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International Collaborative Lessons:
a case study in gaining cultural perspective

Menlo School — Peter Brown, Global Programs and Studies Coordinator

As interest and capacity in instructional technology and global education continues to grow, global
educators have new opportunities to connect students from different cultures, countries, and continents
through the development of collaborative lessons using technological interfaces and blended learning. These
collaborations typically involve administrators or teachers in schools in different countries planning lessons
and units together and then connecting their students across national borders through curricular-directed
conversation and projects. Leveraging diverse cultural or regional characteristics, international collaborative
lessons offer the potential for teachers not only to deepen their students’ content knowledge but also to
expand their students’ cultural awareness, sense of perspective, and circle of friendships.

This article focuses on one international collaborative project involving two SAGE member schools, my
social science class of seventeen students from Menlo School, in Atherton, CA, USA, and two social science
classes at the Dalton Academy division of the High School Affiliated with Peking University, in Beijing, China
(hereafter abbreviated as PKU-Dalton). The students in both institutions are 17 or 18 years of age.

The collaboration began as a conversation last June between myself and Jared Hall, PKU-Dalton’s Curricular
Programs Coordinator and History Teacher. We both wanted to explore the ways students saw their country’s
politics and culture and the different ways that history might be written or taught in different countries (an
idea another colleague at Menlo is developing with Perse School, UK, another SAGE partner). Employing
Schoology, a Facebook-like platform designed for schools, we arranged our classes so that each partner school
would have roughly equal numbers of participants, and then we divided our students into smaller groups
to maximize their opportunities for meaningful interactions. We planned three interactive, asynchronous
iterations over the course of a week. First, we had each group post and share videos introducing themselves
and their schools to their cohort in the other school to allow the students to get to know one another and
to familiarize themselves with the Schoology platform. Students also posted responses to the other group’s
videos, “liking” them, etc. The second interactive lesson had students finding and posting sample texts from
academic sources that addressed events in US or Chinese history or US-China relations. Students uploaded
these texts along with summaries, analyses, and questions for the cohort in the other school. For instance,
after posting, summarizing, and analyzing a US History text addressing the Chinese-Exclusion Act of 1882,
the American students might ask their Chinese cohort: Have you learned of this event in your school? If so,
how is the text similar to or different from the perspective presented here? Is there an equivalent issue involving
immigration in Chinese history? The third iteration of our international collaborative learning exercise was
the least structured, a consideration of a single question: What —ism (or political concept) best describes your
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country? For this assignment, unlike the second, no model was provided for the students, and no texts were
required. The third iteration was intended to engage our students in a general conversation around broader
topics of politics, culture, and society.

We completed our international collaborative project exactly a week ago as of this writing, and Jared Hall
and I briefly shared our perceptions. While a fuller debrief is in order, the writing of the Menlo and PKU-
Dalton students reflects their gains in perspective, their surprise, and the need for further collaboration
and investigation. For instance, given the current tension and debate in the US over the recent American
government shutdown, some Menlo students were surprised to read from their PKU-Dalton cohort that
the Chinese government will never shut down because of the nature of one-party rule. In another common
example, several Menlo students wrote of their PKU-Dalton cohorts’ citing of the rise of individualism in
China. Given that the Menlo students had been studying the communist revolution in China and the ethics
of socialism and communism, they were surprised to read about this. In some cases, due to the helpful
intervention of their PKU-Dalton peers, Menlo students drew connections between the rising ethic of
individualism and selfishness and China’s one-child policy. Another Menlo student cited the different tenor
of debate about abortion in China, which is a perennial and seemingly intractable issue In the United States.
One PKU-Dalton cohort member wrote that the perspective in China, in contrast, is that abortion is a way
to enforce restriction on unwanted population growth. The PKU-Dalton students were somewhat surprised
to learn that the Menlo students believed that the US government had been acting in the interest of China in
enforcing the Open Door policy of 1899-1900. The PKU-Dalton students wrote that from their perspective
this was an imperial venture, serving the interests of American merchants.

The most common insight from Menlo students was the degree of similarity they observed between themselves
and their Chinese cohort, but this was not always something to celebrate: one Menlo student observed that
both sets of students felt pressure to buy the most expensive clothes, etc., because that is part of the equation
for making and keeping friends. Curiously, the general sense of the PKU-Dalton students was that the
Menlo students had a fundamentally different worldview than their own. This was one of several interesting
inconsistencies and questions that the project raised.

There were other limitations to this project, too. Aside from time restraints and a few minor technological
challenges regarding the platform, the group interactions themselves raised potentials for misinformation



and misinterpretation. It was easy, for instance, for students to regard their cohort in the other country as
necessarily expert on complex questions and easy to assume that the answers of a few students in the other
country necessarily spoke for the entire country or generation. Responses based on different expectations
of politeness, restraint, or other cultural codes and norms for discussing certain subjects were also apt to
be misconstrued. Finally, the observations above are preliminary: a fuller debrief, including more PKU-
Dalton Academy students’ findings, would bring more conclusive results. Nevertheless, the project seemed
well worth the effort in terms of the learning and perspectives gained and the enjoyment: PKU-Dalton and
Menlo students universally enjoyed the experience. Finally, the inconsistencies and limitations of the project
can be viewed as helpful: invitations for further teaching, learning, collaboration and research.

So what conclusions might be drawn from this brief case study? Three tentative ones come to mind. First, if
our role as global educators is to deepen our students’ sense of perspective and knowledge about the world,
international collaborative lessons seem to offer a viable method for doing so. Second, if global educators
working in resource-constrained environments seek means to connect their students across borders, the
international collaborative lesson offers a relatively cost-effective way of doing so. Third, if global educators
aim to involve their fellow teachers in the global education initiatives and opportunities for professional
development and growth, the international collaborative lesson might serve as a powerful medium.

These ideas are briefly elaborated below.

While the case study described above emphasized the role of international collaborative lessons in cultivating
knowledge of diverse perspectives, lessons involving data collection and analysis, such as the kind that
typically occur in science classes, also seem well suited to international collaboration. In a project between
Menlo’s seventh grade science teacher and a colleague at Tsai Hsing School in Taiwan, for instance, students
conducted experiments on their local environments, collecting, sharing, and analyzing samples of earth for
forms of life and engaging in conversations about the reasons for similarities and differences. In another
project, involving a collaboration between a ninth grade science teacher at SAGE partner Nanyang Girls’ High
School in Singapore and a Menlo ninth grade science teacher, students recreated Aristophanes’s experiment
measuring the circumference of the earth. The international collaborative lesson has long been used for
the practice of foreign language development through the cultivation of pen pal relationships and the like.
Menlo's Mandarin Chinese teacher has been involved in several projects that enrich and enliven her students’
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language learning through international collaborative lessons, including a project on the analysis of idioms. In
sum, it appears that lessons or units that stand to be enriched through the inclusion of multiple perspectives,
diverse data samples, and the practice of language are good candidates for international collaborations.

Assuming that collaborating institutions have readily available technology and connectivity, as is the case
with both PKU- Dalton and Menlo, international collaborative lessons seem to incur little extra technology
costs (e.g., in our collaboration the Schoology platform was freely available). The greatest cost might well be
the time and support needed for partners in different schools to plan projects together, particularly if the
planning involves travel to distant schools. In some institutions with a tradition of teacher autonomy (e.g.,
American independent schools), collaborative lesson planning is a challenge to undertake even within the
same department and school let alone across borders, time zones, languages, schedules, contexts, etc. Direct
contact between collaborators or collaborating teams, then, might make these kinds of lessons more feasible
to plan and undertake, at least initially.

International collaborative lessons, finally, offers teachers ways to enliven their classes, make them more
relevant, while adopting appropriate technologies and meeting colleagues from across the world. Just as Jared
Hall's and my classes were mutually enriched, enlivened, and helpfully complicated by our collaboration, an
experiment on fauna and flora in a science classroom might be similarly enriched by comparing data samples
and analyses from students in another region of the world; language teachers know that their lessons can be
enhanced through online conversations with native speakers. International collaborative lessons, therefore,
can enliven a traditional classroom. At the same time they preserve the teacher’s centrality to the learning
enterprise.

International collaborative lessons also might play a role in a teacher’s professional development. Certainly,
a teacher needs to have or gain some facility with technologies that are constantly changing and upgrading.
The greater challenge, however, is the broader pedagogical one of finding and implementing mutually
beneficial curricula between partners in different parts of the world. The process of developing international
collaborative curricula provides a potential means of pedagogical development that could benefit teachers
professionally while advancing the values of a globalized curriculum. It also offers teachers, as well as their
students, the opportunity to broaden their circle of acquaintances and friends across borders.



At Menlo School we are at the early stages of developing international collaborative lessons, but despite
occasional missteps we have found them to offer an interesting and potentially rich vein of opportunity
to advance our students’ learning. Thus, in the past year we have tripled the number of our international
curricular projects and are involving a significant percentage of our student body in these kinds of endeavors.
We hope in the future to improve on the lessons we've tried, to build further on those experiences, and
to learn from the experiences and lessons of other schools doing this work. We are grateful to the SAGE
consortium and each of our SAGE collaborators to date: PKU-Dalton Academy, Nanyang Girls High School,
and the Perse School. We look forward to continued development of established projects and to developing
new ones, as well.
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Nanyang Girls’ High School

Taman Negara Sabbaticals - Reconnecting the Disconnected

Nanyang Girls’ High School — Ms Vanessa Tsang, Experiential Learning Specialist

“It takes time—loose, unstructured dreamtime—to experience nature in a meaningful way.” Richard Louyv,
Last Child In The Woods

Singapore Childhood - Our Stories Then and Now, authored by Jamie Koh and the Singapore Children’s
Society is dotted with childhood stories by people who once lived in the kampongs (wooden or attap houses).
Their stories speak of days when “playgrounds” were simply defined as any open space for play, devoid of
manicured parks with state-of-the-art playground features and rubber mats.

These changed with the exodus from kampongs to flats in the 1970s. Nature had to give way to urbanization
and flats took the place of idyllic settings where kampongs once stood. With the changing landscape, outdoor
spaces became increasingly scarce.

