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Abstract

Bringing the essence of the Launch Pad GallerjzénLiondon Science Museum
into British classrooms is an ongoing challengds as been partially overcome by the
design, development and testing of various funiatetactive scientific demonstrations
and classroom activities. These activities havenlspecified in plans for the construction
and operation of demonstrations, as well as ingfanfuture development. In addition
to teaching children about scientific conceptss firioject will inspire and excite students
about science.



Executive Summary

While many museums consist only of collections mfigsual or interesting items,
the London Science Museum has long sought to dp\weeymost engaging and
entertaining methods for educating the public alscignce and technology. This has
been achieved throughout the museum, but partlgutathe Launch Pad Gallery, a
gallery designed specifically for children betwdkea ages of eight and fourteen. In an
effort to reach out to the community, and to ededetyond the confines of the museum,
an extensive outreach program has been developeslinEludes classroom visits and
internet resources. The classroom visits, availadslschools all over the United
Kingdom, have been developed by museum staff amdraexcellent, but expensive,
option. The website, while easily accessibleatking hands-on demonstrations and
activities. While the resources that the Sciencs@&lim offers to those who are unable to
visit the museum itself are extensive, they camioved.

This project assisted the Science Museum in furdlegeloping the outreach
program and educating the community. The primajgcilve was the development of a
number of new and interesting ideas and the creatiadlemonstrations and activities to
convey a scientific concept in an engaging wayis Was accomplished by
brainstorming, prototyping and testing a varietylemonstrations, as well as developing,
testing and refining a series of activities witk team, the museum staff, and the public.

The ideas for the demonstrations were dubbed
“Quick and Dirty” (QAD) for their rapid development
and crude prototyping before the testing stage.fifiaé¢
result was 26 QAD ideas for potential demonstration
14 of which had been built and tested. Thosewleae
developed beyond the concept stage were chosen fo
their potential to excite and entertain childreonuaithe
scientific concept presented. If a demonstrateensed |
appropriately engaging, it was then examined furtbie
other factors, such as feasibility, safety, and-cos :
effectiveness. If it met all of the appropriatéesia, a
prototype was constructed and tested. This testing
phase was used to determine if the demonstratien w.
appropriate for classrooms.

The activities were designed to stimulate
inquiry-based learning using a style of teachirag th
allows students to learn through discovery. Theett is encouraged to ask questions
and determine the answer using
experimentation. These Inquiry-Based
Learning Activities (IBLAs) each begin
with a challenge that the student must
overcome, with little to no input from the
teacher, by investigating a scientific
principle. In addition to supplementing
the curriculum and helping the student
explore a scientific concept, these are




intended to encourage creativity. They must themahstrate the solution to the
instructor and their peers, providing evidencetliat solution. The development of these
activities began with the selection of a scientificciple that the student should better
understand. With an objective in mind, materia¢ésengathered for the activity, and it
was tested within the team, with staff, and wité plublic. After each test phase,
improvements were made to the activity based omwliservations made by the team and
suggestions made by museum staff.

To supplement the large number of ideas that were
created and tested during the seven weeks onsite,
recommendation sheets were written for each oQRABPs
and IBLAs. These recommendation sheets include
materials lists, instructions, ideas for improvetan
scaling up, general recommendations, and assessment
They also include pictures of the demonstration, or
sketches when pictures are not available. For
demonstrations that were extensively tested, tips a
offered that indicate what was effective and whaghnbe
done to address any problems that were encount&ad.
the IBLAs, lesson plans, tips for instructors, and
worksheets are also included.

Each activity and demonstration was also analyneldsaored on a set of criteria
based on a predefined rubric. These assessmemnisallyone interested in the
demonstrations to look through the extensive mategrovided and quickly determine
whether a demonstration is appropriate for theniskel purpose. More importantly,
information relating each demonstration and IBLAHe appropriate stage and unit in the
national curriculum is provided. This provides teas with information regarding how
each demonstration might fit into their classroord Besson plans.

The work done at the London Science Museum halsdudeveloped the idea of
education through fun and excitement. It assisaniuseum in sparking curiosity and
enthusiasm regarding scientific discovery and angainforgettable memories for
children throughout the United Kingdom, specifigahhose that may not have access to
the facilities at the museum. The demonstratiomsativities created and tested will
undoubtedly have an immensely positive impact bthat have the opportunity to
experience them.
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1.0 Introduction

The London Science Museum is one of the most krelvn museums in the
world. It offers over 300,000 objects in its prggius collection, spanning the entire
history of western science, technology and medidkmeessential part of the London
Science Museum is the Launch Pad Gallery, a cmigrexhibit that offers an
opportunity for children to experience scientifancepts. This is the most popular part of
the museum, attracting over one million visitors year. Not only can children learn
about science, but they can also be entertaingdebynteractive nature of the exhibits.
This is often accomplished through outreach progrimat focus on school groups. Not
everyone in the United Kingdom is able to expergetie Launch Pad, however, because
some British schools can be as far as 350-400 ravley. There are some alternatives to
visiting the gallery, but first-hand interactiontvthe gallery is difficult for many schools
to achieve.

One of these alternatives is to present the caatapght in these exhibits via
virtual demonstrations on the internet. The Lon8crence Museum has a website where
children can learn online, using a variety of iatdive games and activities. Learning
how something works by holding, touching, and playwith it, however, is much more
enjoyable, exciting, and therefore educational theging it virtually. The museum also
offers an outreach program to classrooms all dwetunited Kingdom that brings the
Launch Pad experience to children, as anothemnaliige. Trained staff members travel
throughout the UK to provide entertaining demorigirs of scientific concepts. It is an
appealing solution, but it is an expensive onebiilng the experience to a classroom in
Wales or Scotland, it costs betweD0 ande800 per demonstration show. To further
complicate the outreach program, it is also ditfito schedule. The London Science
Museum recommends that schools that are furthey atvauld coordinate their visits so
the staff does not have to travel back and forths Torces other schools to introduce
certain concepts before the show, limiting theifidity in school lesson plans. These
alternatives are neither ideal nor practical fquexiencing the Launch Pad. Because of
the unique and effective approach that the museleston education, experiencing the
gallery should be available in a way that is intékee, cost-effective, and practical.

The newest approach to solving this problem isveld@ing outreach program
which does not require trained staff members teefrdnstead of hiring people to
perform a demonstration or using online exhibitgwviewer interactive components, the
London Science Museum is currently developing @hdt may be sent to educators
throughout the United Kingdom. This kit containsraestration materials corresponding
to a variety of exhibits, as well as instructiorplaining how these demonstrations
should be executed. A kit is an easier, more dbstteve means for spreading the
Launch Pad’s approach to scientific understandargss the United Kingdom. These
kits provide scientific knowledge in a very intetige way and they are inexpensive to
manufacture and ship. They also allow increasedhiléy in scheduling as schools are
no longer required to coordinate with other schdais visit and may use the materials
and lesson plans at their convenience.

A group of students have already completed andrgeiplinary Qualifying
Project (IQP) at the London Science Museum, deweipgemonstrations based upon



some of the exhibits in the current Launch PadeéBallThe Launch Pad is in the process
of redevelopment, however, so while the demonsinatdeveloped by the previous group
of students have merit, they will be irrelevanttie Launch Pad in a matter of months.
As a result, the Science Museum was in need ofdeamonstrations with respect to the
new Launch Pad Gallery to further develop the @aadingprogram.

The main goal of this project was to design aetgrof demonstrations, create and
assess demonstration kits, and further develomaselss outreach activities. Each
demonstration needed to be interactive, educationat-effective, easy to assemble and
use, and fun. Recommendations were also includetthiéomuseum to expand on each
idea. Then, a variety of outreach activities kn@grinquiry Based Learning Activities
(IBLA) were assessed and developed, complete wghdn plans and teaching materials.
These IBLAs consisted of small projects that enagerchildren to ask questions and
discover the answer through experimentation. Roidnuilding the demonstration kits and
assessing the outreach activities, an understamdibgth demonstrations and the basis
for outreach programs was vital. It was also imgatrto determine whether each
demonstration was appropriate to be used in trssidam, in that it was easy to set up
and safe to use, or to be used by a professiorazad wutreach demonstration, having a
bigger “wow” effect and less stringent safety regments. Research was therefore
completed in advance to expedite the developmetess with regard to these
demonstrations as well as the development andsaases of the outreach activities. This
research included educational psychology, condgatiterviews/surveys, and holding a
child’s attention and allowed for a faster, moricegnt development of inexpensive and
interactive kits and IBLAs that will teach sciertitoncepts, not only in the UK, but
potentially worldwide.



2.0 Background

The opportunity to enjoy the unforgettable expsreeof the Launch Pad Gallery
Is something that every child in the United Kingdshould have. The gallery, as an
integral part of the London Science Museum, aimgagpire and educate children in a
way that a classroom environment cannot. It is anfical to expect that school groups
would travel hundreds of miles to the Science Museu coordinate and fund a visit
from a member of the museum staff because for mahgols, this would be beyond
their means. By developing demonstrations that beaytegrated into classrooms
nationwide, the Science Museum has the opporttmitgach a wider range of students
than was originally possible. Taking into considierathe history of the Science
Museum, specifically with regard to their interaetgalleries, demonstrations may be
optimized to best fit the mission of the Museumwadl as the goals of the British
educators and the National Curriculum. A betteransthnding of the principles of
education and the integration of demonstrationstiné classroom will also further this
end. In addition, it is important to develop methdy which these demonstrations will
be assessed, so that they may be improved upoake them more interesting, more
effective, or more appropriate for a specific ageug, for example. These ideas have
been researched in depth to allow for the developmiethe best possible set of
demonstrations, and the findings of this team belldiscussed in the following chapter.

2.1 Museum

2.1.1 History of the London Science Museum

Founded primarily by Prince Albert in 1857, thendon Science Museum, like
many others, is the result of profits from the Gi&ehibition in 1851 at South
Kensington, London. The Great Exhibition, or the&rExhibition of the Works of
Industry of All Nations, was a celebration of whas, at the time, the most modern of
industrial design and technology. This event inseglaawareness of culture and industry
and was economically very successful, drawing &tpybalmost£200,000. With the
extra revenue the Great Exhibition brought in, €iAlbert was able to develop not only
the Science Museum, but the three other Britishemons that make up the National
Museum of Science & Industry, including the NatibRailway Museum, the
Locomotion Museum, and the National Media Museu@Y) (McDonald, 2002).

Today, the museum has developed beyond an exmlmfithe history of science
and technology and has become a place in whichipeball ages and from all
backgrounds are encouraged to come and explonecsdie terms of its history, its
future, and the way that it impacts the lives adgle everywhere. The galleries range
from traditional to contemporary, some even int@dg an interactive component, but
all are designed “to promote the public's undeditapof the history and contemporary
practice of science, medicine, technology and itrgjsas expressed in the mission
statement of the museum.



