is
increasingly adopted in formal/informal education settings to foster scientific thinking and
creativity through multisensory artistic activities. Science museums and centers house discrete
items such as multi-touch tabletops that allow visitors to handle objects and engage in experiential
activities. This study postulates that science university museums can contribute to STEAM
education. It illustrates the effectiveness of object-based learning (OBL) in STEAM education
imparted through original artwork housed in science university museums. This study’s application
of OBL at university museums establishes OBL within cross-disciplinarySTEAM-based educational
systems in Japan through the wuse of original artwork such as sericulture ukiyo-e.
Students majoring in agriculture or technology participated in the workshop designed for this
study, directly engaged with discrete multisensory sericulture ukiyo-e, and were encouraged to
think from diverse perspectives. Finally, the studentsdebated the sericulture ukiyo-e and organized
an exhibition. This study concludes that the academic value of STEAM education is enhanced
through the technique of fostering problem-solving in students using interactions with and active
discussions about artwork collections and objects.
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INTRODUCTION

Societies across the world face the need to
increase the number of science, technology,
engineering, and mathematics (STEM) personnel to
problem-solve sustainability-related issues on a
global scale (National Research Council, 2012).
Certainly, the body of scholarly literature pertaining
to STEM education has grown significantly since the
beginning of the 21st century. The notion of STEM
education has historically been widely influenced by
the national policies of the United States (Breiner et
al, 2012; Shanahan et al., 2016). The acronym STEM
integrates individual disciplines with the aim of using

them in conjunction to resolve real-world difficulties
(Sanders, 2009). STEM curricula were incorporated
to accord students the opportunity to develop 21st-
century skill sets that could ameliorate decision-
making related to personal health, energy efficiency,
environmental quality, resource use, and national
security, and other issues clearly linked to knowledge
of STEM disciplines (Bybee, 2010). STEM education
is globally associated with strategies undertaken by
various countries and regions to foster STEM
personnel able to lead innovation. In particular, such
strategies appear to emphasize the integration
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between the STEM disciplines to offer students a
rigorous and meaningful experience of the real world
rather than highlighting individual elements (e.g.,
Sanders, 2009; Yoon et al, 2014) without the
traditional barriers that have divided individual
disciplines (Vasquez et al, 2013). The stronger
associations between the sciences and mathematics
were advocated by the initial discourse of the STEM
movement to develop engineers (Moore, 1903) and
other allied professionals through the integration of
design and technology (Bryan et al, 2015).
Especially, the interdisciplinarity/transdisciplinarity
of STEM education is regarded important (Takeuchi
et al, 2020). The pedagogic strategy of science,
technology, engineering, arts, and mathematics
(STEAM) education has recently gained traction. This
methodology incorporates the arts into STEM
education in both formal and informal education
settings to encourage scientific thinking as well as
creativity through multisensory artistic activities
(Liao, 2016; Rolling, 2016; Segarra et al., 2018).
Unlike STEM education, the STEAM methodology
cannot yet be adequately defined because of the
continuing uncertainty about the arts to be studied
within its ambit. Although educational policies
relating to STEAM are now universally recognized
and are being accelerated, a common understanding
of the component of art is yet to be achieved. In fact,
various active learning or teaching methods, such as
problem-based learning, have been proposed
recently (e. g, Rillero et al.,, 2020). Such debates also
continue in the domains of science education in
Japan.

Science museums and centers are considered
informal education institutions where visitors can
develop scientific thinking and experience
multisensory artistic activities (Mujtaba et al., 2018)
that are suited to STEAM education (e.g., Rolling,
2016). Science museums and centers house myriad
items such as multi-touch tabletops that can be
handled by visitors who desire to engage in
experiential activities (e.g., Horn et al., 2012; Mujtaba
et al.,, 2018). Thus, science university museums can
also contribute to STEAM education. Generally,
university museums are distinguished from general
repositories through two characteristics (Lourenco,
2008; Simpson et al,, 2019). First, they are suited to
examinations pertaining to museum studies because
university museums are educational and research
institutions and represent faculties/departments
within their parent university. Second, they are
meant to be utilized by research professionals
including professors, curators, and librarians who
practice interdisciplinary education and research.
University museums may thus become pivotal as
common academic and cultural resources that

facilitate the interaction of the past and present
interdisciplinary knowledge in the interests of the
future problem-solving efforts directed at global
issues (Nykdnen et al., 2018). The present paper
illustrates the effectiveness of object-based learning
(OBL) in STEAM education through the experiencing
of original artworks housed in science university
museums.