While some children never stopped engaging in the outdoors through innovative means such as catching
fishes in large canals and drains, much of play has since been confined to corridors and void decks.

Although play retreated to a seemingly safe haven, it was found that even playing in such places was met with
much caution and skepticism from the older generation. As pointed by an interviewee, “Even though there
was a corridor, every household had their doors closed. “We didn't even really know who our neighbours
were,” recounted Alvin's sister. “My mother did not want us to play outside - she said it was dangerous - so
we stayed indoors, played by ourselves or read.” (Koh J., 2013 pg 98)

This phenomenon is similarly reflected in the UK. George Monbiot wrote of .. .several reasons for this collapse:
parents’ irrational fear of strangers and rational fear of traffic, the destruction of the fortifying commons
where previous generations played, the quality of indoor entertainment, the structuring of children’s time,
the criminalisation of natural play.” (Monbiot G., 2012)

With the demise of outdoor play and spaces, it is no wonder that our children have little choice but to turn
to indoor play — one that breams with “smart” devices and screens offering a parallel virtual existence that
exerts a powerful grip on their psyche. It is thus fairly common to observe children whipping out their
devices wherever there are pockets of time instead of engaging with the people around them. It takes only



a cursory glance to realise that human beings are indeed becoming increasingly connected virtually but
virtually disconnected from experiencing the real world, especially the great outdoors.

In a nod to Monbiot’s sentiment that humans will not fight for nature unless they have spent a considerable
length of time immersed in it, the Nanyang Experiential Learning team designed and led overseas programmes
with the aims of reconnecting the disconnected. One of such trips was to Taman Negara National Park,
located in the north of Malaysia, in 2012 and 2013.

For genuine appreciation and love for nature to develop, it is insufficient to merely have an experience with it
but the experience has to be a positive and meaningful one. Thus the programme had to possess certain key
features. Firstly, it had to be a programme which undertakes a slower pace to provide the time and space to
enjoy the element. Secondly, the programme has to positively engage the different senses and finally, it has to
provide the space for self-reflection. The applications of these features are further explained in the following
paragraphs.

The sabbatical was planned such that it encompassed a maximum of two activities each day. For example,
one of the afternoons was spent in the river. Its objective was play. During our river time, the students simply
floated downstream, a novelty which all of them had never experienced before. We played ball games and
skipped rocks. These simple activities, which were probably taken for granted in the past, were very much
relished by the students. Time was not of the essence - they were given the time to fully immerse themselves
in the element and enjoy it in all its glory.

Another afternoon was spent on an easy trek to the canopy walk, which allowed them to view the forest from
a different perspective. They were encouraged to touch and feel the trees and leaves as they proceeded along
the boardwalk and appreciate the magnificence of the forest.

Night walk was intentionally put in place to further engage their senses. Silence had to be observed, all chatter
had to cease and they could only rely on their hearing and sight as they trekked in the night to spot wildlife.
Nature rewarded the students with sightings of various nocturnal bugs and insects, with animals such as
tapirs, samba deer and even a flying lemur being the guest stars of the night. The fascination and satisfaction
of spotting these in the wild were indeed indescribable.



In many different experiences, consolidation of thoughts and reflection of their personal experiences in the
form of solo time are essential to crystallize their learnings. Being in a natural setting, reflections were often
done in the outdoors with inspiring views of the forest in a tree hut and some days, along the bank of the
river. The only sounds that they heard were those made by the cicadas, crickets, chirping of birds and the
rush of the river. This is truly the symphony of nature. These inestimable moments provided an avenue for
the students to capture and immortalize the learnings they had gathered from their personal experiences and
senses.

If nature is to have any hope at all in the distant future, the change has to begin with the education of this
generation. As Monbiot rightly pointed out, “Most of those I know who fight for nature are people who spent
their childhoods immersed in it. Without a feel for the texture and function of the natural world, without an
intensity of engagement almost impossible in the absence of early experience, people will not devote their
lives to its protection.” (Monbiot G., 2012)

People will not fight for something that they have no attachment or connection with. Where humans were
once part of nature, we are now living increasingly apart from it. Through this sabbatical, we hope to have
brought about the realisation that humans are still intricately connected with nature. We need to reconnect
with the once-connected.

References

Koh J. (2013) Singapore Childhood Our Stories Then & Now. From Marbles to Media Gaming (pg 98). Location : World Scientific
Publishing Co. Pte Ltd

Monbiot G. (2012), If Children Lose Contact With Nature They Won't Fight For It. Retrieved on 22 October 2013, from http://www.
theguardian.com/commentisfree/2012/nov/19/children-lose-contact-with-nature



Reflections from students

“The main highlight of the trip was probably the river activities.
Maybe because | love water, but for the first time | felt the soul of the
river. Sounds weird but that’s how I feel. |1 guess then you can say that
we have truly connected with nature, for a moment felt like we are
part of the big ecosystem in Taman Negara.”

“l eventually realize that Taman Negara gave me a whole new
experience of learning and appreciating nature on an entirely different
level! The entire trip was just so filled with close-up moments of lush
forest, freshwater rivers, cool animals and even many types of insects
/ bugs that | have never seen before. However, this trip really gave me
the opportunity to see how beautiful nature was, especially through
all the fun-filled activities that were lined up for us, such as the
biodiversity survey. The night walk, playing in the river and skipping
stones and finally, staying in a hide in the middle of a forest for the
very first time. All these were extremely memorable to me.”
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Nanyang Girls’ High School

A Case Study: iPads in Science Lessons

Nanyang Girls’ High School — Mr Mark Shone, Subject Head Relations ¢ Communications and
Mr John Lee, Biology Teacher

This article shares many of the creative and innovative ways Nanyang Girls’ High School has been using
iPads in science lessons and shares two case studies of use of the iPad in science lessons.

Introduction

When Apple chose to launch the latest version of the iPad on 22 October 2013 they played a short video
highlighting the many ways in which the device has changed many areas of life. Of course, one area that was
highlighted was education. Of the thousands of schools now using the iPad throughout the world they chose
a science lesson at Nanyang Girls’ High School to showcase the best practice use of iPad in an educational
environment.

Nanyang Girls’ High School (NYGH) was a pioneer schoolin terms of the adoption of the iPad as a technological
device to be used in the classroom. Within a few months of the release of the original iPad teachers at the
school could see the potential of the device and began assessing the possible impact in the classroom if it were
to be adopted in the school as a 1-1 computing device.

NYGH made the bold decision in late 2010 to become one of the first schools worldwide to adopt the iPad as
the as the technology choice in the classroom. The go-ahead was given for the pilot project and by January
2011 four 1-1 iPad classes were started.

The success of these classes was followed by roll-outs to further levels over the following years and by January
2014 there will be more than 1200 of our students using the iPad as their personal 1-to-1 device in the
classroom.

Connecting to the World

It is unavoidable that science lessons are very content heavy and science has a tendency to be a rather dry
subject. Teachers realised very early that the iPads helped to break down the walls of the classroom and expose
the students to real world examples. The students get to see that science is not just something that happens in
textbooks and school labs but is a very real part of the world they live in. Having access to the Internet meant
that students could easily and conveniently access many online resources and find information quickly. It
also meant that materials such as YouTube video clips could be used to engage the attention of students and
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made a useful way of grabbing the attention of the students at the beginning of the lesson to get them to think
and to bring relevant learning experiences to science lessons.

For example in 2011 when the nuclear disaster struck Fukushima, Japan, there was widespread coverage
across the news and teachers were able to bring this news story into the classroom. They used it to explain
how a nuclear reactor works, the dangers of nuclear power, start a conversation about where our energy
comes from, renewable energy resources and so forth.

Other news stories that we would bring up included the latest discoveries at the large Hadron Collider, the
latest NASA space mission, discussions on Nobel Prize winners or research in lifesciences or nanotechnology.
Certainly these are topics that are not in the traditional syllabus but all bring some currency to the subject
and reinforce the idea that the sciences are relevant subjects for the world we are living in.

Notes and Textbooks

The level at which we teach students frequently goes beyond what can be found in the textbook both in
terms of subject matter covered and the depth of study. Subsequently, teachers frequently provide the science
students with additional notes. This used to result in massive quantities of photocopies being passed to the
students. Today it is seldom necessary to give hardcopies and instead PDF files have become the norm.

Several of us have dabbled with creating our own iBooks too. iBooks are easily created on Apple computers
running the (free) iBook Author software. The advantages of iBooks over a PDF set of notes are numerous
and include the ability to incorporate video, audio and interactive elements.

To ensure that we are not infringing copyright materials we ensure that we only use our own photographs or
diagrams we have drawn ourselves. Although this was time consuming at first many of the teachers found
it rewarding and quickly became very proficient using Adobe Illustrator or the drawing tools in Microsoft
Word.

One step beyond just creating iBooks is the use of iTunesU. This is Apple’s portal for iOS devices that allows for
the gathering of teaching materials into one online space that works seamlessly with the iPad. The advantages
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for students are that the materials
are pushed onto their devices, they
can access the material when off-
line and notes and comments made
by them will sync between all of
their devices.

We are of course keen to replace
hardcopy textbooks with electronic
soft-copies, however we are still
waiting for most of our textbook
publishers to produce the electronic
versions. This is happening, but
slowly. It will probably be many
more years before all of the
textbooks we wish the students to
buy are obtainable on the iPad.

Although we certainly do make use of some science apps, we are probably not using these as frequently as
we had initially imagined. Many apps are generally designed to do one thing which makes their use rather
limiting and will resign them to maybe a demo from the teachers iPad rather than classwide installation on

the students’” iPads.

Many science widgets are still not ported to the iPad, though this is continuing to change and more and more
such interactive materials are now being created in iPad friendly HTMLS5 or in their own apps.

We have been hesitant to ask students to buy many apps as we find there is nearly always an equivalent app
available for free. The only apps that we really requested students to purchase were the apps for creation of



Materials on the Device such as Apple’s Pages, Numbers, Keynote and iMovie - interestingly these have all
recently been made free.