2.1.2 The Implementation of Interactive Galleries

In general, children tend to seek out material Baseits entertainment value,
rather than on its educational promise. In orden#ke learning more appealing to
children, the Science Museum developed a Childréakery in 1931. At first, the
Children’s Gallery only contained a few models akstific concepts and lacked the
excitement factor children desired. Over the yetes gallery developed new styles in
order to convey more ‘context’ by making it moréeactive. One method used to
accomplish this was the use of dioramas (MacDor241a2).

“It's so refreshing to see something where peopleinteract with the exhibits,
take part and actually touch things” (Science Musetsitors, 1990). This is just one
example of the feedback that visitors provide ®rtiuseum. The Science Museum has
always sought to not only teach their visitors dliba educational and practical value of
science, but do so in the most enjoyable way plesditany years ago, in an effort to
enhance the learning experience and make displays emjoyable, the Science Museum
hired a team of specialists, the Gallery Planningup (GPG), to help redesign their
exhibits. The GPG eventually developed a list obljectives that would help raise
awareness of the Science Museum. They proposetttieathhuseum cannot (and should
not) attempt to be encyclopedic, but should ailma®ynoptic and cover all aspects of
science, technology, industry and medicine... or M#jemes should be arranged
logically in the building to enable visitors to eel an area of interest from informative
points to follow it through.” (McDonald, 2002)This list eventually led to a more
interactive and entertaining museum that was e&siearn from. The galleries have
since been updated whenever necessary to contasnstently entertaining and
educational activities. The Launch Pad Gallery,ohlfopened in 1986, was designed
around the idea of an interactive gallery that wiquiovide entertainment as well as
enhancing scientific understanding. These new styl@resentations and demonstrations
ultimately lead to the opening of the Launch Pad-a@a containing only “hands on”
interactive exhibits. This special gallery contamsmodels from any collection.

2.2 Education

2.2.1 Educational Psychology Theory

Much research has been conducted in the field e¢atbnal psychology in an
attempt to answer the question: “how does one Rarhis relatively new field,
beginning with the work of Edward L. Thorndike hetearly 1900’s quickly evolved into
a distinct and intricate discipline within the bdoscope of psychology with the additional
work of prominent figures such as John Dewey, Jaaget, and Granville Hall.

Leading child educational theories revolve arothredwork of Jean Piaget. His
work is the basis for interactive instruction imsols, museums, and any center where
modern learning takes place. Simply stated, fdrila ¢o effectively learn, he needs to
interact with his environment (Caulton, 1998). Teweloping child is actively thinking
and working out for himself how the world and hisseonment operate. Rather then
being told the outcome of an experiment or dematisetr, they should be expected to
predict and observe it for themselves. It is theneethe role of the teacher to create an
environment where each child can experiment antbexprather than simply imparting
knowledge as undisputed truth.



The conventional teaching method based on repeaind rehearsal, termed the
law of exercise, has been the primary approacbhod systems for most of their
existence. Charles Skinner indicates that thisge®ds not “a potent factor in learning”
(Skinner 1945). While the pupil will be able to aldhe studied material, Skinner argues
that the pupil does not truly learn it. The thoupgtdcess is disorderly and based upon
trial and error on behalf of the pupil. A studeeeds to be an active participant in the
conclusion to a problem to fully realize and conmared the material presented.
Remembering a concept and being able to applgitvem very different things.
Repetitive drill does not often amount to the pigging able to apply their newfound
knowledge in ways and situations other than thathich it was originally presented. It
supersedes the most important part of the edu@tprocess: the child coming to the
conclusion himself.

In addition to direct involvement in their leargirthe student’s curriculum must
constantly be building on previously taught matetias essential that the child not only
uncover for themselves the workings of a systeroblem, but when presented with
new problems later in an educational program, tiesd to build on the principles and
ideas learned in previous work (Lind, 1997).

The latest research in the field of educationgtpslogy includes the work of
many individuals who have presented many theofiksre is, however, a common
theme with regard to child development in the soésn The role of the educator is not to
lecture the pupil with the expectation that anyghather then memorization is taking
place. Rather it is the purpose of the instruaaguestion, encourage curiosity, and
design and support an environment where the stuslexipected to discover concepts for
themselves. Only then, is the student truly becgreithucated.

2.2.2 Creating Interest

There is little dispute in the field of educatibpaychology with regard to the
value of a child’'s immediate interest in the subgchand. “If any learning is to occur
from the teaching, the teacher must sustain cotiparaf the student in an activity. To
ignore this is to ignore the essence of teachibgly(e, 1979).

Unless the material appeals to the student’s naturasity, it will not be found
interesting. Inciting this emotion is not a simpAek: the level of curiosity a student feels
is directly proportional to the novelty of the setj material. Many science courses are
based on traditional lecturing methods, howeved,fail to create this atmosphere.

It is the job of the educator to spark inquiry itihe subject matter. “The driving
force behind problem solving is curiosity, an ietgrin finding out” (Lind, 1997). A
lesson plan designed as a step by step experinteci the student must follow is an
example of a hands-on interactive approach. It do@sever, fail in promoting curiosity
in the child. A more effective strategy involveggenting the pupil with the necessary
equipment and asking them to answer a questioalee a problem that will involve
thinking, experimenting, and trial and error. Théerof the teacher should be to merely
guide the students in their activity, asking questidesigned to further challenge the
student in achieving the original goal.

In a study conducted by John A. Zahorik, data f&Grelementary and secondary
school teachers was collected and analyzed inotine &f four separate essays dealing



with creating interest in their students. Not sigipgly, the overwhelming majority of
the teachers relied primarily on hands-on learmingstablish and maintain a child’s
interest. Another method teachers frequently usaslte personalize the presented
material (Zahorik, 1996). By relating the inforntatito something the student is familiar
with, the teachers were often successful in spgriiterest in the subject matter. Class
room demonstrations should then inherently haventwelty factor. They should be
designed in such a way to relate a foreign contmepbmething the pupil is already
familiar with. Several other techniques were usethe study, some of which may be
valuable when developing classroom demonstratibmsse are included in Table 1.

TasLE 1. Actions Teachers Take to Generate
Student Interest

Teachers Reporting
Actions Number Percentage
Hands-on activities [ 100
Personalized content 42 65
Student trust 42 65
Group tasks 36 55
Variety of materials 19 29
Teacher enthusiasm 18 28
Practical tasks 11 17

Variety of activities 7 11

Table 1 Zahorik, John A; Elementary and Secondary €achers' Reports of How They
Make Learning Interesting; vol. 96, No. 9; pg. 556

As important as creating interest is, avoidingrdisiest is just as essential. A
predominant finding in Zahorik’s study was the aavice of teaching unsuitable material
in trying to maintain student interest. Materiattvas too difficult, easy, redundant, or
extensive caused the students to lose interesb(&ali996). It is of utmost importance
that interactive demonstrations do not take onddrijlese deterring qualities.

It should be noted that there is a danger in argdtands-on demonstrations that
are intended to be fun or entertaining. Many figurethe field such as Duckworth,
Easley, Hawkins, Hendriques, Flick, Roth and otmeaitain that lesson plans that rely
predominantly on the child having fun result in théld having learned nothing after it
has been completed (Zahorik, 1996). The difficultdesigning demonstrations is
striking this delicate balance between entertairtraad education.

2.3 National Curriculum

In addition to understanding the psychology of éddor the purposes of this
project, it is imperative to know and abide by tiaional curriculum. Schools in the
United Kingdom must follow a very strict and laidt@urriculum standardized for the
entire nation. If a private organization, suchlesltondon Science Museum is to present
any educational material in British schools, thaystradhere to it.

According to the National Curriculum website (Mhwww.nc.uk.net, Jan 2007),
the goal of the National Curriculum in the Unitethgdom is to set a standard for the
subjects to be taught in schools, and the “knowdedgills and understanding required in
each subject”. It also helps to standardize assa#smand designate goals that children



should be achieving at particular ages or by aipetage in their education. It provides
flexibility for the creativity and ideas of educedpalthough many make use of resources
from the Qualifications and Curriculum Authority @), a public body interested in
developing and regulating applications of the NaidCurriculum. At the same time, the
National Curriculum ensures that students thativece public education in the United
Kingdom will understand concepts necessary to gtm@nhigher education if desired,
and to be fully prepared for life as a British zén.

The British National Curriculum for children frong@s eight to fourteen is
broken down in to two stages: Key Stage 2 (KS2) eyl Stage 3 (KS3). Students are
required to take national exams between each KayeST his indicates that the students,
who have entered KS2 and KS3, are expected todeat@n knowledge that has been
obtained in Key Stage 1 (KS1) between the agewefand seven. The exam required to
move on from KS1 only covers material regardingmaatd English. KS2 and KS3,
however, begin the British student’s scientific eation. The examinations that conclude
KS2 in a child’s education, at age eleven, incladly basic English, science and math,
while those indicating the completion of KS3 at &merteen include math, including
mental mathematics, science, design and techn@lodynformation and communication
technology. These national examinations are accoim@dy an assessment by an
instructor, but as these assessments will vary thnewide range of British schools and
instructors. The national standard is an essewtithat is used to focus efforts toward a
uniform interactive solution for demonstrating sttic concepts to a large number of
students.

The National Curriculum is represented by a sesfesght levels, and after each
key stage, it is expected that a student will hedeanced to a corresponding level. For
example, after KS2, at age eleven, a student stamhligdve level four, and at age
fourteen, upon completion of KS3, a student is etgukto be at level five. The education
section of the United Kingdom government websitel@xs the different levels
succinctly. KS2 and KS3 require that students ledaout scientific inquiry, life
processes and living things, materials and theip@rties, and physical processes, with
regard to science. Broken down into subcategasi@entific inquiry includes
understanding “ideas and evidence in science arasiigative skills”, according to the
QCA website, found at http://www.gca.org.uk/. Tleetson representing life processes
and living things includes “cells and cell functgmumans as organisms, green plants as
organisms, variation, classification and inherieaad living things in their
environment”. “Materials and their properties” indes knowledge about “classifying
materials, changing materials, and patterns ofvieliaThe time spent on physical
processes, perhaps the subcategory most relevtns foroposal, is dedicated to
“electricity and magnetism, forces and motion, lighd sound, the Earth and beyond,
and energy resources and energy transfer”.

These subcategories have been the focus of therdrations developed as
discussed in the following chapters. All materiddveloped should assist students in
reaching the objectives laid out in the Nationatrieulum, and enhance their
understanding of the aforementioned subjects.ithportant to remember, however, that
these interactive activities should link these eaty to the Launch Pad gallery in the
London Science Museum and that they must maintaim éntertainment value while



remaining useful to instructors and educators acttos nation as they teach in
accordance with the National Curriculum.

2.4 Inquiry-Based Learning Activities (IBLAS)

One method that may be used in the classroom wueage students to learn
through experience and interaction is the Inquiags®l Learning Activity (IBLA), a
classroom technique that is being expounded b$tence Museum, although similar
approaches have been used across the world. Thefghase activities is to teach
children scientific concepts in a fun and excitiwagy. A list of inquiry-based learning
activities can be seen in Appendix D.