OBL refers to a type of experiential learning (Kolb,
1984) and is a powerful pedagogy involving
collections and objects displayed in repositories
(Chatterjee et al., 2015). The term “object” in this
context indicates traditional handicrafts,
archaeological relics, natural history specimens, and
also 3-D printed artifacts (Jones, 2012; Wilson et al,,
2017). OBL was initially conceived in the domains of
educational psychology, cognitive psychology,
science education, and museum pedagogy (Paris,
2002). It was obviously predicated on the value of
engaging with collections and objects to mediate
meaning and context (Hooper-Greenhill, 2007). OBL
through multisensory activities has also been
proposed to encourage learning through embodied
experience, to make sense of learning through
constructivism, and to contribute to the diversity of
learning contexts (Falk and Dierking, 2000). OBL is a
method of mutual experiential learning,
characteristically through the use of collections and
objects in a museum setting (e.g, Marie, 2010).
Despite being mooted in the 19th century, scholars
renewed their focus on the benefits and advantages
of OBL at the beginning of the 21st century through
diverse case studies that applied this pedagogical
theory to the higher education sector, apparently
initiating a renaissance (Jacobs et al., 2009; Simpson,
2014; Thogersen et al, 2018). Recently, higher
education institutions such as universities have
extensively reconceived and revived OBL,
particularly in the United Kingdom and in Australia
(e.g., Hannan et al.,, 2013; Kador et al., 2018; Simpson,
2014).

The current revival of OBL is palpably different
from the conventional conception of the pedagogy in
various ways. First, unlike traditional OBL, the
current revival of OBL was introduced to higher
educational institutions including universities as an
effective method of interdisciplinary learning. The
contemporary version of the academic framework of
OBL also applies it to university museums (Chatterjee
et al,, 2015), acknowledging its efficacy as a form of
experiential learning through the collections, objects,
and the museum staff at universities/university
repositories.

The contemporary revival of OBL has
consequently also triggered an accumulation of
studies related to its progression into the higher
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education sector since the beginning of the 21st
century. Simpson and Hammond (2012) have
demonstrated that three-dimensional substantial
objects were more useful for learning at Macquarie
University than two-dimensional digital images.
Eccles (2019) has evinced that the digitization of
collections and objects at the University of Oxford
provided students the facility to achieve OBL in
virtual space as a complement to traditional text-
based learning. Chatterjee (2010) has evinced the
extensive range in which OBL may be applied at
University College London (UCL), from museum
education to medical welfare in a hospital setting.
Interestingly, UCL has developed OBL as an
institutional strategy and has established more than
100 course-units associated with OBL (Duhs, 2010).
UCL’s students have responded to this initiative,
saying OBL has exerted a positive influence on the
advancement of their knowledge (Sharp et al.,, 2015).
According to Kador et al. (2018), UCL’s museum
educator listed a museum curating course for
students to help interested learners identify
specimens, perform ethical operations on human
samples, or construct digital archives. The
application of OBL in museums is thus expected to
extend beyond previously developed teaching and
learning of specific disciplines that have evinced a
traditional affinity for museums. OBL can be pivotal

for  both  discipline-specific =~ content and
interdisciplinary studies that transcend the
boundaries of particular educational domains

(Simpson, 2014, 2019). The present study proposes a
type of interdisciplinary STEAM education that can
be accelerated through OBL involving original art
collections and objects housed at science university
museums in Japan.