Keynote has been one of the more widely used apps in science lessons. Designed purely as a presentation tool
it is of course used by both teachers and students for presenting to the class. However, we have discovered
that this app is a lot more flexible and a Keynote file can do a lot more than just make a great way of passing
notes to students. Students can have a copy of the notes that the teacher is using for presentation and of course
modify, add to it and make it their own. Keynote slides can have missing words or unlabelled diagrams and
the document becomes a worksheet for the students to fill in the blanks or label the diagram. Additionally the
ease with which objects can be animated in Keynote gives a great way for students to create simple animations
to show actions or processes in action.

With the move to a 21st century learning environment we are always encouraging students to work together
more frequently. Collaborations can often be virtual with many apps supporting multiple users contributing
simultaneously. For example Google Drive documents allow for students to be simultaneously working on
different parts of a science report. Project data from different pupils can be entered onto a shared spreadsheet
to allow for comparison of different sets of results or to build a larger data set for analysis.

Many teachers have set up areas on the web that students can not only
access to get additional materials but are also able to communicate in.
We have explored using different types of sites and have realised the
differences and potential each has to offer. Wikis offer great flexibility,
Google sites offer ease of set-up and powerful control of who can
access the materials posted there, whilst Edmodo has a facebook-
like feel that the students are comfortable with and intuitively know
how to use.

Recording results of virtual experiments

Familiarity with using the iPad in the class and the creativity of our forward-thinking teachers led us to try
something different - flipping the classroom. A “flipped classroom’ is where the student does some learning
outside of the traditional classroom (usually at home) and then will do an activity or assignment in class.
The advantages to this include the fact that the teacher spends less time lecturing to the class and more time
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facilitating learning and helping students individually. Also, materials put up online are there for the students
to use again, so a weaker student may be able to view material multiple times if they do not understand on
first viewing or maybe sometime later when studying for a quiz or exam. Teachers have used a wide range of
apps for creating Flip-classroom material but frequently would be done completely on the iPad itself using
apps such as Whiteboard, Explain Everything or iMovie.

In the Lab

Flipped classroom teaching works especially well for laboratory sessions. Where a teacher traditionally had
to spend the first five or ten minutes of a lab session explaining how the apparatus works or the dangers and
precautions to be taken, the students now enter the lab already having watched this briefing and thus are able
to spend additional time hands-on with the apparatus.

Conducting an experiment will require the recording of results.
Traditionally this has been in the form of a written table of data.
The camera allows documentation of experiments in an entirely new
way. We can now ask students to photograph or video the results
of an experiment. Such clips can then be used by the students to
explain a phenomena - a much higher level of thinking is required
for such a task rather than simply recording readings.

Using the iPad camera to record results of
an experiment

Out of the Classroom:

Of course experiments do not have to be conducted in the science labs and the iPad has helped us move out
of the classroom more.

The following two case studies give a couple of examples of the iPads being used creatively outside of the
traditional classroom and lab setting.



Case Study 1:
NYGH Students ‘Test Drive’ A Field App Using iPads

Plants@NP App: Making Learning Real

A NYGH student comes across a species of mangrove tree at Sungei Buloh and needs further information
on its identity, care and propagation methods. She launches the Plants@NP app, scrolls through the plant
categories, queries the networked plant database to find all the updated information. A great example of real-
time performance support, in-context, just-in-time learning! Beyond just passive acquisition of information,
the student is also able to be an active constructor of knowledge whereby she records and shares her personal
reflections on the mangrove tree’s propagation via unique seed dispersal methods within a community of
like-minded participants.

Plants@NP (Ngee Ann Polytechnic) is one of the key custom iOS apps developed by iMedia Services - a plant
directory-cum-micro blogging app that combines a desktop wiki environment with a companion mobile app.

Ngee Ann Polytechnic previously piloted the use of PDAs (iPhones) for location-based content delivery via
HP’s MediaScape Authoring Toolkit in 2008, following the adoption of Clementi Woods Park as a learning
park. Going beyond mere content delivery and access, this latest iteration of the project incorporates features
that empower students to collect, organise, and curate plant data in authentic learning contexts. Through
using the app, the field work experience of students from the Diploma in Landscape Design & Horticulture
are enhanced and enriched, whereby they can contribute and refer to the plant directory and update it while
on the go, on location in a park or nature environment.

In terms of pedagogical value, the hyper-mobility afforded by the iPhone/iPod Touch ofters rich potential to
embed context in learning, whereby students don’t just merely consume, but are engaged as co-creators of
plant information in authentic contexts, collectively building and peer-reviewing contributions.



Using iPads in the field

Networking was established between NYGH and the School of Life Sciences and Chemical Technology
during ExCEL Fest 2011 and discussions took place to look into the added advantage of using iPads and the
Plants@NP app out in the field. This collaboration was due to the fact that NYGH was running a pilot project
with students using iPads actively as a learning device in class. There was also interest in this collaboration so
as to explore the feasibility of using iPads for learning out in field conditions.

Nine students of one of the pilot classes were involved in groups of three to gather data on plant species from
an allocated zone at Sungei Buloh Wetlands Reserve. Each group was tasked to gather information and data
of mangrove tree species along a line transect of 15 metres oft an area of the boardwalk route towards the
waterline of the coast. All entries were submitted to the Plants@NP database, peer reviewed and fine-tuned
by group members. Student researchers were also able to collate and present the data collected (using the
Numbers app and a generic graphing app) to illustrate the state of biodiversity and any significant human
impact of the boardwalk activities on the mangrove trees in that region.

Through this learner-centered activity of learning through exploration, collaboration and reflection, students
are engaged with plant taxonomy and identification in a way that transforms their interactions and modes of
exploration, thus deliving a richer learning experience overall. Above all, students have developed a deeper
understanding of the basis of classification of plant groups and the association of species in natural vegetation
based on features of flowers, fruits and leaves used for taxonomic purposes.



Case Study 2:

Rocket Science

For homework a student uses the iPad to access the class’ Physics Edmodo page and download the materials
for the lesson. She reads this before coming to class and so has a good understanding of the lesson before it

begins.

The lesson is conducted in the school field and involves launching water rockets to investigate the forces
acting on the rocket and Newton’s Laws of Motion.

Using the built in sensors of the iPad with the App ‘Clinometer HD), the students are able to measure the
angle of inclination of the rocket launchpad.

Launching the rocket

Students use the iPad to take photographs and videos of the whole
process as a way of document the experiment.

Videos of the rocket flight are opened in the motion analysis app
Vernier Video Physics. This app allows the students to mark the
position of the rocket on each frame of the video. The app then
creates distance-time and velocity-time graphs of the motion.

The students then create a presentation using Apple’s Keynote app.
This would involve putting together the images, videos and graphs
that they had obtained, summarising their findings of the day and
answering the questions that were posed in the worksheet.

All of the presentations would be uploaded to the Edmodo website
so that students could view all of their peers work. Selected groups
would also be asked to connect their iPads to the projectors and
present to the class.
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Nanyang Girls’ High School

The Humanities Programme at NYGH

Nanyang Girls’ High School — Miss Sarah Birchwood, English Teacher

“The Humanities provide multiple lenses to help students understand our world. They equip students with
critical thinking and communication skills as well as global perspectives to become confident persons, active
contributors and concerned citizens. Indeed, these skills are crucial in enabling our students to navigate the
complexities of a rapidly changing world.”

— Mr Heng Swee Keat, Minister for Education, 30 May 2012

Harnessing Talents

The Humanities Programme (HP) is a flagship programme under the umbrella of the Nanyang Talent
Development Programme (3R+). This well-established and highly popular programme seeks to leverage on
both students’ interest and talent in the Humanities and offers a specialized platform for students to optimize
their capabilities. These students are specially selected at Upper Secondary and given further opportunities
to develop and grow their potential through the following key features:

1. A customized curriculum in key humanities subjects: Advanced Literature (HP), Advanced History/
Advanced Geography.

2. Specially designed Philosophical Inquirylessons every two weeks designed to compliment other disciplines
such as Language Arts.

3. Differentiation and acceleration to cater to the needs to high ability students.
4. An empbhasis on research, subject mastery, critical thinking, comparative tasks and higher order thinking skills.

» Opportunities to take part in enrichment activities such as the Moot Parliament Programme and GEB
Literature Seminar.

 Preparation for the Humanities Programme at Hwa Chong Institution.
+ A strong foundation for H3 Humanities at GCE A-Level.

Framed around Essential Questions the specially tailored curriculum allows for refined differentiation and a
nuanced application of curriculum and assessment designed to inspire, challenge and enable at every stage of
development. As students progress through Upper Secondary, the programme seeks to harness and nurture
independent learners, developing their talents beyond higher-order thinking skills and subject mastery to
the application of learning, both intellectual and emotional, to become agents of change within Singapore
and beyond.



'Throughout my four years in Nanyang, | have realized that | really enjoy the Humanities, as it allows me
to think creatively and critically as well as to reason. | also feel that the environment in HP has been very
conducive for me, with the smaller class size and vibrant learning environment.'

— Kang Shiyue, Nanyang Girls’ High School HP

Inception of the Programme

The programme was implemented in 2008 following a comprehensive needs analysis. In 2007 the English
Department Heads conducted a benchmarking exercise across six selective and high-performing schools
in Melbourne and Sydney. The report recommendations were reviewed alongside an internal scan of the
school’s own needs and incorporated into NYGHs four year strategic plan. A key outcome was the creation
of a structured Talent Development Programme to facilitate the early identification of talent, attracting
students with both aptitude and interest. As such the Literature Mentorship Programme was initiated in
2007, followed by the first cohort of the Humanities Programme in 2008.

Under the leadership of English and Humanities Heads, the teachers deployed to the class comprise those
with strong subject knowledge and expertise in their subject fields. Since its inception, the programme has
benefited from a unique blend of experience and innovation from both a local and global perspective. The
educators have included Senior Teachers, an external Educational Consultant from the United States and
an expatriate teacher from the United Kingdom. All HP teachers are trained in teaching gifted learners and
have completed the MOE’s Foundation Certificate in Gifted Education (FCGE) as a baseline.