The initial idea behind these activities may belaxgd in three steps. First, the
teacher or educator will designate a challengegwad for the students to achieve, either
individually or in small groups. This will build &nipation and inspire curiosity in the
children. The children will then investigate diet ways to implement a solution to the
problem. This will include brainstorming and takingtes or drawing ideas. Each student
or group of students will then build their favordesign and present it to the rest of the
class. Finally, the students will connect and etften each idea and try to relate them to
things they have seen, heard, or studied. In dibisgthe children will gain a better
understanding of scientific phenomena and reldtetiteir lives in an entertaining and
creative way.

These activities, when coupled with a completedegdan, are enormously efficient
in not only teaching scientific concepts, but imgimg out and fostering the students
creative side; a result favorable for obvious reaso

2.5 Integrating Demonstrations into the Classroom

Demonstrations are an essential part of learnirggalassroom environment.
Having students see physical objects move and titeelaws of nature, keeps the
students interested in scientific concepts beimyeged. Not all students can easily learn
from a verbal explanation and most children hawalite sitting and listening to lectures
for long periods of time. This is where demonstnagi can come in to aid teaching plans
and illustrate concepts that an instructor is gyim explain. This section goes into detail
about how familiarity has been used to illustratiersce and how interaction has also
been used successfully.

2.5.1 Toys and Familiarity

The use of toys in education is sometimes faux@#se education community,
but when and educator uses the right approach’ fftops can have a very positive
impact on the learning process. As previously dised, overuse of fun can distract from
educational objectives, but toys have the uniquigyato maintain the interest of
everyone, especially young children. One success@ple of the implementation of
toys in demonstrations took place at the Houstos@dm of Natural Science where Rob
Schuller, a 12 year old boy, was able to teachipbye visitors using toys. The toys
enabled Rob to show visitors a wide variety of stfie concepts in a very concrete way,
while entertaining them. Since most children ang/\e®mfortable with toys, and have



played with them enough to understand how the tegst to various stimuli, it is
reasonable to say that they have a thorough faityliith those toys. What Rob
accomplished was to take the familiarity of thestayd the experience children have
with toys, and use those ideas to form a link betwthie experiences and the science
concepts. Fundamentally, toys have mass, are effdxt gravity and momentum, and
obey the laws of physics. Because of this, thetertminment value may be exploited to
explain science to children. (Sumners, 1984)

2.5.2 The Importance of Interaction in the Classroo m

One important thing that traditional instructiontiveds overlook, is the
difference in learning styles among members ofuahemce, or in this instance, students
in a classroom. Most people fall into the categafryisual, audio, or kinesthetic learners.
When learning something, the visual learners neesg¢ it, the auditory learners need to
hear it, and the kinesthetic learners need toifeklan instruction or lecture is not
sympathetic to all of these then someone maydainiderstand the concept being
introduced. Interactive demonstrations can effetyitender to each learning style while
insuring all necessary material is covered. AnraatBve demonstration can best be
described by a demonstration that incorporatesitiggence using not only audio and
visual methods, but by allowing them to touch axpegience the demonstration
themselves.

A perfect example of functional and effective imietive classroom demonstration
is Keil Hileman and his classes at Monticello Tsadiddle School in Shawnee Kansas.
Mr. Hileman teaches his sixth, seventh, and eightldle classes almost exclusively with
museum artifacts he has collected and artifactshidnze been donated to the school. In
the collection there is everything from a 1796tfbok musket to Japanese lanterns. And
unlike traditional museums, all the items in tHess are meant to be touched. This
interactive style has sparked the interest of tuidents and they absolutely love his
classes. As Pierpont mentions, “...his hands on agprto teaching has students itching
to get into his classroom.” Hileman'’s studentsexeited and actively engaged in
classroom activities merely because they get traat with the artifacts spread around
them. Is this method of teaching appropriate ferdtudents? Are they learning? In one
of Hileman’s lessons he asks for volunteers to camand hold a very heavy ball for one
minute. The ball is special because it came frogrbtill and chain once used on slaves.
When the students finish their one minute the lob&xhaustion on their faces shows
they have a better understanding of how awful slawas. Every one of the artifacts in
this museum classroom is able to have the samet effiethe children as the ball and
chain, and the learning that is possible is naaflgite. (Peirpont, viewed 2007)

2.5.3 San Francisco Exploratorium

“Snacks at the San Francisco Exploratorium” is & siee that contains links to
instructions and resources that allow teacherarjgone for that matter) to build
demonstrations of different science principles.slikia very useful resource that may be
considered a model for the demonstrations in trogept. The success of the
Exploratorium’s snacks is apparent, as their phblisbook of demonstrations has
reached people and organizations throughout sedrited States and across the globe.
The web address to the Snacks page is http://wvphaeatorium.edu/snacks/index.html.



2.6 Assessment

Learning to asses a demonstration or a classroawityevas another essential
component of the preparation for this project. WhHeweloping anything at all, the work
must be evaluated appropriately to continue to ghand improve it. In this instance, the
most notable aspects to assess were how much swetgayed an activity and how
educational it was. Enjoyment should be examingdnms of student engagement; if a
child is enjoying something they will likely be iy engaged. Education must be
assessed in terms of knowledge retained, botheishbrt term and the long term. For
such a qualitative evaluation, where numbers camsingply be recorded from
instruments, key techniques include observatiorveyts and interviews, all of which will
be discussed in greater detail in this section.

2.6.1 Student Engagement

Another important thing to consider when condugtilemonstrations is whether
the students, or listeners, are really engage@hbpman’s article, “Assessing Student
Engagement Rates,” she lists both the signs ofgamgant and signs of unaffected
students, as seen in Talle
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Engaged Disengaged

Students select tasks that Passiveness
challenge their abilities
Students take action when thelfailure to make an effort
are given the opportunity
Students show intense effort| Give up easily
and concentration during the
learning process

They show positive emotions| Students can be

* Enthusiasm * Bored
*  Optimism * Depressed
e Curiosity e Anxious
* Interest * Angry
Say things Like Withdrawn

» “Iwent back over the | Rebellious

things | didn’t

understand”

» “| tried to figure out
how today’s work fit
with what | had learned

before”

Table 2: Signs of Engagement and Disengagement

These signs should be considered during a lessdensonstration to confirm that
students are actually paying attention and devetppn understanding of the material. If
students are not engaged then the presentatiorocthestimeffective.

Chapman goes on to discuss methods for conduatiragsessment. She lists four
main types of assessment: Student Self Reportgevatedents fill out questionnaires
that indirectly assess engagement, Checklists atiddgRScales, in which a teacher or
instructor makes assessments using a series nsedles to rate the above signs, Direct
Observations, where a teacher or instructor obseywe student at a time while making
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written observations regarding their level of erggagnt, and Focus Case Studies, where
small groups are investigated, allowing detailescdgtive accounts to be collected.

The Student Self Reports are used to illustrate $todents felt about their own
engagement; this is, of course, handled in anaéstimanner. By asking certain questions
the assessor can determine a students attentielndlest span, how much thought
students put into an experience, and how hardwhuelked regardless of difficulties
faced. A very important outcome of Student Repigrthat they are more than capable of
indicating “why” there may or may not have beemaeklof engagement. Teachers may
not notice this attitude during a lesson. A probieitih Student Reports is students,
especially the younger variety, may not have a deleloped sense of self evaluation.
Students account of their experience maybe inchrireeonclusive, or vague.

Checklists and Rating Scales allow observers tokiyurecord levels of
engagement among students. The ability to quickbngjfy data may simplify data
analysis, but checklists do have flaws. They datelbin what instance a particular
observation occurred. The recorded data will nstimijuish between a student that is not
interested because of complicated material or dd@ngaging material. Checklists and
Scales really only see the bigger picture or tlesg@ntation as a whole.

Direct observations are used to record what aesisigident is doing during a lesson or
demonstration. Here the instructor or observerdakeertain time period to watch a
particular student to see if that student is endagel what it is they are doing that
suggests this. After a given time period the obsemoves on to another student and
repeats the process. This is beneficial becauseltbervations are much more detailed
than a number rating system, and the observelestaloecord in context what happened.
Conversely, the direct observations method isiptstt by limited time periods for every
student observed. Only one student is capturedensbort moment in time, which leaves
much to be desired in terms of completeness. Daleservations can, however, be used
to confirm the data taken from Student Self Reports

Focused Case Studies can also be used to ass#est ®ugagement. Here, the
observer takes note of student behaviors, sigesaghgement, and the environment in
which they occur. This is especially good for sngatiups, where large amounts of data
would prove redundant and complicated to recordgedlers should note the interaction
between students participating and their peersefiting other assessment methods
intentionally do not consider. The only troublewibcus studies is their inability to
effectively account for every student and theielesf engagement. While the number of
students is small, the observer (probably a sipgtson or teacher) will struggle to note
every student’s reaction to the material.

2.6.2 Assessing Children’s Knowledge Retention

Demonstrations may be very visually appealing lm#scthe demonstration itself
teach a child a scientific concept? In order ttyfunderstand how much children learn
from demonstrations, they must take some sortsgsssnent. However, the traditional
paper and pencil tests should not be the only méaaeing how a child learns. It has
been demonstrated by McNair, Thomson, and Williimas “these kinds of tests rarely
assess children’s development of mathematical eiedtsic concepts validly”. To really
discover how much a student knows about a cono#ptr methods of analyzing should
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be taken into effect, such as anecdotal notes,idgawsurveys, paintings, and field notes
(McNair, Thomson, Margaret, 1998).

Anecdotal notes are recorded observations of whkhtld says and does before,
during, and after a demonstration. These kindsotésican reveal significant amounts of
information on how a child can develop scientifimcepts. It is important to keep in
mind that these notes must be taken immediatetportly after the child’s actions.
Recording exactly what the child does will reduoe &mount of bias or summations.

Drawings are a creative way of analyzing how adctidvelops concepts. In the
study shown by McNair, Thomson, and Williams they la group of students draw what
they thought of a scientist looks like. Most of #feldren drew the scientists as a
“geeky” kind of person including white lab coatgy glasses, and messy hair. However,
after camp, the children had done all sorts ofrdifie experiments and were then told to
draw another picture of what a scientist looks.likeis time, the students did not draw
the stereotypical “geeky” scientist but rather tseies doing one of their favorite
science experiments.

Using just one assessment to judge whether or abildihas learned a concept is not
valid. In order to fully grasp how a student canealep concepts, a combination of
assessments, anecdotal notes, and drawings argiaglsse

2.6.3 Surveys

The purpose of this section is to gain a basiewstdnding of surveys so that they
can be created to gather information from profess® information that can be used to
improve the demonstrations. A survey is descrilseldeang “a method of collecting
information from people about their ideas, feeliqgans, beliefs, and social, educational,
and financial background. (Fink, 1985)" While we bt desire anyone’s social,
educational, or financial background, we would lik&know what professionals (teachers
and museum staff) that use the demonstrations, floaweeas of improvement, or how
they feel about the current designs. A well corcded survey can help gather useful data
on how professionals (teachers, museum staff)dieelit the demonstrations. By
surveying each professional that implements theathstnation trends can be discovered
and analyzed to make further revisions of the desttaion design more successful. The
next parts of this section will look at some catithings to consider when using a survey
to gather information, and specifically how thosaaerns apply to this project.