Aims

Postulating that science university museums can
contribute substantially to STEAM education, this
study attempted to apply OBL to Japanese
interdisciplinary STEAM-learning. To this end, it
utilized original collections and objects housed in a
university museum, presenting them to students who
participated in a curating workshop organized in a
science university museum.

The Experimental Environment and the Participants

This study was conducted with students majoring
in either agriculture or technology who participated
in a curating workshop organized at the Nature and
Science Museum of the Tokyo University of
Agriculture and Technology.

Nature and Science Museum was initially
established in 1886 as a reference exhibition room at
the Tokyo University of Agriculture and Technology,

a national science and engineering institution of
higher learning at that time. This museum’s parent
university has buttressed the sericulture and textile
industries and has accomplished diverse Japanese
innovations for these sectors. Nature and Science
Museum thus holds, preserves, and displays more
than 13,000 in-house objects related to the
sericulture and textile industries. The artifacts held
by this museum range from cocoon and silk
specimens to varied fibers and textile machines.

Currently, the Tokyo University of Agriculture and
Technology comprises the two faculties reflected in
its nomenclature, and students may major in either.
The Faculty of Agriculture encompasses five
departments!, and the Faculty of Technology
incorporates six departmentsz. These
faculties/departments were originally designed by
the institution to lead research and educational
activities related to sericulture and the textile
industry. Students of this university learn advanced
science and technology and are trained to become
promising STEM personnel. The museum’s
collections and objects are not currently utilized for
object-based lessons for curricula imparted in
classrooms unless they belong to pre-Showa eras.
Therefore, students are accorded few opportunities
to engage with the museum’s collections and objects
developed in the course of the university’s own
education and research activities.

THE EXPERIMENTAL
PROCEDURE

The utilization of museum collections and objects
for learning and teaching was traditionally restricted
to museum-specific disciplines such as natural
history, archaeology, and ethnology. For instance,
Japanese ukiyo-e originated in the Edo era (1603-
1868) and depicted Japanese customs and
landscapes through drawing or printing. This ukiyo-e
became learning objectives for students majoring in
the arts. The contemporary revival of OBL advocates
the utilization of collections and objects housed in
university museums for cross-disciplinary learning
and teaching. Thus, students of diverse faculties and
departments may use ukiyo-e to learn reciprocally.
They can interact with these artifacts through
multisensory learning using sight and touch and
contemplate the art objects not just from the
perspective of art history but also from the lens of
anthropology, chemistry, or computing to engage
broadly in learning, teaching, and research.

Sericulture ukiyo-e was defined as the object for
the OBL to be accomplished in this study. The term
sericulture signifies silk farming, and more than 400
objects related to this activity have been restored and
preserved in Nature and Science Museum. Sericulture

MATERIAL  AND
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ukiyo-e records the process of sericulture
undertaken by women and represents the process
that begins with the growing and cocooning of the
silkworm to the reeling of the silk. Originally,
sericulture ukiyo-e were drawn and printed between
the Edo and the Meiji eras (1868-1912). These works
were enthusiastically collected by professors, who
studied and taught the history of silk-reeling
technology at the university through the Showa era
(1926-1989). A sericulture ukiyo-e usually depicts
one or more beautiful images of sericulture
landscapes accompanied by ancient Japanese writing
that is difficult to read or understand for those who
know modern Japanese.

Approximately 200 students majoring in
agriculture or technology participated in the curating
workshop twice, among them, Group A included 222
students majoring in biotechnology and life science,
biomedical engineering, applied chemistry, applied
physics, and chemical engineering, and included 227
Group B which comprises students majoring in
mechanical systems engineering and electrical
engineering and computer science; they were given
the opportunity to directly engage with numerous
sericulture ukiyo-e through multisensory means
(Figure 1). Sericulture ukiyo-e was known as printed
series but was not translated into modern Japanese
script. Thus, the meaning of the ancient writing has
not been deciphered in detail. The participating
students scrutinized, touched, interpreted, and
ultimately deliberated on this sericulture ukiyo-e
through the scope of their individual knowledge and
organized a student exhibition to showcase the
achievements they obtained through the experiential
workshop activities of interdisciplinary learning
(Allen, 2004; Sand, 2017; Semper, 1990). Students
represented not only accomplishments of the
interpretation of ancient writing but also contents of
the advanced research on sericulture (Figure 2). This
curating workshop was conducted as an intensive
lecture on the liberal arts program once in April 2020
and again in February 2020 wherein the workshop
was piloted for few students and in February 2020
(Table 1). However, majority of the work in the
curator workshop, such as survey of the object
information and creation of panels, were performed
online, except actually observing and touching
material objects, including those for ukiyo-e, which
was performed while students maintained a suitable
physical distance between them.