Stringent Selection

Selection for the Humanities Programme class is a thorough and considered process. Students are selected on
the basis of academic results, teachers’ recommendations and interview. Particular attention is paid to those
with strong results in Language Arts and Combined Humanities (History and Geography). The interview
stage seeks to identify those with the potential to excel in the humanities subjects and looks for flexible,
creative and critical thinking rather than content knowledge. Prior involvement in targeted talent strands
such as the Literature Mentorship or the Humanities Programme Class at Secondary Two is also taken into
consideration.



=@

Successful students comprise one class of about 25 students and study a differentiated curriculum in the core
humanities subjects. Alongside the curriculum, the assessment is also diftferentiated. For example, Advanced
Literature examination questions are comparative across literary genres. Students also study a maximum
of two science subjects, alongside Mathematics and Chinese. Thus, opting for the Humanities Programme
does not preclude the possibility of studying sciences at Junior College. In this way, the school seeks to give
students as much flexibility as possible whilst remaining true to the goals and objectives of the programme.

‘What | find the most attractive about HP is the learning environment. | think that learning with a group
of like-minded peers creates an environment that in which thoughts and opinions can be raised and freely

discussed.
— Jordan Ong, NYGH HP 2012-13

Student Enroliment

2008 - 2009 - 2010 - 2011 - 2012 - 2013 -
2009 2010 2011 2012 2013 2014

Cohort

NYGH Humanities Programme Annual Intake

Key Performance Indicators
The Nanyang Humanities Programme has a strong track record of achievement and our

Humanities Programme alumni have gone on to success in many fields.
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2008 2009 2010 2011 2012
MOE Humanities Programme Scholarships 8 9 17 10 17
Total Awarded
MOE Humanities Programme Scholarships N/A N/A 12 9 13
NYGH HP Students

MOE Humanities Programme Scholarships (Pre-U) Awarded 2008-2012

Beyond MOE scholarships, our Humanities Programme students have also performed well in external
competitions at Upper Secondary such as the Commonwealth Essay Competition, the UNSW International
Competition and Assessment for Schools (English) and at the annual Gifted Education Branch Literature
Seminar.

Ng Xin, Humanities Programme 2012-13.

Medal Winner, UNSW International Competition
Assessment for Schools (English)




& =5
=@

‘The past two years in Nanyang HP have given me many unforgettable learning experiences that have given
me the conviction to pursue the humanities as a vocation. After two years | have come to appreciate the
beauty and significance of the humanities.

— Teo Min Ru, NYGH HP 2012-13

A mid-term key indicator has been the consistently strong performance of Humanities Programme students
in university entrance and scholarship applications including Public Service Commission Scholarships in
Economics, PPE and Law and the President’s Scholarship 2012. Furthermore, our Humanities Programme
alumni regularly gain entrance to top universities worldwide including Oxford, Cambridge, Yale and
Princeton.

2012p §C
PS5 AWARD
CERE MU,

SICHOLARS

Dileen Ee Alicia Tee, President’s Scholar 2012

(NYGH Humanities Programme 2008-09) (2008 - 2009 NYGH Humanities Programme)

Dileen is currently reading Economics at The President’s Scholarship is the most prestigious scholarship
Princeton University on a Public Service awarded in Singapore. As a member of the Humanities Programme
Commission Overseas Merit Scholarship. and President of the Student Council, Alicia demonstrated

outstanding academic and leadership prowess during her time at
Nanyang. Alicia is now reading Political Science at Yale University.



‘The Humanities Programme has made me a more engaged and empathetic member of society. | take
the opportunity to learn about people from around the world and have learnt to reflect on how much we
have come to understand the world and how much more there is to find out about. Indeed, | am constantly
surrounded by classmates who are as interested in our society as | am.

— Lee Jing Ning, NYGH HP 2012-13

The NYGH Humanities Programme strives to produce forward thinking, creative and critical thinkers
equipped not so much with 21st Century competencies but rather mastery thereof, ever mindful that the HP
students of today will be the global leaders of tomorrow.
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4.1 (FVERYERE Ty 609 B FaF4EMX)  (Self Assessment on Critical Thinking) YA E FFIAT
8 “Ae R 4B R LB B YA S KK (Cahfornla Critical Thinking Disposition Inventory) Fir
B BL P L B LA G A AFAE A AR, BRT AT A AYIE R i Ce RN BT AR
AT TRGRK . S ARMRFARSEGARLREL il;f’f'u’ KNI Ii%\fﬁ%ﬁ?@‘iﬁ!ﬂ X B9 AR
M2, AFANREFAEL T O AAR B, AR R A g TP TR ARS8
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L FaE Bl 200 5] 55 £ VAR P 89 77 KA T RAA ik 5, MA. RE. Bi&X. EE, #H, #©
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WRAITEC
What (RPTHLEGIRS ZAT A7 )
Reason (fRiX XA FTARIE? IEFEHEH D7 )
Assuming (& & ZAREH LREK? )
Inferences (Mﬁ)ﬁmiﬂ 89 LT A EAR A9 B A I T? )
True (& &2 5 EH? &MT#QDE'E—#EI'? )
Example (A fTIESET A X HF R 57 )
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B, PR E L R A AR E RS2 R

1 #4f California Critical Thinking Disposition Inventoryi%it; Hi4b: http://www.liberalarts.wabash.edu/assessment-
notes-cctdi/

2 MR R &35 — 11" Cognitive Maturity” fONMRHE, FELZIIY IR K G BB K,
DRI AEFRAT Tt i At B AR R 0 1) B FRVFAR IR o, FRATARA AFIRGA L O AR


http://www.liberalarts.wabash.edu/assessment-notes-cctdi/
http://www.liberalarts.wabash.edu/assessment-notes-cctdi/
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6. f-  RARARGEES BRTREEE SR, 1 2 3 4 5 6 7
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11. d  HRAAARERZRKRETHEB R, 1 2 3 4 5 6 7
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14. e RIEA RGN EHE N A 0 MER BB A E 6 H] T, 1 2 3 4 5 6 7
15,  d+  AMBERMREERKER LA, /A RGHE, 1 2 3 4 5 6 7
16. f+  BRATIRY, RERXATR®LS I — kit 5k, 1 2 3 4 5 6 7
17. e+ RARDE LR D) A, 1 2 3 4 5 6 7
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20. e WHEXEZXE, ZREGEAIORILZIL, RE—HEHNFE, 1 2 3 4 5 6 7
2. b+t RAB TR BE, 1 2 3 4 5 6 7
22. a-  LERAFIHTHEERN, RELZAIEZLENEN, 1 2 3 4 5 6 7
23,  d REZFEAMEEME, TAVEF ST IR, 1 2 3 4 5 6 7
24. - RAAKREZELEZ BRI SR, BAX KRR EAWE £ A, 1 2 3 4 5 6 71
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Nanyang Girls’ High School

NYGH Backyard Project

Nanyang Girls’ High School, Experiential Learning Department —
Mr James Ong Beng Kooi, Ms Natalie Teng Yueng Shan, Mr Lim Cheng Puay

The Nanyang Backyard project is the creation of an outdoor learning space incorporating elements of
outdoor learning, environmental education and experiential learning. This space aims to provide opportunities
for students to develop themselves in the physical, sensory and affective domains. The Nanyang Backyard
was set up based on the principles of sustainability and through instilling a strong sense of ownership with
various stakeholders. Through a better connection with nature and the environment, we hope to achieve a

more holistic development for our students.

Introduction

The Nanyang Backyard project is the creation of a outdoor learning space incorporating elements of outdoor
learning, environmental education and experiential learning.

This initiative started as a collaboration between Nanyang Girls’ High School and the WOW Kampung from
Ground Up Initiative Singapore (http://www.groundupinitiative.org), positioning Nanyang to be the first
school in Singapore to create a space that integrates experiential learning, character education, environmental
education and multidisciplinary collaboration.

This project was made possible by the generous donation of a seed fund of S$5000 from the graduating
batch of students of 2012. This gesture is good example of the Nanyang spirit on creating a sustainable and
enduring legacy for future batches of students.

The 12m x 12m space was designed to allow free access for all staff and students for a variety of activities.
It has the capacity to hold a class of 30 students for an outdoor learning lesson and serves as a place for
recreation after lessons. Over 20 species of plants were planted, transforming the space into an outdoor
learning platform. With introduction of plants, the biodiversity of the place has increased. There are now
more insects and birds visiting the area. The intent of the space was to allow a close proximity with nature
and encourage interaction with the environment.

Need for an outdoor learning space

In the current digital age, there is a strong emphasis on leveraging on technology for teaching. This is a real
need given the pervasiveness of technology in many aspects of our students’ lives. Technology can enhance
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the learning and teaching process. Many hope that using technology in the classrooms can enable students to
be adaptable and relevant to future changes (Daipi 2012).

One consequence of the digital age is the loss of connection with the natural environment, an observation
which prompted Richard Louv to coin the term “Nature Deficit Disorder”. One of the causes of this loss of
connection is competition for attention from electronic media (Louv 2009). This has environmental, social
and psychological implications. For example, studies show that disconnection with the natural environment
results in a higher tendency of depression, hyperactivity, boredom and loneliness (Jardine 2010).

As educators, we know that the holistic development our students is a multifaceted endeavor. It is equally
important to consider the holistic development of the children in other areas of intelligence and faculties.
Besides cognitive development in the classrooms, we need to provide opportunities for students to develop
themselves in the physical, sensory and affective domains.

This need for interaction with the natural environment for young Singaporeans was also articulated by Mr Tay
Kheng Soon, an acclaimed local architect. In an interview with the TODAY newspaper, Mr Tay commented
on what it takes to design for resilience for young Singaporeans (Lee 2013). He said:

“Thus, 1 am concerned for young Singaporeans growing up in a concrete environment,
deprived and therefore fearful of natural things. | fear they deprive themselves of
developing instincts that would serve them well, directly or indirectly.

If these natural impulses are present, people will see things more holistically, rather than
as separate entities which make them easily dictated to by the imperatives of today’s
urban industrial culture — like being strapped to jobs they don’t enjoy, tied to heavy
mortgages, stressed out by children’s school woes, and needing distraction through lots

of retail therapy.” (Lee 2013)

His observations highlight the issues that the Nanyang Backyard Project hopes to address.