The reason for doing a survey could be becaugeliey needs to be
implemented, a program'’s effectiveness needs wvhkiated, or a researcher needs the
data from a survey (Fink, 1985). For this projeetave both evaluating the effectiveness
of our demonstrations and are in effect researchidesrefore we are within reason to use
a survey to gather the information we seek, mddyglback, on our demonstrations used
in the field.

When creating a survey it would be unwise to deaiseries of questions and
then proceed to ask them to any and every persercgme across, you have to be sure
that your survey is going to yield useful data. &@urvey to be both valid and reliable
you need to be sure instructions are very cleaywkwho will be asked the questions,
know when and how often the survey will be conddcésd know how the data will be
processed, analyzed, and interpreted (Fink, 198&e care to follow these steps when
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creating the survey, taking extra caution to cotepéach one correctly. This diligence
will ensure you have a solid survey.

Also something to consider is what type of suryey will conduct. For example
it could be a written questionnaire or it couldebface-to-face interview. Here we will
focus on the questionnaire. With a questionnairis,possible to send it to any
professional in any location; it can even go with iemonstration. Also, it is not
unreasonable to believe that teaching professia@a$provide clear and detailed
answers to the open-ended questions that will p&aared shortly. The assumption being
made here is that the targets of the survey, teggrofessionals, have the educational
background, skill, and desire to help with the ioy@ment of education. If in the event
that this assumption is proved incorrect, the spioan be re-examined and then modified
to compensate for any problems.

The steps to take to create a survey are stringliard but the creators need to
make sure that all of the steps are completeddardo have a successful survey. The
process starts with deciding on the type of sutedye conducted, followed by creating
the survey’s content, writing the questions, ardtpesting the form. After the survey is
created, decide who your target for the survegligpeople from a group or just a
sample, etc.) and what is your timeline (when aow bften). Lastly, issues of
administering the survey should be addressed. ¥ample, “Who should conduct the
interview?” or “By when must the questionnaire burned?” In conjunction, special
attention should be given to the question develapimertion. This is the phase where
much of the bias, which is to be avoided, can hapffenk, 1985)

Generally speaking a survey has two types of questopen-ended and closed-
ended. Open-ended questions allow for survey takgrsovide their own, and
potentially creative answers. This creates a prolden you have a large variety of
answers over a series of surveys and are unabtaipare them to each other. Also,
there is a level of complexity with open-ended goes. What happens when if you have
a survey taker that has limited writing ability,isrunable to spell the proper words? Or
perhaps they fail to remember all aspects of tlsgvars? You can see where their might
be problems in collecting the amounts of data ddsiflternately, there are closed-ended
questions. These questions are similar to openeegdestions in structure, except the
survey taker is give a series of multiple choicsevears for that particular question. The
definite degree of answers for these questionsvaltbhose analyzing the surveys to come
to conclusions quickly and efficiently.

In the spirit of time, our focus will lie on clodeended questions. To help prevent
potential problems with closed-ended questions aere series of criteria to consider
when creating questions.

Each question should be meaningful to respondents.
Standard English should be used.

Questions should be concrete.

Biased words and phrases must not be used.

The instructor should be aware of his own biases.
Questions should not be too personal.

Each question should represent just one thoughk(ER85)

NogokrwhE
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As long as these steps are followed, the survegpable of being valid and reliable, void
of bias.

2.6.4 Conducting Qualitative Interviews

Interviews with student groups and professionedsadso extremely useful when
conducting educational research. A properly orgathinterview not only reveals
particulars such as past events, their outcomesamediate effects, it also reveals how
the subject feels towards a specific event or teantl how they would like to proceed.
This is very difficult to obtain from books and swtific journals. For this reason, it is
important to learn how to properly conduct intewseand extract as much useable
information as possible. It is also essential tmfoon obtaining qualitative data from
interviews, specifically information that may orilg acquired through direct observation
of an event. Kvale, the author of Interviews: Afrduction to Qualitative Research
defines a qualitative interview as having severtspdénematizing, designing,
interviewing, transcribing, analyzing, verifyingagreporting.

Thematizing is the pre-interview stage in whichititerviewer decides exactly
what information they wish to obtain from the swbjéther factors are also discussed
during this stage, such as whether or not thevigerwill supplement another form of
data collection and in what way that data will afferhat the interviewer is looking for
during the interview itself. The interviewer alsansiders what information may be
obtained exclusively from this particular source.

The design of an interview is crucial for its sugxen the design stage the
interviewer, in addition to constructing the primauestions that are established by the
objectives of the interview, must construct therfeavork of the interview. This defines
how the interview will proceed and involves cregtfollow up questions, as well as
having transitions planned between them, to maka Bmooth conversation. They must
also be ready to deviate from the plan if the flaivihe interview warrants it.

There are three main functions of the interviewairdy the interview itself. They
must establish a good rapport with the subject,enta&m feel at ease, and most
importantly smoothly guide them from question t@sfion. Flexibility, patience, and
active listening are required characteristics gbad interviewer.

While interviewing, the information obtained masto be transcribed. This is the
physical data the interviewer will have collectéttiathe interview. It must contain the
questions asked verbatim and their responses. rAulgb transcription will also utilize
audio or visual recording devises.

In the analysis phase the interviewer searcheth&mnes, patterns, and repeating
topics the subject brings up. In some cases itisrchined that a follow-up interview is
necessary to clarify a point or concept. It is imi@ot to make note of the subject’s
attitude toward a subject, as well as the infororaimparted.

After the analysis phase is completed, the inter@remust ensure the
creditability and validity of the information colited and analyzed. A typical method of
verification is conducting interviews with multippeople regarding a subject or event. In
the instance of this project, verification requiretérviewing more then one student,
teacher, or museum staff member.

The final step in the interview process is simplydport the findings. This report
contains findings from interviews in the Resultstem, for the reference of the reader.
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Qualitative interviews play a vital role in datallection; not everything can be
learned by direct observation and examination.tAl\daspect of the work done was a
result of knowledge and evaluation by professianibsobtain this information, it was
necessary to fully understand and conduct qualéatiterviews.
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3.0 Methodology

This project focused on expanding and improvingdireent outreach program of
the London Science Museum. The team producedat 2étdifferent “Quick and Dirty”
ideas based upon exhibits in the Launch Pad Géaletywere being developed. Twelve
of these were further developed into prototypeslagsroom demonstrations, complete
with lesson plans, educational materials and sjgatibns for production and educational
use. This report contains precise design critasagssment tools for use with these
demonstrations, and explanations of possible nmzatibns educators or professionals
may make to personalize or adapt the learning éxpe provided to their particular
classroom setting. In addition to the research gotadl prior to the development of these
demonstrations, a water rocket demonstration wasldeed, tested with children, and
evaluated in Worcester, MA. This has greatly impddhe work done at the London
Science Museum, as the information gained was uradé and prevented a variety of
mistakes during the final development process.|,Rdescription of this process may be
found in Appendix A.

In addition, the team also tested the functionaftproposed Inquiry Based
Learning Activities (IBLAS), creating lesson plaios each, including objectives, a
materials list, a strategy, a set of steeringfiyp®ducators, and conclusions to be drawn
as a result of the activity. The team also discedend developed new and different
ways to approach each Inquiry Based Activity.

3.1 Objectives

There were three main objectives which were acli®wer a period of seven
weeks. The team first came up with approximategnequick and dirty ideas for week
one, week three, and week five. Half of these qaiut dirty ideas were then developed
into demonstrations either for the classroom omtluseums outreach program. The team
also tested and developed three inquiry baseditepattivities. For each of these
objectives, the team complied recommendation stieetsach idea, demonstration, and
Inquiry Based Learning Activity for the sponsorsfarence.

Each demonstration developed from a quick and digg must adhere to a
certain set of criteria. All demonstrations musfuog, exciting, safe, and cost effective,
and as such, all were designed to have a signifisaaw” factor. Each demonstration
was required to pass the rigorous tests of thethleald Safety Team at the London
Science Museum. The risk assessment forms usevaitable in Appendix E. The
demonstrations had to be cost-effective, as wék materials used were required to be
both inexpensive and readily available to makedigr@onstrations accessible to teachers
and instructors across the United Kingdom. Allle# materials used in the final
demonstrations were readily available, and mayhed either as a part of a school’s
facilities or purchased at a local store.

Each IBLA must also follow a certain list of criter They must build
anticipation, encourage self-learning, and fit iatone-hour time slot. Just like the
demonstrations built, they also must be fun, safe, cost-effective.

Figure 1demonstrates the set of tasks that the vezked to complete the
demonstration kits. The team researched potenials, designed, built, tested, analyzed,
and refined each demonstration, leaving recommendafor the staff at the London
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Science Museum to repeat the process. Afterwaaiglasions were drawn from each
demonstration, with regard to its value and use&fsgnas well as to potential
improvements that might be made. Due to the tinmstcaints of this particular project,
repeating this cycle for each of the demonstratieas impossible, but the project was
concluded with the understanding that the Scienaeddm staff will continue to develop
the demonstrations and IBLAs for classroom use.

Teachers

Museum

Analyze

Figure 1: Demonstration Cycle

Figure 5 shows a timeline, indicating the blocksimie that were dedicated to
each step in the development process. Weeks aee, #nd five were spent conducting
research and brainstorming ideas for each of theodstrations. The team created eight
“quick and dirty ideas”, developed these ideas@modiuced blueprints or plans for each
demonstration. Once the demonstrations were coethléie team tested and analyzed
them to see if further improvements could be mate.team also tested and developed
the inquiry-based activities in the odd numbereekse In weeks two, four, and six it
was important to focus on the construction of aoégtrototypes. These were tested on
museum staff, family groups in the museum, andaestooms. After making as many
refinements as time would allow, a final recommeiotiawas documented and presented
to the London Science Museum. By adhering to thneline, these demonstration kits
were made efficiently during the allotted seven kgee
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Demonstration Ideas

Develop Inquiry-based
learning activity

Build Demonstrations

Test and Analyze

Refine

Complete
Recommendations to LSM

Figure 2. Timeline of proposed methodology

3.2 Creating Quick and Dirty Ideas

As seen in the timeline shown in Figure 2, weeks, dree and five were used to
formulate a list of quick and dirty ideas. To stait process, the team made use of very
basic brainstorming techniques, coming up wittseadf ideas and then discussing their
merit and practicality. The objective was to listraany ideas as possible, regardless of
how improbable or impractical it may sound. Docutimenthese ideas may not have
directly benefited the project itself, but it mag bseful in the future to the staff of the
Science Museum. For example, some ideas were xpgnsive or complicated and
highly impractical for the team to develop durihg seven week period allotted, but it
was essential that these ideas be documentedvmenie staff of the Science Museum
with the opportunity to develop them in the future.