Quantitative analysis: Selective questionnaire

This study examines the effectiveness and
practicality of OBL using a questionnaire pre- and
post-workshop. Students were instructed to answer
(Q1) “Are you interested in sericulture-related

Figure 1. Sericulture Ukiyo-e

studies?” (Figure 3). Responses were rated on a five-
point scale (i = Very interested, ii = Interested, iii =
Neutral, iv = Slightly interested, and v =
Uninterested). Additionally, after the workshop, they
were instructed to respond to (Q2) “Did you enjoy
cross-disciplinary learning and the multisensory
experience with authentic original artworks of
sericulture ukiyo-e?” and (Q3) “Did you enjoy the
multisensory experience with authentic original
artwork sericulture ukiyo-e?” Responses were rated
on a five-point scale (i = Yes, I did well, ii = Yes, 1 did,
iii = Neutral, iv = No, I did not, and v = No, I did not
atall.).

Comparing the pre- and post-workshop responses
for Q2, this study observed that interest in the post-
workshop tended to increase. As previously
mentioned, the curating workshop was held twice for
approximately 200 students in different groups.
Figure 4 illustrates that students’ interest relatively
increased during the pre-workshop compared with
post-workshop. Thus, this study infers that OBL can
stimulate learner motivation through multisensory
engagement or the ability of authentic items to attract
attention. Moreover, Q3 reveals that many students
enjoyed cross-disciplinary learning with students
majoring in different disciplines. From this
perspective, sericulture ukiyo-e played the unique
role of a mediator between students majoring in
different disciplines.

Qualitative analysis: Open-end questionnaire

The effectiveness of OBL was surveyed through
the implementation of open-ended questionnaires
administered to the students who participated in the
workshop. The items of the questionnaire queried
opinions ranging from the museum curating of
sericulture ukiyo-e to sericulture-related aspects
pertaining to their respective disciplines. Some
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Figure 2. Panel examples of the student exhibition

excerpts of the opinions articulated by the students
are reproduced below.

According to Student A, “The models are
predominantly females, and the clothing is glossy (as
opposed to the actual work), which seems to be the
printing of beauty than that of the actual sericulture
landscape.” She focused on the beauty depicted in
Sanshoku ukiyo-e and was attracted to the vivid
colors. Certainly, Sanshoku ukiyo-e is one of the
oldest and most beautiful pieces of evidence relating
to valuable industrial and technological history.

Student B wrote:

Sanshoku ukiyo-e were painted from the late Edo
era to the Meiji era. In some works of the Meiji
era, it was depicted that the Emperor was
observing the work of sericulture, which shows
the connection between the Imperial Family and
the sericulture industry.

She surveyed the association between sericulture
and the Imperial Family. Beginning from the Meiji
era, the Empress has inherited the work of
sericulture in the Imperial Palace through

generations, perhaps considering sericulture to be
the symbol of the heart of Japanese females.
Student C opined that:

Studies on silkworms have also played an
important role in basic biology including genetics,
embryology, and physiology. In fact, silkworm
research has contributed to the proof of the
Mendelian inheritance law, the isolation and the
identification of sex pheromones and other
hormones, and the isolation of mMRNA in
eukaryotes. At present, research results, such as
the creation of genetically modified silkworms
and the decoding of the outline of the silkworm
genome, have been obtained.