The Nanyang Backyard Project serves to achieve the following objectives:

To provide a learning space for staft and students to EXPERIENCE, LEARN and ACT. (Enabling Nanyang,
Growing Nanyang, Inspiring Nanyang)

1. EXPERIENCING - actual hands on experience (Enabling Nanyang)
a. To foster habits of meaning-making through experiential learning and reflection

b. To use the space for meaningful outdoor experiences and learning with the intent of positively influencing
individual growth and improvement in social skills. (affective and cognitive)

2. LEARNING - content development, skill building (Growing Nanyang)

a. Create opportunities for multidisciplinary collaboration and learning (affective and cognitive), enhancing
current academic content

b. Build social skills and competencies through outdoor education programmes (e.g. social enterprise skills)

3. ACTING - inculcating values, attitudes and forming habits (Inspiring Nanyang)
a. To develop a sense of self-worth, rootedness and connectedness
b. To acquire attitudes of care and concern for others and environment

c. To create and maintain healthy, positive, sustainable relationships between people and the environment

Design Concept of the Backyard Project

The Nanyang Backyard was set up based on the principles of sustainability and through instilling a strong
sense of ownership with various stakeholders. Working with our partner, WOW Kampung, Nanyang staft
and students learnt the basics of planting herbs and how to create built structures and scaffolds for plants.

Through the process, we used recycled items such as discarded timber and old furniture. We were fortunate
to acquire wood donated from Resort World Sentosa for the construction of the garden. During the building
of Resort World Sentosa, the wood from the cleared forest was collected and kept in their nursery. This wood
was kindly donated to the Backyard Project and used for various structures such as the trellis for climbing
plants and laying of pathways.
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The actual space puts into consideration various key elements such as harvesting of rainwater to decrease
flooding, putting in plants for multisensory interaction, growing native plants for education about our natural
heritage and also sharing about how we grow our food.

Using the space for placed based learning

Since its opening in August, various groups of staff and students have been actively using the space. In less
than 2 months of its opening, a variety of outdoor learning lessons, such as talks on marine conservation,
composting lessons, academic lessons as such Integrated Humanities lesson on fairtrade had been carried
out.

We are glad to share some of the reflections and feedback from students and staft who have used the space.

Student reflections:

“l feel that the Backyard Project is particularly significant in our school as it provides a space for students to
interact with nature and come to appreciate the other living things that exist in our land, an opportunity that
is rather rare in our fast-paced modern lives. In helping out with maintenance duties in the garden, | have felt
myself grow closer to the earth, by having a stake in this space that we all care for together. The delight of
unearthing an earthworm, seeing a toad hop by, or have our teachers hiss at us to look at the hornbill across
the road; is just an instance of the simple yet forgotten pleasures in life. By being constantly reminded of
what is at stake and what we stand to lose, remaining in contact with nature is paramount in keeping our
passion for environmental conservation alive.”

Feedback from staff:

“] feel that students can learn better with an authentic learning experience when they have to use actual
tools of the trade... The fact that the students are not structured into a neat package of learning means
that students are forced to learn by themselves. This in itself is authentic and students will be intrinsically
motivated to learn.”

Moving forward

The Backyard project is still in its infancy stage. There will more plans to collaborate amongst different
disciplines to design and implement more placed based learning activities. We also hope to launch more
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student-initiated projects such as documenting the biodiversity of the area or exploring how food is grown
and harvested.

We also would like to take this opportunity to invite our partners to visit the place or to design more placed
based learning lessons together.
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Characterising good extension activities
for a high-ability year-9 mathematics set

The Perse School, Cambridge, United Kingdom — Dr Holly Hedgeland

The research aims to identify trends to guide the selection of extension activities that produce significant
benefit whilst minimising negative impact on the motivation of less able members of the class. In the first
part of the study, two extension activities were carried out. For each activity, exercises were marked to give
quantitative data on the students’ progress and questionnaires were completed by the students both before
and after the activities to gauge the impact on the group’s attitudes to learning. The second part of the
study sought to gain a greater understanding of the motivation of the students undertaking extension tasks
by giving free-choice between three activities, with the students completing a questionnaire afterwards to
give their perception of the activities and the impact of them on their wider enjoyment of mathematics and
confidence in the subject. It is concluded that the perception of both extension activities and mathematics
as a whole appears to be based upon the students’ wider impressions, rather than easily influenced by
individual sessions.

Literature Review

There has been extensive debate concerning the best approach for students showing a high-ability in
mathematics, and the concept of ability itself remains controversial. We are not seeking to enter into that
latter argument here, but instead accept that, at any given point, some members of the group will engage
more quickly with tasks and more easily progress to higher levels of learning. If we take Bloom’s taxonomy as
a structure for these levels (Krathwohl, 2002), then recent work by Smith describes well an experience with
which many teachers will be familiar when seeking to encourage pupils to move beyond merely applying
rules to greater analysis and creativity (Smith, 2012).

The “acceleration versus extension” debate surrounding the best approach to encouraging development in
mathematics has also proved divisive, although a useful review of the possible virtues and pitfalls associated
with both approaches was published by White et al. under the Local Government Association educational
research programme (White et al, 2003). Recent publication of a comparison of the mathematics skills of
school children in England and East Asia (Jerrim and Choi, 2013), does also suggest that a certain amount
of what we consider to be acceleration might constitute a “normal” pace elsewhere. Hence a balance between
moderate acceleration within the national context, and a programme of extension activities, could provide a
stronger approach than either acceleration or extension in isolation. Although this research considers only
classroom-based extension, an interesting complementary study of out-of-school programmes for this age-
group has recently been made by Feng (2010).
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Research Question
2.1 Research Objectives
In seeking to answer our main research question,

“What characterises a good extension activity for a high-ability year 9 mathematics set?”,

we need to expand further on the meaning of “good” within this context. For the purposes of this research,
the following aspects have been considered:

« What is an appropriate level of extension activity?
« How is the group’s confidence affected by extension?

o Which methods of delivery maximise positive impact?

2.2 Research Implementation Process

In the first section of the research, two different extension activities were chosen in topics where the group
had no significant prior knowledge but was able to progress from a basis of established skills and techniques
through a number of levels of increasing complexity. The learning outcomes were assessed quantitatively in
order that the students’ progress could be compared with a benchmark data set of the results from recent
year-wide tests. For both activities, qualitative survey data was also used to monitor pupil perception of the
extension tasks and their impact on attitudes to learning, with questionnaires being completed before and
after the activities in order that changes could be mapped accurately.

The first activity was teacher-led, aiming to develop the students’ skills in sketching graphs of quadratic
functions, starting with the application of familiar techniques to find intercepts and developing the method of
completing-the-square to locate the turning points before finally making a sketch of the quadratics. Exercises
to practice completing the square and sketching curves were then completed individually in class, with a
further set for homework. The homework exercises were taken in and marked to provide quantitative data
about performance in this activity.

In the second activity, the pupils worked through a guided booklet studying the gradients of curves and their
tangents, leading to some basic ideas connected with the derivative of a function. The activity was presented as



an investigation, and collaborative work with peers was encouraged. Two teachers also circulated throughout
the activity to provide assistance and further discussion of the topic. The investigation booklet concluded
with a page of exercises based on the material introduced through the earlier narrative. The marks from these
exercises provide the quantitative assessment of the students’ progress in this activity.

A second section of research then sought to explore the students’ motivation within extension work and the
effects of granting autonomy. The students were offered free-choice of three extension activities, which were
carried out in the next double lesson:

o Learning about permutations and combinations, taught in a small class group;
o A computer-based lesson on sequences and series using myMaths lessons and tasks;

» Investigating complex numbers and fractals using a worksheet and spread sheet from the Royal
Institution Maths Masterclasses.

The three topics had been chosen to be of approximately equal demand, but with different methods of delivery.
No quantitative assessment was made of the pupils’ progress with the activities but, in the following lesson, all
were asked to complete a questionnaire to look at the motivation of their choice and reaction to the activity.

2.3 Research Target

Exceptional ability students are necessarily taught with less able peers, even within generally high-ability
groups. The choice of extension activities must be made carefully if the potential of the most able is to be
realised without creating a negative experience for the less able.

In a class with a significant fraction of exceptionally able students (over 25% receiving Mathematical Olympiad
medals in the current year), there is a clear need to develop beyond the typical Year 9 scheme of work if these
students are to maintain their interest in mathematics and fulfil their potential. However, not all students in
the set fall within this category and experience informs that some extension activities and methods might
not be to everyone’s benefit. The aim is to foster the perception that extension is interesting, although may be
challenging as an activity that is so difficult as to be demoralising is not at an appropriate level.
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As the school has an additional intake at Year 9 from a number of local preps, we must be aware that the
students have a variety of previous learning experiences. The recent conversion of the 11-16 section of the
school to co-education has also resulted in 15% girls within the class, somewhat below that of the wider year-
group. Whilst it would be difficult to consider this small group separately with any statistical certainty, we
should remain sensitive to any apparent disparities between the reactions of this group and those of the class
as a whole.