In order to document these ideas properly, the teas composed a list of each
idea from the brainstorming session. Hand-drawchles were then developed to
visually demonstrate how these ideas could worle. fBam also produced a tentative
materials list and brief explanation of the eduwadi goals for each idea. Each of these
components was then included in a recommendatieetsalong with a set of
improvements that may be made to further develegl#monstrations. By the end of the
fifth week, the team had developed 14 quick anty dileas, and by the seventh week, the
recommendation sheets were complete.

3.3 Building/Testing Prototypes from Q&Ds

After the end of weeks one, three, and five thentbagan developing blueprints
for four of the proposed eight quick and dirty ise@he decision of which quick and
dirty ideas the team built was based upon inpuhftibe sponsors, as well as the general
requirements for a demonstration. It was also erpyito determine and recommend
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which demonstrations would be best suited for asttzom, where the demonstration
would be presented by the teacher, versus an ebtgragram, where it would be
presented by museum staff.

Once these objectives and requirements were estalli the team began to
develop the materials list for each of the demartisins the team decided to pursue.
Afterwards, the team spent an average of a halfstiapping for the materials required
for the demonstrations, usually at Homebase, théwsae store, and local grocery stores.
It was important to consider that if these dematiins were to be used in classrooms,
the materials needed to be easy for teachers atrdétors to obtain.

Also, developing these ideas was based on availabilmaterials and limitations
of tools. Some of the QADs would be easy to develaly if the materials were easy to
source. For instance, one of the QADs was calidanimable Methane Bubble Column”
(further detail can be seen in Appendix C) in whocie fills a bubble with methane and
lights it on fire. The process is very simple aadyeto do but sourcing the methane gas
was not convenient. Also, the limitation of toolsstsomewhat hindered some of the
QADs from being developed. One example is the “PAjmplane Launcher” QAD
(further detail can be seen in Appendix C). Ag#ie, idea is very simple and easy to
make. However, assembling it would have been dilffidue to health and safety
regulations at the Science Museum. Building thep@airplane Launcher” still could
have been done but it would have to be built byhimasts in the workshop at their
convenience. Therefore, this would have taken taomtime to be a working
demonstration.

After sourcing all the materials, the team conged@ prototype of the
demonstrations. Depending on the demonstrationtjritfeespent developing each varied.
Some demonstrations took one day to develop, vattilers took an entire week. Usually,
if the demonstration had a major flaw in functiapithe team decided to not further
develop it since it would take a significant amoahtime to make it work. For example,
the Lemon Battery idea worked in theory, but dutimgy development phase, there were
some unforeseen variables. A full description ¢f thea can be found in Appendix C In
theory; it should have taken only two lemons ineseto make a small climbing robot
move since this particular robot required two valtsl each lemon produced one volt.
However, each lemon did not source enough curmhttze robot was still not
functional. It would have taken well over twentynens to make the robot move.
Therefore, the team decided that this idea wapraatical and laid the demonstration to
rest, but developed a set of recommendations &6thence Museum if the staff were
particularly interested in the idea.
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Figure 3 Lemon Battery Demonstration

There were, however, many successful demonstratt@team built. For the
demonstrations that did work, the team decideditinér improve upon it until the week
was over. One example of this was the Pulley Systdnch is discussed further in
Appendix C. After sourcing the materials and buntgthe first prototype of the Pulley
System, it was declared a success. The team detmedld be appropriate to make
further improvements. More modifications were maaéhe Pulley System. More pulleys
were added, as well as a wooden base that a pepsitchsit on, as if on a child’s swing.
In the final prototype of the Pulley System a parsan lift himself with relative ease by
sitting on the wooden base and pulling on the rope.

Proper testing of the demonstrations was a criitsgh in the evaluation of the
project, and provided important insight as to wiias required to improve each one.
There were a variety of tests conducted througti@miproject to gain this insight. As
shown in the project flow chart (figure 4), thertebegan assessing demonstrations by
presenting the demonstrations to the staff at thradbn Science Museum, such as
explainers, who are specifically trained to explanseum exhibits and science to
children in a fun way. We took note of their ciigims of both the demonstrations and the
lesson plans we created to accompany them.

Testing progressed from working with the museurff stavorking with children in
schools. The staff of the London Science Museumeatiy has an outreach program in
which staff travel to schools presenting variousrsific concepts from assorted exhibits.
The team accompanied the outreach staff to obskmwmnstration methods and the
children’s reactions to determine the demonstratiffectiveness. The team observed the
outreach team by taking notes and recording obsengregarding the level of
engagement of the children involved, as well ag teeel of understanding of the
material presented. This included the attentiom sgahe children when they were
interacting with each demonstration, levels of gegaent, and whether they exhibited
signs of comprehension. The accompanying staffigeavfurther criticism, allowing for
further development of each demonstration.
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3.4 Developing Inquiry-based Learning Activities

Not only has the team created quick and dirty idbeasduring weeks of one,
three, and five the team evaluated inquiry-basésiaes (IBLA). Detailed information
for each of these IBLAs is available in AppendixiDorder to fully develop and test
these IBLAs, it was necessary to gather all ofappropriate materials, define the
objectives, and conduct the actual activities, mheit@ng appropriate guidelines for how
much time should be spent in each process (bramstg, construction, etc.).
Afterwards, the team evaluated the activity to detee whether or not it would fit into a
typical class time span of 50 minutes, explaingtientific concept required, and be
appropriate for children, and if so, of what agedmnool year. The team created a lesson
plan for teachers to follow, which included objges, a list of materials, a user-friendly
outline/strategy, steering tips, and the conclusitiat should be drawn from the activity.
The teachers were also be provided with a homeassignment for the children to do
prior to the demonstration to help them begin thiglkabout the concepts that will be
taught so they can work with those concepts in midinstruction sheet was developed
as well to assist the children during the activfityrey prefer to read rather than hear
instructions. This included questions to assistéaeher in evaluating their
understanding, and to reinforce that understanding.

3.5 Assessing and Obtaining Professional Feedback

Testing of the Inquiry Based Learning Activitiedléovs a similar design of the
water rocket demonstration that the team conduatéte United States, prior to arrival
at the London Science Museum. The water rocket dstration significantly helped the
team develop lesson plans for these IBLAs. A febatiption of what has been
accomplished with regard to teaching materialvlable in Appendix D. Testing also
had to be conducted on the demonstrations basekeoffuick and dirty ideas. In addition
to the experience gained during the water rocketatestration pretest, the team had
access to staff members, like Glen Murphy, who wex&lusively with interactive
galleries and inquiry based learning activitieseifimput on the lesson plans and
demonstrations was essential to conducting aptgpaind comprehensive testing. Also,
there have been other sources of professional é&dbom the London Science
Museum staff. Visitor researchers, Rachel Church@wfie Davis, have helped develop
and test IBLAs. They have actually performed eatlvidy as if they were students to
obtain a better idea of how a child would reagh®activity, and what he would take
away from it. Their professional background on ging children’s behaviors has made
their contribution invaluable when developing tB&As, helping the team obtain a
better understanding of how to improve the questasked of students and teachers, and
how to better conduct the lesson plan.

One other member of the Science Museum staff, fiwdll has been extremely
helpful with assessing any safety concerns in destnations and IBLAs. Due to the
nature of these demonstrations, the team must beeavt any and all safety concerns so
as to not put any children in harm. For this reados has provided a risk assessment
sheet, which may be found in Appendix E. The teasidompleted this form for each
demonstration, prior to testing with the public eTtests that were conducted with the
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public were the most important when determining thbeor not the demonstration had a
significant “wow factor”. With the feedback fromeltombination of staff, professionals,
Explainers, and the public the team has completedgssed both the demonstrations and
IBLAS effectively.

3.6 Complete Recommendations to the LSM

The final result of this project consists of tweblemonstration kits and three
Inquiry-Based Learning Activities. The demonstratiats contain materials lists, parts
that are difficult for teachers to source, instiaas for construction, a lesson plan, and
techniques for assessing their effectiveness. fignany based learning activities were
produced and distributed in a similar manner, \aitremphasis placed on the lesson plan
and assessment techniques. The recommendatioridgade the museum contained
information that will allow staff to further devgdeeach demonstration and IBLA, and
include information regarding the reproducible maures used to create them originally.
While they were not the main goal of the projelag procedure followed was highly
regarded by the museum staff, so that future attemtpdeveloping demonstrations and
IBLAs may be easier and better structured than giéesnpts.
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4.0 Results and Analysis

This chapter shows the designs developed for Ihetldémonstrations and the
IBLAs described earlier. The first section will dgttwo of the demonstration designs,
the steps that were taken to obtain the currenttresd how it was evaluated. The
second section will describe one of the three IBit#sted and a short summary of their
outcomes and further recommendations for eacheothitee will be issued in later
sections.

Demonstrations

This section will describe two of the demonstrasieneated, and refer the reader
to the demonstration appendix for the remainingawestrations. Each demonstration
started with a brainstorming session that involeeching up with eight ideas. The eight
ideas were then drawn up in their most basic famllustration and presentation
purposes. After the ideas were formed they wersgmied to the Liaison, who decided
which would be best to pursue in the form of a wagkmodel. The descriptive term
designated to these demos was “Quick and Dirty’ tsach demo is given alpha-
numeric designation QAD # XX where XX is the numbé&the demo. These numbers
were used to refer to the demos since there wkenga number of ideas during the
project. A complete list of QAD ideas is listedAppendix C.

QAD # 02 Electrolysis of Water

The main goal of this demonstration is to use @@t to separate water into its
two basic components, hydrogen and oxygen. Basdédnolamental chemistry concepts,
the electrolysis of water demonstrates vividly thacept of compounds being composed
of atoms and molecules which can, and often dog kavy different chemical and
physical properties than the compound itself. Ia &xperiment, students will synthesize
hydrogen and oxygen gas from common water. Oncgdhbses are collected, they will
relight an extinguished match in the pure oxygeal, &ill ignite the hydrogen gas to
create a loud “pop” noise. This will conclusivelgrdonstrate to the students that they did
in fact produce these two gasses from water.

While rich in scientific information and pantomintee demonstration itself is
simple to carry out. A complete list of materiaggxdoe found in Appendix C, and an
image of the demonstration may be viewed in Figure
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Figure 4. The electrolysis demonstration in action.

The demonstration should be set up as follows:

1)
2)

3)

4)

5)

6)

7

Pour the water in to the beaker and mix in salbaitatio of approximately
10:1.

Connect the battery terminals to the graphite tsisg the crocodile (aka
alligator) clips and leads.

Fill both test tubes with water and submerge theside down in the beaker,
this is done so that the students will see thd@asing in the test tubes and
force the water level in them down.

Insert the graphite rods in the beaker and poséawrh in its own test tube.
Bubbles will begin to form from both graphite rottsidrogen from the — and
oxygen from the +.

After approximately 10 minutes once half of the togkn test tube is filled,
the battery is to be disconnected and the tesstpbked out. Care must be
taken to not lose any of the collected gas. Thalgeved by using a stopper
or one’s hand to cap the test tube as soon askEn out of the water.