He traced and highlighted the historical utility of
silkworms from the past to the present through the
scope of biology. It is particularly interesting that
applied entomology is a unique discipline and he
looked at silkworms in terms of the implementation
of experimental materials.

Student D wrote, “Silk has high biocompatibility
and thus is expected to be used in medical and
cosmetic applications. Liquefaction and cosmetics.



6/10 Tanabashi / Interdisciplinary Journal of Environmental and Science Education
Table 1. Timeline of the curator workshop

Steps Date

Step1l  Pilot curator An announcement was made for the recruitment of participants regarding 2/6/2020

workshop the pilot curator workshop that had commenced.

Step 2 A museum visit was held for 34 students so that they could appreciate the 2/10/2020
beauty of material objects, including ukiyo-e, and interact with one another
and their professor.

Step3  Formal An announcement was made for the recruitment of participants regarding  4/1/2020

curator the formal curator workshop that had commenced.
workshop

Step 4 A workshop was conducted for 449 students that involved meeting and  4/13/2020
introducing participants, in addition to providing a brief on the objectives
of the workshop virtually.

Step 5 A virtual museum visit was held twice for 222 and 227 students 4/15/2020
respectively, so that they could appreciate the beauty of materials objects, 4/17/2020
including ukiyo-e, and interact with each other, the curator, and their
professor.

Step 6 Students leaned ukiyo-e contents by interacting among themselves and/or  4/23/2020
individually to create the panel for student exhibition.

Step 7 Students were asked to answer questionnaires. 5/12/2020

Membrane formation and wound healing agent
Powderization; health food effective for lifestyle
disease. Spongy formation; regeneration medical
base material” She proposed the development of silk
materials using advanced technology. From the
perspective of material science underpinned by
technological innovation, various states of silks may
be applied to varied aspects of human life. The
students are preparing in collaboration to exhibit
their achievements on a digital platform.

This study illustrated that the participating
students learned in multifarious ways once they had
understood how to handle objects and could interact
with each other about noteworthy sericulture ukiyo-
e. They attained fresh information and perspectives
about the historical attributes of sericulture on the
basis of the seminal role played by their institution
and learned how to develop their understanding of
the subject for use in the future with personnel
specializing in diverse research fields.

After the curating workshop, student E reported:

What I felt most through this museum study was
that the collaboration and fusion of different
fields through exhibits was very useful not only
for museums but also for researchers. [ think that
we have also been able to improve the
involvement of males and females. This practice
did not completely lead to new ideas or
perspectives in my research field, but it helped

increase my knowledge of my field, how it is
related to other fields, and what is its social
position. With such an objective perspective of
specialized fields, I think that interesting ideas
can be obtained in the daily life, not to mention at
museums, by linking with specialized fields. A
museum where many exhibits and their academic
values are explained in an easy-to-understand
manner is the best place to cultivate such a
viewpoint, and a very important role in education
and research as a place to interact with different
fields.

Student F believed that:

The practice this time was to create posters for
exhibits at the Museum of Agriculture and
Technology. It was more difficult than I had
imagined to understand the material and convey
itin an easy-to-understand manner. In particular,
[ realized that visual judgment ability, spatial
judgment ability, and descriptive ability are very
important, and [ was trained while working while
devising how to communicate and how to
construct the layout. I felt like I was there. Given
the size and the number of characters, how to
convey the necessary information was the most
difficult part of this training. Also, how to output
what you input will be different for the same
exhibit. Therefore, I realized that it is possible to
create more diverse posters by having multiple
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Figure 3. Quantification of Q1 question
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Figure 4. Quantification of Q2 and Q3 question

people exchange opinions and work as in this
training. One of the communication effects
expected from OBL is to facilitate dialog
smoothly. This time, [ was naturally conducting
communication through things, and [ realized
later. It was fun to be able to actively discuss how
to interpret the target object and how to explain
it through the practical training. Furthermore, I
feel that collaboration and integration of different
fields will become more important in the future.
This time, I have learned that by grasping a
certain thing from different perspectives, we can
bring out a different aspect from what we have
seen before. In Japan, production has decreased
and sericulture is declining, but I felt that it would