Research Results and Analysis

The first activity, curve sketching, appears to have had little effect on the attitude of the class towards
mathematics, or their perception of whole-class extension activities. The questionnaire that the students
completed asked them to state on a scale of 1-4 how happy they felt in advance of, and during, maths lessons;
the results are shown in Figure 1a for the surveys conducted before and after the activity. Figure 1b shows
the variation in perception of whole-class extension work, also on a 4 point scale, ranging from “very easy”
to “very hard”. The scores in the marked exercise are shown in Figure 1c, plotted against the students’ results
from recent year-wide progress tests. Here little correlation is noted, with a large number of very high marks
in the extension exercise, but with a not-insignificant few achieving a relatively poor result.
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Figure la. Showing the class’ attitude towards maths lessons  Figure 1b. Showing the class’ perception of extension work
before and after the first intervention, with happiness with  before and after the first intervention, with the difficulty of the
mathematics marked on a four-point scale from “unhappy” to  work marked on a four-point scale from “very easy” to “very
“very happy”. hard”.
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The second activity produced a similarly small shift in the attitude of the students towards mathematics and
their perception of extension work. The differences seen in Figure 2a are due to a small number of absences
on the day of the survey rather than a significant alteration in the overall shape of the distribution of the
responses, with a similar pattern also seen in Figure 2b.
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Figure 2a. Showing the class’ attitude towards maths lessons  Figure 2b. Showing the class’ perception of extension work
before and after the second intervention, with happiness with ~ before and after the second intervention, with the difficulty of
mathematics marked on a four-point scale from “unhappy”to  the work marked on a four-point scale from “very easy” to “very
“very happy”. hard”.
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Figure 2c¢ is rather more revealing than might be expected from the students’ relatively unchanged perception
of extension work. The marked exercise formed the final section of the booklet that the students had been
using to guide them through their investigations. The students were told that this section of the work would
be collected and checked, but that the marks would not “count” as feedback to them would be in terms of
comments rather than a score. Some students, who had made less progress during the activity, were hence
content to hand in fairly incomplete work and we see a significant scatter of marks as a result.

As the second section of the research projects involved looking at the students’ motivations when faced with
a free-choice of activity, it is first interesting to note the numbers selecting each option:

Delivery Method Participants
Permutations & Combinations Taught small-group 3
Sequences & Series Computer-based 11
Fractals RI Masterclass 11

Table 1. Uptake of the three free-choice activities.



The students were asked to select the most important factor in their choice of activity from a list of five
options. The responses are shown in Table 2, separated by activity, with the numbering following from that
given in Table 1.

Most important factor in choice of activity | Activity 1 | Activity 2 | Activity 3

Perceived level of challenge 3 1 2
Medium of delivery 0 2 1
Topic of the activity 0 3 7

Opportunity to work with others 0 0 1
Choices of peers 0 5 0

Table 2. Showing the factor deemed by the pupils to be the most important in their choice of activity, subdivided to show variation
by activity chosen.

Finally the students were asked to say whether the activity they selected has affected their confidence in
mathematics. The responses can be summarised:

Confidence Increased Confidence Unaffected Confidence Decreased

7 15 4

Table 3. Summary of responses to being asked to state how the activity has affected the individual’s confidence in mathematics.

Returning to the first activity, and Figure 1, it appears that on the whole the uptake of the material was good,
with most pupils finding it accessible. There is no significant change in attitude caused by the activity, although
a small shift is seen towards finding extension work easily approachable. Anecdotal evidence suggested that
that not a few of the low marks in the quantitative section were caused by students having disengaged from
putting their usual effort into the work due to close proximity to the Christmas holidays and the fact that the
work was acknowledged to be extension. It is hence concluded that the topic was at an appropriate level but
that alterations to its delivery might have helped to keep the whole class fully engaged. In part, this outcome
led to the use of an “investigation” style for the second activity, and the development of the second section of
the project to consider the students’ motivation in more detail.



The second activity, as an investigation, allowed the pupils much more scope to proceed at the pace they
desired. Some highly-motivated and able pupils completed the work within the allocated double and were set
further extension tasks to consider by the members of staft circulating around the group. Notably, some other
pupils found the investigation very challenging and asked for a reasonable amount of assistance from the
staff: these pupils might have found greater benefit had the activity been more teacher-led as they struggled to
progress to the higher levels of learning encouraged by the investigation format of the activity. A third group
made very slow progress, spending a disproportionate amount of time on the early stages of the investigation,
and so spent little time attempting the marked questions. It was this group that therefore produced some of
the lowest scores, appearing to lack the motivation to work through an multi-stage task requiring a variety of
skills for a reasonably extended period.

The survey of attitudes does not necessarily reflect the diversity of responses seen as there was once again
little alteration in the students’ reported perceptions and attitudes after the extension class. The level of this
activity was higher than the initial one but the students were not given the impression that they were being
tested on the material (work was returned with comments but not numerical marks). This removed the
potential demotivating factor of performing badly, but simultaneously also acted to lower the motivation of
some of the students to complete the activity.

From the first two activities, it is clear that student motivation has a very direct impact on their progress,
although not necessarily on their perception of the task. The second section of the project was therefore
developed to explore further their choices and reasoning. By giving the option of three activities of equal
difficulty but different methods of delivery, it is hoped to gain an understanding of the role choice plays in
motivating the pupils as well as seeing the effects of the choices being made by their peers.

Although no assessment was made of the students’ performance in the tasks, it was noted that most of the
weaker students, who typically struggle the most to maintain focus, chose the computer-based activity; the
RI Masterclass activity appealed to the majority of the rest of the class, including all the girls, who seemed to
very much enjoy working together as a group. It was somewhat surprising that just three students chose the
small-group taught class, but may be worth noting that this group included the two top-scorers from this
year’s Olympiad. It would be interesting to explore further whether this preference for teacher-led activities
was repeated amongst those with high marks on other occasions, even if the perceived level of challenge was



their nominal motivation. The majority of the students were content with their choice of activity although a
number of those choosing the Masterclass noted that they found the topic contained some difficult concepts.

These observations should also be placed in the context of the reasons given by the students as having been
most significant in their choices. The choices of peers played a major role in influencing the group choosing
the computer-based activity and the data suggests that one or two boys, keen to use the computer, took a large
group of friends with them.

The Masterclass group show a strong motivation by the topic of the activity which hints at a basic interest
in aspects of the subject that can dominate over other factors. Perhaps it is this same interest that caused
the perception and attitude data to be little influenced by the first two interventions and betrays a valuable
enthusiasm within a significant section of the class that deserves to be nurtured, regardless of whether the
individuals concerned are currently the very top performers. It is to be hoped that allowing the free selection of
activities, granting the students some autonomy in their learning, did help to promote this goal. Interestingly,
over a quarter of the class felt that their chosen activity has benefited them with improved confidence in
mathematics which suggests that individual extension activities produce small changes in perception, which
are not easily detected on a coarse four-point scale, but have a cumulative effect on attitude to learning. It
would be interesting to develop this research further by following these small changes over a longer period
of time as further extension work is undertaken.

Proposal

In terms of the specific activities, the first, curve-sketching, was well-suited to that stage of the year and could
easily be tweaked to improve the engagement of some members of the class. To some extent, we might need
to take a longer term view of the success of the second activity, introducing the derivative, as any benefits of
this groundwork may only become visible in assessment outcomes when calculus is returned to formally.

The work to understand the students’ motivations confirmed a good number of ideas that on-going
observation of the group had suggested and some of the peer pressures that exist within it. Questionnaires
were used rather than a focus group in order to keep the quantity of data manageable, but perhaps the quality
of the feedback suffered as a consequence. Interviews with a focus group would certainly have allowed for



additional perspective to be gained in more complex areas such as how the motivation and perspective of the
girls varies from that of the boys and would be a useful way to develop this research further, along with the
other possible areas for development suggested both previously and below.

Conclusion

In summary, the students’ perceptions of mathematics seem remarkably robust to the experience of individual
extension activities, instead reflecting the totality of their experiences of extension to date. Inevitably,
perceptions and attitudes are influenced by many external factors and the students’ wider background. The
time scale of this research is perhaps therefore rather too short to see any significant impact from the extension
programme as a whole. It might be more useful to look at the on-going progress of the set, for instance in
terms of the number going on to A-Level Further Mathematics and beyond, although disentangling the role
of Year 9 extension in this would become very challenging.
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si The use of Microcontrollers in the SST Curriculum

S A School of Science and Technology, Singapore —
TECHNOLOGY. SINGAPORE Mr Tan Hoe Teck, Aurelius Yeo Jien Yoen, Dean Ang Ngee Keng, Loh Kwai Yin

Microcontrollers such as Arduino and Raspberry Pi devices are increasingly popular teaching tools used in
the curriculum. The School of Science and Technology, Singapore (SST) is actively infusing these devices
into their Investigative Skills in Science (ISS) module as part of student’s exposure to Applied and Industrial
Research. In 2013, Arduinos and Raspberry Pis were introduced into the ISS module and the results of
the implementation was evaluated. Based on the teacher observations, the student research reports and
surveys, we were able to identify a few key ideas. There are implementation issues that needed addressing,
such as the issues of training. However, we have also found that students were welcoming of the change
and hoped for a more pervasive implementation either within subjects or as a standalone subject by itself.
These devices offer the students an opportunity to adopt a more hands-on approach towards learning such
as constructing devices through circuit making and basic programming.

Key words: Arduino, Raspberry Pi, Microcontroller, Applied Learning, Applied Research

1. Introduction

SST is a specialised independent school set up by the Ministry of Education Singapore to cater to the needs
of the 13-16 years old who are interested and talented in the areas of Science and Technology. The mission
of SST is to “Develop World-ready and Future-looking Leaders through Innovative Technology and Applied
Learning” (SST, 2013). Specifically, SST aims to train their graduates in a distinctive way such that there is
emphasis on both the technology as well as pedagogy.

1.1 Applied Learning

The applied learning pedagogy guides SST teaching and learning process so that the curriculum is delivered
within a relevant real-life context. This is to ensure that learning experiences are coherent, challenging and
aimed at developing the full range of student capabilities and talents. (SST, 2013) which is in line with the
current emphasis of the Ministry of Education on Applied Learning (MOE, 2013). In a recent press release,
MOE emphasised that “the Applied Learning programme will serve to connect academic knowledge and
skills with the real world”. It further elaborated that “the emphasis is on the application of thinking skills,
connecting knowledge across subject disciplines, stretching the imagination and applying these in authentic
settings in society and industries” so as to “help students appreciate the relevance and value of what they are
learning in the academic curriculum and develop stronger motivation and purpose to acquire knowledge
and skills” (MOE, 2013).




1.2  Applied Learning Curriculum in SST

Within the school, a strong emphasis has been placed on the use of Applied Learning for the academic
programme. Applied Learning is pervasive in all the learning in the school. It covers both content as well as
pedagogy and involves the formal to the informal curriculum.