Light and extinguish an extra long match, whilsistill smoldering quickly
insert it into the test tube containing oxygerwilt relight itself due to the
high concentration of the gas.

Light and insert an extra long match into the tebe containing hydrogen; it
will create a small explosion resulting in a lowmpping noise.

25



Students performing this experiment should be exgpds a brief chemistry
lesson where they are presented basic principlEs asiatoms, molecules, compounds,
and bonds. While there is an enormous amount ofnmdtion accompanying this
demonstration, it is simply designed to show howwmpound’s building blocks can be
very different from the original compound.

While it is not necessary to explain in detail gnecess of electrolysis, it is worth
noting that the electrodes merely attract ions #éinatthe opposite charge when
submerged in a liquid that conducts electricitye Tbrmula for the reaction is as follows:
2H,Op — 2Hyg) + Oy(g). It is for this reason that twice as much hydrogewmeygen is
collected.

Once the gasses are collected, students shoukkbd what they believe will
happen by inserting smoldering match in the oxyigshtube and a burning one in the
hydrogen test tube. A discussion should ensueefegral minutes as the finale itself is
very short. The teacher may present points suc¢blgscts only burn in the presence of
oxygen” or “hydrogen is combustible” if the studeatre not sure where to begin.

After the demonstration is complete and the hydnogmmbusted, the teacher
should reinforce the fact that the class was abtibtain hydrogen, a highly combustible
substance from plain water, a non combustible amiost Discussion can ensue about
various implications of producing hydrogen throwctrolysis such as powering cars.
Students may be apt to view this process as obtainee energy, if the discussion is
headed in this direction the teacher should brim¢he use of a battery, and how the
process requires current to be sent through therwat

While the demonstration is perfectly safe, theeesaveral points to consider. The
demonstration utilizes both fire and creates a kexgllosion. For this reason it may be
necessary for the teacher to ignite the gassdsldren are not of age to be dealing with
such an experiment. It should also be noted thagisalt as the electrolyte creates small
guantities of chlorine gas once the mixture becosadsrated. For this reason the voltage
must be kept below 9 and no one should be stamtiiagtly above the demonstration as
the electrolysis is being performed. This can b@dad by using washing soda instead of
salt as the electrolyte.

After developing the lesson plan and knowing thiitkeof how the
demonstration works, further evaluation was madprbfessional staff of the Science
Museum. Team testing has found a couple of unsatees such as forming the chlorine
gas and creating small explosions. After findingsthissues the team has presented them
to other staff such as Jin Nirwal and Glenn Murfdryfurther evaluation.

After presenting the demonstration to Jin, memlbén® health and safety
department, she instructed the team to fill oukRAissessment Forms for each
demonstration that will potentially be tested witile public. These forms quantify the
amount of risk associated with the demonstratianeRample of this sheet may be found
in Appendix E. After filling out the form, it was@sented to Jin again for final approval,
determining whether or not the demonstration isswered safe to test with the public.

This demonstration meets all of the criteria foreffiective classroom experiment.
It is simple, cheap, quick, entertaining, and lsawveich room for thought, discussion,
and further research. It was completed by oneeféhm members in school when he
was of this age and certainly left a lasting impras about the fun and relevance of
science.

26



QAD #08 Pulley System (Wall Pulley)

The main goal of this demonstration is to use afsptlleys to show mechanical
advantage by having a student lift an otherwiseossfble weight with relative ease.
Students will use an assembly of pulleys known bloek and tackle to raise either
themselves or fellow classmate several feet irathéBased on basic principles of
physics, this demonstration illustrates the thednywork and how to manipulate applied
force using simple machines to obtain a mechamidahntage.

Materials for this experiment are readily availadeny DIY shop and are
outlined in Appendix C. We were able to obtain gtling from Homebase™. The
assembly can be constructed from two long blocksaxid for supports and one flat
block of wood for a seat, a variable number ofgydland rope. The team constructed a
prototype of this system using six pulleys, as sadfigure 5. In general, it may be
assembled as follows:

1) Position and mount half of the pulleys in the cenfeone of the 2" x 2”s so

that they are next to each other.

2) Position and mount the other half of the pulleythia center of the other 2” x

2" so they are next to each other.

3) Attach an eye screw in each corner of the 1.5 18" x 2” on the side

without the pulleys.
4) Position the 2’ long 2” x 2” above the 1.5’ anddéad the rope through the
pulleys with the last length being tied to the@id 2" x 2”

5) Drill a hole in each corner of the 1” x 6” big ergbuto fit the rope through

6) Position the seat below the 1.5’ long 2" x 2" atheh to the eye screws
using rope threaded through the 4 drilled holesagle enough space for child
to be able to sit upright and not hit head on lopudtey assembly).
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Figure 5. The completed pulley assembly.

Students performing this demonstration should lposed to a brief physics
lesson prior to attempting the experiment. Thedeshould cover basic topics such
forces and work. Students should be made awareht@amount of work they do is
constant; if they decrease the applied force, thengase the distance they must exert on
the force, and vice versa. This point may be empbdswith the operation of the pulley
assembly as a simple machine.

The assembly should be propped up between two &ighle surfaces such file
cabinets or lockers as shown in Figure 6. Withabsembly secure, a student can sit on
the seat and be hoisted by anyone in the cladsding themselves, with minimal effort.
For a more dramatic effect the heaviest studenbeaasked to sit and the smallest asked
to lift them. Depending on the number of pulleysdighe smallest student will be able to
lift virtually any load. An assembly using 4 pultewill decrease the applied force by a
factor of 4; using 6 will decrease it by a factb6and so on.
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Figure 6. Erik lifting himself in Pulley System

Variations on this demonstration can be made adligeretion of the teacher.
Modifications include using pulleys of various diat@rs to emphasize gear reduction.
Mounting the 2’ long 2” x 2” on a solid surface buewall is also possible to create a
“tug of war” scenario in which one student pullstbe rope and several students
simultaneously pull on the 1.5’ 2" x 2”.

Depending on the number of students and pullegssitigle student should be
able to easily win.

It should be noted that while this demonstratiorolnes lifting students several
feet in the air, it poses virtually no safety hazadn our prototype we used Eliza
Tinsley™ brand wall pulleys designed to hoist flowets. With three of them sharing
the load we were safely able to lift a 155Ib teagmber.

After the demonstration is completed, discussiayukhensue about the practical
aspects of this simple machine. Students shoulizeghat there is a trade off between
applying minimal force and covering minimal distan©ther simple machines, such as
gears and levers can be discussed.
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While the assembly requires a fair amount of carasion, it only needs to be
done once as it is reusable in every way. It iskjto set up and dramatically emphasizes
the principle of work using simple machines.

After developing the pulley system, the demongiratias presented to education
professionals for more feedback. As with the etdgsis demonstration it has also been
presented to Jin and a Risk Assessment Form wagletad pointing out potential
dangers associated with the Pulley System.

Not only has this demonstration been shown to dintthas also been shown to a
pair of Explainers, Melissa and Matt. Their feedbas to how lesson plans and overall
design of the demonstration might be improved lenkvery helpful. During the
discussion it has been found that this Pulley Systas great potential for an outreach
demonstration with a much bigger “wow” effect. Soaig¢hese possibilities include
increasing the size of the baseboard so that theymystem can lift up multiple children
and adding a slide track to increase or decreaspitmber of pulleys to demonstrate how
pulleys can reduce force. It would also be possiblereate a “tug-of-war”, in which a
stronger person or an adult pulls one end of thleyaystem while a smaller person or a
child pulls on the other end. This would then shbemechanical advantage the child
has, and he should be able to beat the strongsompearith relative ease.

Performing these demonstrations for professionasspgnovided a great deal of
insight on how to improve overall quality of demtrations. The team has discovered
many ways to make the pulley system stronger aryd weamake it more fun to use.
Though not all demonstrations are as developelisptlley system, the same process is
taken with as many demonstrations as time allotted.
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Inquiry-Based Learning Activities

Inquiry-Based Learning Activities (IBLAS) are irstggative lesson plans
where students use materials and skills availabbetter understand a certain concept by
solving a problem. In this section one of the tHideAs will be described in detail. The
process used to initially investigate the IBLA walso be discussed, including the results
achieved. A full explanation of all the IBLAs caa found in Appendix D.

IBLA #01 Sound

For this IBLA, the objective is to
teach children about the science of
amplifying and propagating sound. The tee
set up an activity in the theme of spies and
detectives. The setting is “a place” where |
there is a secret meeting of criminals E
plotting to contaminate a water supply. The
goal is for the detectives/spies (the studen
to figure out what the criminals are saying
and therefore can find where the
contaminated substances are (the recordi
The students only have common househol

objects to help hear what the message is. _ . o

Also. the students have to be a certain Figure 8: The materials used in the initial test run of tke
! IBLA.

distance away from the source of the soun

or else the criminals will find out they are thefée team developed a lesson plan, a

homework sheet, and a worksheet for this IBLA, Wwhtan be found in the IBLA #01

section of Appendix D.

The team compiled a materials list including metawls of varying sizes, PVC
piping, funnels, etc. Items that are not usefuleaadso included, such as packaging
material and cup coasters. These types of itemsadlexl red herring items. The sound
recording is placed in some corner of the roomgchvlaicts as the location where
criminals develop their plan. The “contaminatedstabce” can be a household substance
placed in a plastic bag, which should be hiddethénlocation designated in the
recording.

Prior to the actual activity the teacher must hanta “homework sheet” for the
students to complete. Some of the questions inclWdate down three materials that
you think sound would travel well through and thti@@gs you think would not carry
sound well”, and “Look up the definition of a vaeainot the one you clean the floor
with!). Do you think sound would travel well throug vacuum? Why or why not?” The
homework sheet can be found in Appendix D. By agkitese types of questions, it
creates a better understanding of sound, increasisity, and raises anticipation.
Asking questions for children can be a very difficask. The team had previous
experience with asking questions based on the ViRateket demonstration conducted in
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the United States, and the team has gone ovewitinsnultiple professionals at the
Science Museum.

In theory, the children should be
performing the actual activity in three
steps: Brainstorming ideas, building the
product, and testing the machine. It sho
take about 10 minutes to brainstorm, 20
minutes to build, 15 minutes for testing,
and the rest of the time should be used f
discussion and stating conclusions. A
worksheet has been developed for the
children to follow during the activity
which can be found in Appendix D. This
worksheet is a guide for children to help
organize their thoughts when doing this

activity.

To stimulate originality and
ingenuity, this activity can be set up competitywélhere is a rubric included in the
lesson plan which the teacher can judge each prddised on ingenuity, originality,
aesthetics, applied knowledge, team work, and ssagethe machine. This rubric can be
seen in the lesson plan in Appendix D. Each cdtehias a certain weight to it and the
teacher can then give out a prize for the team lehldls the best device.

The team has also developed many prototypes thaggent a variety of ideas that
children could have. There is a list of these jidsgprojects listed in the lesson plan.
These possibilities are a way of demonstratingéahers what the children could be
building, providing the teacher with some indicatmf how to guide the children.