be possible to find a new way of life by combining
it with new technologies. For example, we are
developing medical materials such as silk and
new materials such as cosmetic materials,
developing medical products such as vaccines
against intractable diseases using genetically
engineered  silkworms, and  producing
fluorescent-colored raw silk. There was a group
that introduced it, but I thought it was important
to introduce such efforts to the general public in
an easy-to-understand manner. OBL will be
effective for disseminating such knowledge
widely. In addition, if there are workshops in
which many people from different fields
introduce one exhibit in relation to their own

7/10
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specialized field (or an area of interest), it is
possible to grasp the exhibits from multiple
angles. Moreover, since information can be
shared through communication with people from
different fields, I think that the value of
collaboration and integration in different fields
can be greatly increased.

DISCUSSION

To achieve a sustainable future, this study
proposes that cultivating OBL in a manner so far, such
as a museum setting, can play a pivotal role in
interdisciplinary STEAM education, which can be
accelerated using original art collections and objects
housed at science university museums in Japan. In
fact, OBL can evidently stimulate student motivation
through  authentic  sericulture  ukiyo-e by
multisensory engagement and academic interaction.
Additionally, the cross-disciplinary interaction added
to new knowledge for students. In particular, in the
curating workshop, utilizing sericulture ukiyo-e as
objects proved effective as it was the students’ first
experience and none majored in arts. Therefore, a
scenario where particular students led the work in
the curating workshop was avoided.

Quantitative analysis of the result of Q1 indicated
that the development of interest for sericulture
ukiyo-e mainly increased through multisensory
activities, such as seeing and touching objects, during
the curating workshop. The results of Q2 and Q3
demonstrated that responses were mainly Rather yes
or Neutral. The results for Q3 indicated that the
students enjoyed interacting with their counterparts
majoring in different disciplines and learning with
material objects, such as the original artwork of
sericulture ukiyo-e.

Alternatively, qualitative analysis reveals that
students focused on the beauty and value of
sericulture ukiyo-e from the perspective of arts,
whereas they viewed the utilization of silk and
silkworm from the perspective of science. Through
multisensory  activities, academic interaction
fostered delivery skills, communication skills, and
knowledge on advanced technology for problem-
solving. Although OBL was recognized as a significant
learning method, it can contribute to the education of
students majoring in engineering. In other words, it
can be applied as a cross-disciplinary learning and
teaching method through academic interaction with
authentic, artistic, and scientific material objects for
problem-solving.

CONCLUSION

Simpson (2019) has proposed that the
contemporary revival of OBL can contribute to the
broadening of skill sets in students through the

interpersonal interactions of object-handling
between students at museums. OBL applied in this
manner can elevate literacy of discrete types such as
visual, partial, or descriptive (linguistic); it can also
improve communication  skills, comparative
analyses, and negotiation abilities. Although OBL has
not yet been introduced to the museum educational
system in Japan, the current study evidences that OBL
can function in a pivotal role in teaching and learning
activities undertaken in Japanese universities,
particularly in specific disciplines that have an
affinity for museums and across disciplines outside
museums. Evidently, the reconceived revival of OBL
in its present form can facilitate interdisciplinary
learning. The task to qualify and quantify the
effectiveness of OBL for the near future has been
assigned. The author of this paper believes that the
academic value of OBL would increase if problem-
solving activities and discourses are actively initiated
through the utilization of collections and objects
housed in university repositories.

NOTES
1-The Department of Biological Production,
Department of Applied Biological Science,

Department of Environmental Science, Department
of Natural Resource Science, Department of
Ecoregion Science, and Cooperative Department of
Veterinary Medicine.

2-The Department of Biotechnology and Life
Sciences, Department of Biomedical Engineering,
Department of Applied Chemistry, Department of
Applied Physics and Chemical Engineering,
Department of Mechanical Systems Engineering, and
Department of Electrical Engineering and Computer
Science.
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