From the content perspective, our Upper Secondary (grade 9-10) students are given the opportunity to be
able to study an Applied Subject offered by the polytechnics. They include Biotechnology, Fundamentals of
Electronics, Design Studies, and Media Studies. These courses are offered as part of the National Ordinary
Level curriculum for students.

From the pedagogy perspective, all the academic subjects adopt the six facets of Applied Learning when
designing the curriculum. During the evaluation and review of curriculum, all the teaching materials and
approaches are evaluated in terms of the six facets of Applied Learning.

Within the formal curriculum, the school has made provisions for a module in Science to incorporate an
Applied Learning component. In particular, the students would take 5 science modules in Lower Secondary
level and 1 module on the applications of science through the Investigative Skills in Science (ISS) module. In
the ISS module, students put their learning into action by suggesting their own project to be carried out as
a capstone task. The students are allowed to choose whatever research topic that they want to do for this ISS
module.

In the informal curriculum, the school also offers co-curricular activities that adopt an Applied Learning
approach. In particular, the Science and ICT talent development programmes (TDP) were set up in 2012 to
cater to the needs of talented students in the areas of Science and Technology. The Science TDP was to cater
to students who like to tinker with hardware while the ICT TDP was to cater to students who like to tinker
with software systems.

1.3 Makers Movement

Libow (2013) claims that the Maker Movement is a technological and creative revolution underway around
the world. The Maker’s Movement overlaps with the natural inclinations of children and the power of



learning by doing. Embracing the lessons of the Maker Movement holds the keys to reanimating the best, but
oft-forgotten learner-centered teaching practices. This makes the Maker’s Movement a suitable approach to
reinvent our education. Ironically, this is what students learn best at when they are young. The traditional
school has ignored this tool and replaced it with the didactic approach, which may cause the students to loose
interest in learning.

According to Libow (2013), the general lessons learnt from the Maker’s Movement included: (a) “Doing”
is what matters; (b) Openness; (c) Give it a go; (d) Iterative design; (e) Aesthetics matter; (f) Mentoring
defies ageism; (g) Learning is intensely personal; (h) It is about the technology; and (i) Ownership. These
skills highlighted fall nicely in place with the 21* century skills, which place emphasis on critical thinking,
creativity, communication and collaboration. To achieve these goals requires taking a hard look at both what
we teach and how we teach.. The Maker Movement offers lessons, tools and technology to steer a new course
to more relevant, engaging learning experiences for all students (Libow, 2013).

The Makers movement is gaining popularity in US schools (Roscorla, 2013). Superintendents and teachers
are trying to make it pervasive such that no students will be denied the opportunity to “make” or “tinker”
with tools and materials. The Makers Education is a grassroots process and not a top-down mandate from
the ministry of education. The districts (in US) provided the support for teachers who are interested, but each
school and teacher will decide what making things will look like in their own classrooms (Roscorla, 2013).

Hence, the Makers’ Education is still an unformalised curriculum which has yet to be incorporated into the
mainstream education. The current situation offers many opportunities for educators alike to explore the
unchartered terrain so as to create new possibilities.

1.4 Arduino

The Arduino (2013) can sense the environment by receiving input from a variety of sensors and can affect
its surroundings by controlling lights, motors, and other actuators. The microcontroller on the board is
programmed using the Arduino programming language (based on Wiring) and the Arduino development
environment (based on Processing). Arduino projects can be stand-alone or they can communicate with
software running on a computer (e.g. Flash, Processing, MaxMSP). The boards can be built by hand or
purchased preassembled; the software can be downloaded for free. The hardware reference designs (CAD
files) are available under an open-source license, where anyone is free to adapt them to suit their needs. The



Arduino can be considered as a cheap data logger and micro-controller, which can perform the functions of
most commercially available microcontrollers but at a fraction of the price.

1.5 Raspberry Pi

The Raspberry Pi (2013) is a credit-card sized computer that plugs into the TV and a keyboard. It’s a capable
little Personal Computer (PC), which can be used for many of the things that a desktop PC does, like
spreadsheets, word-processing and games. The Raspberry Pi also plays high-definition video. It is a useful
device for kids to learn programming at the simplest level. As a standalone computer, which has size (small),
energy consumption (low) and cost (low) advantages, it has the potential to be used as a long term monitoring
device instead of a full size computer.

In this paper, we will refer to Arduinos and Raspberry Pis as the devices. Although Arduinos and Raspberry
Pis are different devices, they share some similarities such as low cost, portability, simple to use, and have
potential for implementation in the curriculum.

1.6 Research Question

The motivation for the use of these devices in SST curriculum was motivated from students rather than the
school or teachers. The students, being more aware than the teachers in technology related devices, first
initiated the Arduino as a possible platform for engineering projects in the ISS module as well as in the
science and engineering competitions. In particular, a student used the Arduino for the ISS module, for a
science competition, and for an engineering competition. Although the standard of the project was average,
it has brought awareness about the possibilities of Arduino in SST curriculum.

Motivated by the capabilities of the Arduino, we started the mass procurement of Arduinos in 2013 for
various programmes. In particular, we purchased more than 90 units of these devices units (66 Arduino units
and 27 Raspberry Pi units) over the last year for the Applied Learning-based ISS curriculum.



Our research questions would be as follows:
o What are the key observations of the students’ learning using the devices?
« What are the advantages and disadvantages of the devices as platforms?

o What would students like to see in the use of the devices in the curriculum?

2. Methods
2.1 Research Context

This study involves 18 Secondary 2 SST students in Singapore involved in a research module, the Investigative
Skills in Science (ISS). This study employs the employment of the devices in their project work as tools to
achieve their research aims.

2.2 Participants

The 18 participants come basically from three classes involved in 6 different project tasks. The details are found
in table 1 below. Coincidentally, there was only 1 girl in the group from S2-07 working on the temperature
sensor for the fish tank. The higher number of boys in the groupings could be due to the higher interest in
engineering projects amongst the boys.

Project Title

Class Project type No. of students bBevelopment of a:

S2-01 Arduino 3 haze sensor and air filter
S2-04 Arduino 4 solar-powered automatic house
S2-04 Arduino 3 pH sensor

S2-04 Arduino 2 soil moisture sensor

S2-07 Arduino 3 temperature sensor for the fish tank
S2-07 Raspberry Pi 3 solar flares detection system

Table 1. Projects involving the use of Arduinos and Raspberry Pis



Two middle school teachers (one physics and one biology teacher) conducted the ISS lessons on research
methodology, helped the students with the report writing and managed the safety of the students in the
lab. The physics teacher teaches the classes $2-01 and S2-04 and provided guidance to the students in areas
related to their project. Occasionally, he may provide guidance to the S2-07 students when they make the
request. In this way, there was a fair level of supervision and guidance for all students.

2.3 Design of the ISS programme

The ISS programme lasted for a period of 10 weeks commencing in July and ends in early September. A
total of 4 official hours are spent on the ISS programme per week. However, students are allowed to work
on the project after school hours under the supervision of the lab staff and also at home. As these devices
are portable, the students could have easily brought them home to work on after school hours. Assessment
of the ISS module takes place at the end of the 10 weeks for their project. The students are assessed on a
set of rubrics on the various components of the research project. Table 2 shows the various sub-tasks, their
respective marks, and respective skills assessed for assessment.

Component Weightage Skills involved

Group Research Proposal 20 marks Proposal writing skills

Abstract and Introduction 10 marks Research report skills. The content for the report

Methods 10 marks is based on an individually chosen project that the
students choose to work on. They may also use

Results 10 marks Arduino or Raspberry Pi for the project.

Discussion and Conclusion 15 marks

Bibliography 5 marks

Log Book 10 marks Note taking skills

Blog Page 10 marks ICT skills

2-minute Video 10 marks ICT skills

Poster 10 marks Art skills

Peer Appraisal 10 marks Inter-personal skills

Total marks 140 marks

Table 2. Components of the ISS module project and their weightages and skills involved



There were some basic training provided to the students on the use of the Arduinos. Students were provided
with a 1-hour workshop on the basic installation of the software and connections. Besides that, each student
group was provided with a “Sparkfun Inventors Kit”, which consists of a self-sufficient set of electronic gadgets
and an Arduino UNO board. Within each kit comes with a journal that demonstrates to the students how to
set up 14 simple electronic circuits. The students can learn from modelling on how it was done with the other
14 circuits to new circuits of their choice.

For the single group working on the use of Raspberry Pi, there were no specific lessons on how the Raspberry
could work. But they were given abundant materials such as a manual on Raspberry Pi, a Raspberry Pi board,
and all the necessary electronics and mechanical parts needed to set up a Raspberry Pi computer system
running on Linux. Besides that, the students were given contacts of a friend of the teacher (Mr Eric Gilbert)
who operates a Raspberry Pi solar flares detection system. Mr Gilbert communicates with the students
through emails on instructions on how to set up the system. He was willing to support the students’ interest
in building a system by sending documents and coding softwares.

Common to all groups of students was a general guidance from the teacher in-charge that should they have
any problems with their systems, they could have asked each other, their seniors, and the makers-forum,
for any guidance on the intricacies of setting up of the devices. They are given the confidence by the teacher
that any help that they received will not affect their assessment as long as they can understand what does the
connections and the codes meant.

2.4 Data collection

Data collection for the evaluation of the use of these devices is based on the following methods of data
collection as shown in Table 3.



Process Data source and collection

Classroom Observation Teacher observation and notes
Evaluation of students’ work Research report (Discussion and Conclusion sections)

Student survey after the Students comments on the three main questions posed as a survey:

project (a) What are the advantages of Arduinos/Raspberries in our curriculum?

(b) What are the disadvantages?
(c) What are the recommendations from you?

Table 3. The summary of data collection

2.5 Data Analysis

For data analysis, the researchers looked into the data from three different sources: classroom observation,
students’ report and written reflections. We attempted to understand students’ cognitive development
process through the projects and tried to highlight recurring themes or trends that the programme designers
should take note of in the future through the triangulation of the data from the three sources. The trends or
suggestions may lead to a modification of existing practices in the use of these devices.