After fully developing the IBLA with the team, itag presented to professionals
of the Science Museum, just as the demonstrati@ns.vAfter gathering general
feedback from the Liaisons, the team then furthefuated the IBLA by bringing it to
visitor researchers in the Science Museum, Racheted and Sofie Davis.

During the meeting time with Rachel and Sofie #em had one hour to show
them the IBLA. Therefore, it seemed appropriateetdrachel and Sofie perform the
actual IBLA. While they performed the IBLA, onetbie team members took
observational notes while other members observddiaswered any questions that they
had.

Figure 9. Example of possible sound project.

It was interesting to find a different view of hawvapproach this IBLA. As the
team is comprised up of four engineers, there ar@io approaches that may seem more
immediately obvious than others. However, when Rbahd Sofie performed the
demonstration it was evident that they approachedlallenge differently than
expected. Instead of using the nails to createdwibrations with the metal bowls, they
used the nails in a different manner. Eventualigytcame up with an idea that was
similar to one of the projected ideas presentefpipendix D. This was the tubing idea in
which PVC piping and poster board tubing was cotetetogether to propagate the
sound.

After performing the IBLA it was clearly evidentahthey enjoyed themselves
and used good team work to find different waysropgagating the sound. Their
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constructive criticisms on the developed lesson,plorksheets, and homework sheets
have greatly improved the IBLA. Though this partatuBLA has not gone through
public testing, due to time constraints, it is ne&mdo so in the future.

All three of the IBLAs have been fully developedidrave been tested differently
to obtain different perspectives. The Sound IBLA baen tested with Rachel and Sofie,
the Mystery Powder IBLA has been tested with thpl&xers and the public, while as
the Solar Power Toy IBLA has been tested with #&zart, as there were difficulties with
the power of the light being used. Evaluating th&te\s with professionals has proven
to be a significant way of improving the overalladjty of how they work.
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5.0 Recommendations

For each QAD and demonstration developed, a compkdtof recommendation
sheets were created. These recommendation sheetpreeuced to demonstrate to the
staff of the Science Museum, in detail, how eadaishould work. Each
recommendation sheet includes: required matetals,to build, how it works, further
development needed, pictures, etc. It was alsalsetievelop a quantitative rating
system for assessing the demonstrations basedthpaiservations of team members
and input from the museum staff. A rating systens aa@ded in the recommendation
sheet, as shown in figure 7, to exemplify how ed@monstration obtained certain
objectives.

WOW Factor 9303830393
Risk 19303

Cost Effective LE
Find Materials LEERT
Ease of Use TS
Building Time LHEE

Figure 10. Rating System Chart

The rating system was applied to each demonsatratid QAD and each
objective was evaluated based on a controlledfsgierific rules to avoid bias, as seen
below.

WOW Factor — Perceived based on the experience of both the project team and

museum staff.

¥ = No excitement, not fun, boring

Lt = Little bit of fun but not very exciting
LE = Fun and little bit exciting
LEEEE = Very fun and exciting
LEEE = The most fun and exciting

Risk — Based on average risk assessment or perceived risk
¥t = Fatally Dangerous, needs heavy development

¥t = Serious Injury may occur, needs development

LHt = Somewhat dangerous, needs some development

LEEL = Little risk or minor injury, just about ready for testing
Lt = Safe, ready for testing
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Cost Effective

¥t = >100£

8% = 41£ - 100£
LS = 21£ - 40£
L = 11£ - 20£
LEHIEE = <10£

Find Materials

Lt = Unique items required, extremely hard to find

£5X = Not very common items to find

LH3t = Everything can be found within reason
LY = Everything can be found with local shopping
LY = Classroom/Science lab items

Ease of Use

Lt = Very hard to use, hard to make it work
L8 = Hard to use

LHE = Not very user-friendly to use
LY = Easy to use

LR = Easy, simple, user-friendly

Building Time

¥ = >2 hours

L% = 1 hour — 2 hours

L = 31 minutes — 1 hour
LR = 10 minutes — 30 minutes
LS = <10 minutes

A full detailed list of recommendation sheets #meir rating system can be found
in Appendix C.
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6.0 Conclusions

The goal of this project, bringing interactive leizig, hands on discovery, and
having fun, into British classroomhas has led t@imunot only on the part of the
students, but of the team members themselves. Ajbetive of the project is to generate
interest within the student, to make them awarhefscience around them, to make them
question and explore. For all this to happen, thdent must be presented with an
activity that stimulates their curiosity; somethimgginal, fun, and exciting.

With this premise, the team set about developlagstoom demonstrations and
inquiry based learning activities to be sent taosth spanning all of the UK. The purpose
of these demonstrations and activities being taiwgaite interest and awareness from the
student, who will not only have fun performing taexctivities, but will be inspired to
continue to feed their desire for knowledge. foisthis reason that both the inquiry
based learning activities and demonstrations webetdeveloped with a tremendous fun
factor built in, to generate curiosity within theident in regards to the subject matter.

Development of the demonstrations and activitesioed at a tremendous rate.
By the end of the project, 26 demonstration ideasevpresented, with 14 being
developed with some being brought to the protostpge. In addition, two of the three
inquiry based learning activities were fully deyadd. Each pursued idea went through a
rigorous testing phase being presented to museafintsam members, and the public.
Modifications were made; improved prototypes ars$de plans were represented and
reported, with the entire collection of work dorregented in Appendix C and D.

While the project ends with the culmination of tkeam, the implication of the
work lasts forever. Direct testing with staff mem$and especially children has
demonstrated just how much fun can be had witm#@ielearning when it is presented
in a certain way. Genuine smiles and joyful expoessfilled students who made use of
the demonstrations and activities completed byebhen. While there are considerable
advances to make to the prototypes outlined iragipendices, there is no doubt that our
work has, and will continue to inspire and exciéddren about science and the unknown.
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Appendix A: Water Rocket Demonstration Pre-Test

In preparation for the work that will be done on site in London the team
developed a demonstration that was tested on a group of children very close to
the required age range (ages 8-14). The idea is to get a feel for children’s
reactions to demonstrations, to know what it takes to build a demonstration, and
to experience first hand what keeps children engaged. For our demonstration we
constructed a water bottle rocket launcher (see Appendix C for pictures and
materials list) and used small water bottles as rockets. The motivation for this
water rocket demonstration was to experience first hand how children will react.
However, this demonstration will not be used in the UK as it only serves as a
sample of what it will be like while working in the London Science Museum. The
team has learned a great deal of information such as the attention span of
children, developing interesting demonstrations, and the feasibility of teaching
concepts to children.

To begin the demonstration, one of our group members introduced the
lesson with background materials and science concepts behind how this rocket
system worked. She presented ideas about velocity, mass, pressure, force, and
momentum. In order for the children to be actively engaged for the introduction
the team needed to spark their curiosity. The team did this by letting the children
roam around while the team prepared for one rocket firing. As soon as the rocket
blasted off, all the children were instantly intrigued and came near the rocket and
wondered what happened. This made it easier for the background lesson since
the children were interested in how they could do this. Afterwards the group of
12 children was split up into pairs of two. Each pair was given a rocket and told to
line up so they could perform their first launch. The first set of launches was
performed with no water to set a bench mark for the children, without it they
would not see how the addition of mass affects flight. For the next set of launches
the children were asked to apply what they learned earlier by telling the
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supervising demonstrators how much water they wanted to add to the bottle. If
there was extra time, more launches were conducted within the remaining time.
Immediately after the demonstration the students were asked to complete
a written assessment of their experience. The assessment included both
questions to target technical knowledge achieved and engagement during the

demonstration.

Observations

Overall, most of the children were very excited to perform the water rocket
demonstration. Observations and notes were documented by using cameras and
video recorders. It was set up, so that one person pumps up the water rocket to
30psi and the other releases the rocket by pulling on the release valve. In theory,
the children were suppose to switch roles during the second water rocket trial but
that was not the case for each pair. It seemed that pumping the rocket was more
entertaining than releasing the valve and therefore the teams fought over who got
to pump. The more assertive students usually pumped while the more passive
one seems to release the valve.

In terms of engagement, the students did pay attention for the first few
rocket rounds but after the third or fourth trial the children seem to lose interest,
especially those who already blasted their rocket first. They would show
disengagement by running around the gym, not watching the actual
demonstration, or arguing about who would pump the rocket next.

During the introduction of giving the students background information of
how the water rocket works was rather successful. By setting of a sample rocket
demonstration in front of the kids, it really seemed to get their attention. The
introduction was fairly simple and it seemed that most of the children understood

the basic scientific concepts behind the water rocket.
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Figure 11: Interaction with Water Rocket

Survey Analysis
A short survey was given to the students after they performed the

demonstration. The survey consisted of general questions (age), whether they
had fun or not, and whether or not they understood the scientific concept. See
Appendix B for the actual survey that was conducted.

After analyzing all the surveys, it was noted that every single child wrote
that they had fun performing the water rocket demonstration. Some of the
responses were “Yes, | had fun doing this project.”, “YES!!”, “Of course,
extremely fun”. It was apparent, that this water rocket demonstration had
succeeded in covering the exciting and fun aspect.

Another one of the questions on the survey was “What was the best way
of getting the rocket in the air? (How much water and pumps of air did you use?).
This question was to assess whether or not the children understood the science
behind how a water rocket goes up. Unfortunately, all the answers varied,
including “...pumping it as hard as you can. | used an inch of water”, “I used
some water and a few pumps”, “Use a lot of water”, and “Only a little amount of
water”. After looking at all the surveys it cannot be concluded that the students
as a whole learned the theory of how a rocket goes in the air. Perhaps, this
could have been different if the children had more time to play around with the
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rocket by having more water rocket runs. Due to time constraints, the students
could only perform two runs per pair. Also, it seems that the question itself was a
bit confusing for the children to answer. Some of the answers did not make
sense and some of the answers were not related to the question. For future
reference, the questions have to be clearer and possibly word the question into a
multiple choice format.

Figure 12: Student Surveys on Water Rocket Experiere

What the Team has Learned

By doing this water rocket demonstration first hand with an actual group of
children, provided us valuable insight on a sample of what the team will be doing
in London. During the team’s stay in London, it will be very difficult to actually
assess these demonstrations to kids because the main goal of this project is to
develop the prototypes strictly. Also, even if the team builds a fully functional
demonstration that is ready to use, it can be rather difficult to actually use in a
classroom since there are numerous things to consider. Some of these
dilemmas include: scheduling a time to set up these demonstrations, whether or
not teachers are explaining these concepts at the time, or simply if the teachers
have different plans. However, conducting this demonstration in Worcester gives
the team a good taste of what demonstrations should include.
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Having the children interacting with the demonstration is essential to keep
them engaged, excited, and entertained. This was clearly shown not only by the
responses from the surveys but also clearly shown during observation using a

camera and video recorder to document.
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Figure 13: Rocket Launch

The team has learned that each demonstration has to be shorter than five
minutes long. Based on the water rocket demonstration, kids lose interest after
the third or fourth rocket run. By keeping the demonstrations shorter, kids will be
more engaged since they will notice that their turn to perform the demonstration
IS soon. It was shown in our demonstration that down-time in between rocket
runs proved to be a problem. During the down-time the children were not as
engaged and rowdiness was a concern. So, the team has learned that having a
side activity between rocket demonstrations may be necessary to keep them
occupied. Some of these side activities could include: planning and preparing for
the next water rocket launch, conducting another survey, talking with an
instructor of how their demonstration could be improved on, etc.