3. Results and Analysis

Observational data were mainly collected during the ISS programme while written data (reports and surveys)
were collected after the ISS programme. These data were presented in the following format in the sub-sections
below.

3.1.1 Teachers’ observations of the learning process

Based on the teachers’ observation, students relied heavily on the existing sources provided by the teacher
and new sources provided by others through their searches on the internet. These resources provided the
students with a lot of help in completing their projects. Most of the students do not need extensive help from
the physics teacher as they were able to clarify their doubts through discussion and internet websites. The
level of their confidence as observed by the teacher can be considered to be on the high side.



In one particular case, there was even an interesting intellectual debate that ensued between the student and
the teacher in question. The student leader (henceforth referred to as the student) of the group involved in the
“Development of a Solar-powered automatic house” engaged in a discussion regarding how the sensing and
control devices should be wired in his project. Despite being a novice in the use of Arduino, the student was
able to understand, operate and even think at the conceptual level as to how the circuit diagram should look
like. Figures 1 and 2 below shows the diagram that he was working on to achieve his final objective.
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In the project “Development of a solar flares detection system”, the students were able to assemble the Raspberry
Pis with the antenna and radio circuits to come up with a working system for data collection. Figure 3 shows
how the system is wired up. Although most of the steps in setting up the system was provided by the websites
and the adult mentor, the students were basically independent in the development of the prototype.

Figure 3. Finished setup of the Raspberry Pi data collection system

3.1.2 Observations from the students’ reports

The students’ reports are uploaded online in a form of a blog and can be found in the table 4.

Project Title Project Blog Page
Development of a:

haze sensor and air filter http:/sst2013-s201iss-e.blogspot.sg
Solar-powered automatic house http://issgroupbravo2013.blogspot.sg
pH sensor http://sst2013-s204iss-d.blogspot.sg
soil moisture sensor http://sst2013-s204iss-f.blogspot.sg
temperature sensor for the fish tank http:/sst2013-s207iss-a.blogspot.sg
solar flare detection system http:/sst2013-s207iss-f.blogspot.sg

Table 4. Blog sites containing the students’ report for public access



http://sst2013-s201iss-e.blogspot.sg
http://issgroupbravo2013.blogspot.sg
http://sst2013-s204iss-d.blogspot.sg
http://sst2013-s204iss-f.blogspot.sg
http://sst2013-s207iss-a.blogspot.sg
http://sst2013-s207iss-f.blogspot.sg

There were many interesting reflections in the students’ report that can be classified into some major themes.
They are mainly in the areas of application, limitations and further study that involves the use of these devices.

Students were able to highlight the areas of application of their project to other areas as well as an extension of
their project. The confidence was exhibited when they discuss about how they can further apply their projects
to new situations:

More antennas could be developed to collect radio signals of different frequency ranges. A more detailed study
into lightning could also be conducted. Lastly, we could develop a lightning warning system and weather forecast
system in school. (Development of a solar flare detection system)

We can also add in the biometric fingerprint sensor for added security. The person will be able to walk out
or in conveniently and the power supply will be cut off to systems like fans and lights when the person is
out. (Development of a solar-powered automatic house)

If we manage to get less than 0.1% error, we have decided to extend our project to build a system. We would
attach or mount our pH sensor to an aquarium or any other places that needs a pH sensor. The pH sensor will
be measuring constantly the value of the pH of the liquid at set intervals of time. If the pH sensor fluctuates
drastically and over a limit therefore posing a threat it will play a loud blaring noise and notify others. Following
that, the words BEWARE pH LEVEL HIGH” will pop out on the screen. This will notify other of what exactly
is the issue when after then come over upon hearing the blaring sound, giving them valuable time to save their
aquarium or projects from harm before it is too late and irreversible damage has been caused. (Development of
a pH sensor)

Students were also able to highlight the limitations as in what the Arduinos or Raspberry Pis cannot do, as
well as problems associated with its use. Examples include:

We have also learned that the wiring of the different components is very important as one small mistake could
lead to malfunction, or worse, a short circuit of the components. (Development of pH sensor)



We felt that for this project, we could have something like a cover to neatly pack the breadboard and all the required
materials into it, resulting in a cleaner product in terms of arrangement. The sensors would also not have to be
this crude, but we felt it was still doable as it was supposed to be a household product. As for he programming, 1
felt that we had done exactly what we had wanted it do, just that there are glitches in the display, as some of the
unoccupied letters on the display were filled up with squares. (Development of soil moisture sensor)

Students were able to identify areas for further studies. These further studies either made use of the devices
at a smaller or larger scale. Examples include:

Measurement of pH has been expanding its scope and is now used in a wide range of situations, from medical
to scientific purposes. One such example is that of an Esophageal pH monitoring system has been developed for
medical purposes. Gastro-esophageal Reflux Disease (GERD) is a common disease in western countries. In the
United States, 7% of the population experiences heartburn daily and 44% at least once a month. Therefore, as a
solution, the monitoring system is developed to provide direct physiologic measurement of acid in the esophagus.
It is currently one of the most objective methods to document reflux disease, assess the severity of the disease
and monitor the response of the disease to medical or surgical treatment. This monitoring system has saved
many lives by measuring the acidity in the esophagus earlier before serious, irreversible conditions occur. This
acidity monitoring system has benefited the medical industry largely. We could use the Arduino for this purpose.
(Development of a pH sensor)

For this project, we could use the Arduino for a fully automated plant watering system. We could placed the soil
moisture sensor at the base of the plants and link it up with an Arduino. (Development of a soil moisture sensor)

3.2.1 Advantages of Arduinos and Raspberry Pis

Students were able to highlight the advantages of their devices in the survey conducted, such as:

“using Arduinos and/or Raspberries give students who are new to the engineering field and the coding field a feel
of how these two are”. (Jericho)

“we have a more hands way of learning science, which would interest a lot more students”. (Jericho)



“we have found out that Arduino is a very helpful tool to help us control and program things. It is lightweight,
affordable and has numerous applications”. (Zhong Zhi)

3.2.2 Disadvantages of Arduinos and Raspberry Pis

The disadvantages on the devices were mainly restricted to the training and the motivation to use the devices.
Examples of these comments include:

There is a need to “conduct some research on how to use them before we can actually start learning or begin our
project”. Learning “how to use the Arduino might be a huge difficulty especially to someone new”. (Jericho)

Learning Arduino “might be seen as a waste of time to certain students who have no interest in it” (Jericho)

3.3 Students’ recommendation for Arduinos and Raspberry Pis in the curriculum

Students mainly recommended that the devices should be made more pervasive, which are an indication of
the strong support that they have for the use of these devices in their learning. Examples of their statements
include:

It isn’t just a choice to use it and that everyone should be given a chance to use it. (Jericho)

there could have been more opportunities to use Arduinos, instead of just 1 term of the year, such as integration
into Physics or any other Science classes. (Jericho)

4. Recommendations

The recurring themes in the three data sources point towards the following main recommendations:

(a) There should be more extensive training provided in the use of these devices. It can be either done by the
teachers or by students who are already familiar with these devices.



(b) The students are capable of problem solving when handling the devices. The responsibility of the teacher
is to provide the necessary guidance and logistic support for the students. The guidance could be in the
form of direct help from teachers, indirect help from websites, or even help from peers.

(c) There should be more exposure to these devices at all levels instead of just engaging some interested
students in the ISS module. These devices could possibly be a catalyst to the development of Engineering
as a subject in our classrooms.

Based on the key recommendations that we have developed above, we derived the following possible action
plans:

(a) teach students at all levels on the use of the devices
(b) get students to help conduct the lessons

(c) get students involved in Engineering related projects using the devices

Within the school, Arduino and Raspberry Pi lessons can be integrated into the Information and
Communication Technology (ICT) and Talent Development Programmes (TDP). Table 5 illustrates to a
certain extent the possible exposure that students can have in the use of microcontrollers.

Level Time Frame Semester 1 Semester 2
. Introduction to programming

“euElie through HTML and Gamesalad

Sec 1
Talent Development Introduction to Arduino and
Programme Raspberry Pi
Level Wide Introductloq to Arduino and

Raspberry Pi
Sec 2

Talent Development

Programme Carry out STEM projects using Arduinos & / or Raspberry Pis

Table 5: Recommendation of the curriculum



In Semester one, as outlined in table 5, we hope to introduce all secondary one students with basics to
programming through HTML and GameSalad in semester 1. The purpose is to introduce the students to
general programming concepts so that they can understand in the logic in computer programming, which is
an essential skill.

In semester 2, students are identified for the school’s Science and ICT TDP. These students would then be
introduced to the basics of Arduino and Raspberry Pi programming. The criteria for their selection would be
their interest in using microcontrollers in science or engineering projects. The purpose is to give interested
students the headstart in developing the competencies in handling these devices so as to support their Science
or Engineering Research interest. This is in alignment with reccommendation (a).

In the following year’s semester 2, the school would commence the training of programming for Arduinos
and Raspberry Pis for the secondary two students in their ICT lessons. The students under the talent
development programme would support the teachers in facilitation and support for their fellow classmates.
This arrangement is in line with the recommendation (b) that we have highlighted above.

In both the Science and ICT TDP, the students will engage in using Arduinos and/or Raspberry Pis to a full-
scale Science-Technology-Engineering-Maths (STEM) project. These projects will require students to make
use of these devices in one way or another within the project, either as a sensor, controller or as a monitoring
device. This arrangement is in line with recommendation (c), where the devices will make their way into
STEM projects.

Beyond the school, we would conduct sharing, either as a teacher-fronted or a student-guided session, to our
partners in different schools and in different countries. Through rigourous action research and evaluation,
the practices in the implementation of the micro-controllers will be refined over the years.

5. Conclusions

Microcontrollers are here to stay in the educational landscape, as demonstrated by its capabilities, cost and
flexibility. By being a useful engineering tool, it has put learning back into the hands of the learner, as they
can tinker with it in their investigation of the world around them. SST will continue to experiment with



these devices to stretch the students’ creative and critical thinking in their learning. We should continue
to investigate the effectiveness of these devices in the curriculum, as they are potential devices that can
transform learning both in and out of the classroom.
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