Another point that was learned from this experiment was that in order to
convey the science behind the water rocket more trial runs were needed.

Although, this may seem contraindicating to the last point, more time is needed to
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learn. If more time was given, each pair of students could have fiddled with the

water rockets more and learned to see that using 1/3 water and a good amount

of pressure will blast the rocket at a maximum. However, time was a constraint

and this may have been a factor in the learning process. On the other hand, if

more time was given, the attention span and excitement factor may have gone

down. A good balance between fun, control, and learning is very difficult to

achieve.

Positives

Negatives

* First hand experience

+ Teaches valuable information about
what demonstrations needs

* A sample of what the team will be
doing

e Can compare this demonstration to
future demonstrations built in
London

» This provides information we cannot
have in London.

* Found ways to make
demonstrations, in general, exciting
and entertaining

e Took limited resources/materials to
build the water rocket (cheap and
reproducible)

Difficult to plan

Giving proper background
information for children to retain is
difficult

This actual demonstration cannot
be used in a classroom (outside or
high ceiling places only)

Hard to keep students under
orderly fashion

May not be possible to set up this
kind of arrangement in London.

Table 3 Summary of Outcomes

What could be Improved

During the pre-test there could have been many ways to improve the

overall experience for everyone (children, mentors, and instructors). First, there

were too many children with one water rocket. In an ideal situation, a rocket per
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four or five children would have resulted in less down-time and more engagement
to how it works. This could have increased a child’s learning experience and
increased interaction with the water rocket. For each water rocket, however,
there should be at least one instructor and one mentor to keep the students in
orderly fashion. Having the mentor will keep the kids under control, and the
instructor can go step by step with each team to show the science of the water
rocket. Also, this gives a chance for the students to ask questions about any
confusion they might have.

The surveys could also be improved upon quite significantly. This was
an excellent opportunity to gather first hand experience of what to expect from
children surveys. After conducting this survey, it seems that the major problem
was that the questions were not clear enough. Other than the general questions,
asking about how the water rocket got in the air was challenging for the kids to
answer. Therefore, by breaking down the question, “What was the best way of
getting the rocket in the air?” could make it easier for kids to understand. Some
of the questions that may result from that include “How much water did you use
during the experiment?” A following question could say, “Did using more water or
less water get the rocket higher in the air?” The same kind of patter could be
asked about pressure.

Lastly, if the team had time, another survey would be given out to
the same students a couple weeks later to see if they had retain any
knowledge about the water rocket experience. By doing this, the team can
decipher if the demonstration had any sort of impact on the children. If a
child remembers the information, then the team would know that they
enjoyed the demonstration and perhaps spark more of their curiosity about

the subject matter.
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Worcester Pre-test Water Rocket Demonstration Surve vy

Water Rocket Survey

1. How old are you?
2. Did you have fun doing this project?
3. Did you think that this project was too hard, too easy, or just right?

4. What was the best way of getting the rocket in the air? (How much water and
pumps of air did you use?)

5. Draw a small picture of your Water Rocket experience!

a7



Pictures and Material List of Water Rocket

Material List:

Bicycle pump
Plastic Tubing
Pressure Gauge
Water Rocket Stand
O-rings

Release Valve
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Appendix B

Exhibits Considered for

Possible Demonstration:
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Appendix B: Exhibits Considered for Possible
Demonstrations

Big Machine - is a machine that consists of many other smaller machines and is
loosely based on the current Launch Pad’s Grain Pit. Visitors control the
movement of grain by altering the use and design of the smaller machines (e.g.
pulley, lever, wheel and axel) and the speed at which they operate.

Electro Magnetic Induction Man - is a multi station exhibit which controls the
actions of large and humorous sculpture/automata (e.g. a person) placed clearly
in the middle of the exhibit. Visitors will build electro- magnetic devices to trigger
some movement in the sculpture e.g. eyes opening or trousers falling down.

Electrolysing water to produce Hydrogen — using a battery wired to two
graphite rods (or pencils) to split water into Hydrogen and Oxygen. This supports
the ‘Hydrogen Rocket’ exhibit in Launchpad.

Energy Store — where visitors pump a large volume of water from a low tank to a
higher one. When released, the water drives a water turbine which in turn
powers a generator. The electricity produced by the generator then powers a
colour TV which presents a live shot of the visitors at the exhibit.

Image relay — where visitors use lenses to magnify, reduce, invert or sharpen
images.

Inefficient Machine — which is an illustration of energy transfer and the principal
of the conservation of energy. Visitors will start the machine e.g. a ball rolling
down a marble run, with some large forceful motion and as the ball travels down
the run, energy is transferred in different ways e.g. sound, motion, light, gravity,
meaning that at the end of the run the ball has only enough energy for a tiny,
humorous motion.

Invisible Visible — where visitors alter the frequency of sound and see how this
changes the jumping patterns in a liquid-filled tube.

Vibration Station - where the visitors put electronic ‘clickers’ on a range of
everyday boxes and tubs e.g. pizza boxes to make music.

Wave tank — which consists of a large water tank which visitors can interact with
to produce waves. The focus of this exhibit is the energy transfer involved within
the tank.

Yacht Racer — where visitors control air blowers and the angle of the sail to
move wheeled yachts to a destination.
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Appendix C

“Quick and Dirty”

Demonstrations
I




Appendix C: “Quick and Dirty” Demonstrations

Contents

Title

Description

QAD# 01

Water Rocket

A combination of water and pressure is used t
propel a plastic soda bottle high into the air.

Electricity is used to separate water into Oxygé¢
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QAD# 02 Electrolysis of Water and Hydrogen gas.

QADH 03 Hot Air Balloon A heat source is qomblned W|th a thin and ligh
bag to create a miniature hot-air balloon.

QADH# 04 Convection Propeller A light propeller is turned using a concentrateg
heat source.

QADH 05 Deflecting Laser A Iaser.beam IS deflec'ted using the refractive
properties of heated air.
A clear plastic tank is partially filled with water

QAD# 06 Wave Tank and used with a paddle to create and visualize
waves.

QADH 07 Lemon Battery _Two different type metal electrodes are inserte
into a lemon and used to create a voltage.
A series of pulleys are used with rope to create a

QAD# 08 Pulley System system that can be used to lift heavy weight w
ease.

QAD# 09 Crazy Machine .Intere.stlng machines are used to transfer ener|
into different types.

QAD# 10 Floating on CO2 Bubk_JIes_ are_floa_ted on CO2 gas, seemingly
floating in mid-air.
The highly energetic reaction of soda and men

QAD# 11 Mentos and Soda Rocket | candies is used to propel a bottle rocket into th
air.

QAD# 12 | Creating a Vacuum or Candle BoaTWO experiments designed to demonstrate the
effects of a vacuum.

QADH 13 Paper Airplane Launcher Cpunter rotating disks are used to launch pape
airplanes.
A candle and a metal coil are used to create a

QAD# 14 Heat Boat heat differential in the water, propelling the bog

: Glass is tempered along a certain line, and the

QAD# 15 Breaking Glass guenched and broken along that line.

QADH 16 Imploding Can Steam is super_heated |q5|de the can, then seg
and cooled rapidly causing the can to collapse

QADH 17 Water into Wine A magic trick, a hidden pH indicator is reveale

when a magic powder is added to water.
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A capacitor is discharged through a wire coil
which is wrapped around a tube containing a

QAD# 18 Electromagnetic Accelerator metal projectile. The instant magnetic field
propels the projectile out of the tube.
The principles of momentum are combined with

QAD# 19 Gaussian Launcher magnets and steel ball bearings to launch the steel
ball bearings.

QAD# 20 Flammable Methane Bubble | Methane gas is pumped into a bubble column jand

Column ignited.
e Liquid nitrogen is added to a mixture of warm
AD# 21 i X

Q Liquid Nitrogen Bubbles soapy water, which rapidly creates many bubbles.

QADH# 22 Match Rocket A single match is used to create a miniature
rocket, launching the match.
A bed of nails is used to show how weight

QAD# 23 Bed of Nails distribution can keep a force from destroying an
object.

QAD¥# 24 “Walking on Water” Corn flour ar_1d Wat_er mlxturg is used to show
non-Newtonian fluid properties.

QAD# 25 Water Explosion Elemenf[s in the first column of the_perlodlc table
are put into water to create explosions.

QAD# 26 Discharging a Capacitor A charged capacitor is shorted with a small wire,

which in turn vaporizes the small wire.
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Each QAD is rated and each objective was based orcantrolled set of
criteria, illustrated below. Rating boxes can be fond in the upper right corner of
the each QAD recommendation page.

WOW Factor — Perceived based on the experience of both the project team and

museum staff.

¥¥ = No excitement, not fun, boring

Lt = Little bit of fun but not very exciting
L = Fun and little bit exciting
LEEEL = Very fun and exciting
LEEE = The most fun and exciting

Risk — Based on average risk assessment or perceived risk
¥t = Fatally Dangerous, needs heavy development

¥t = Serious Injury may occur, needs development

L = Somewhat dangerous, needs some development

LEEL = Little risk or minor injury, just about ready for testing
Lt = Safe, ready for testing

Cost Effective

3t = >100£

L3¢ = 41£ - 100£
LS = 21£ - 40£
L = 11£ - 20£
LEHEE = <10£

Find Materials

¥t = Unique items required, extremely hard to find

¥t = Not very common items to find

LH3t = Everything can be found within reason
LEt = Everything can be found with local shopping
LEEEE = Classroom/Science lab items

Ease of Use

¥t = Very hard to use, hard to make it work
L% = Hard to use

LHt = Not very user-friendly to use
THAHY = Easy to use

LEEEL = Easy, simple, user-friendly

Building Time

3t =>2 hours

L% = 1 hour — 2 hours

L = 31 minutes — 1 hour
LEHAEE = 10 minutes — 30 minutes
LY = <10 minutes
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QAD# 1

Water Rocket
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Water Rocket

WOW Factor jeseseseses

Risk feseses

Cost Effective 20563

Find Materials sesezes

Ease of Use

Building Time Lt

Team Name: Science Museum 1
Activity: Water Rocket
Material Specific Use
Bicycle pump Pumps Rocket

Pressure gage

Measures Pressure

Plastic Tubing

Directs Air

Category: IBLA Demonstration
End Use: Classroom | Outreach
(Professional)

Tested: Yes No

Effect Yes No

achieved?

Tested: Untested Team Tested
Explainers | spphie and Rachel
Teachers Classrooms
Families Staff:
Other: U.S. Pre-test

Further development options:

0.5” PVC Pipe General Support
PVC Fittings Attaches Piping
PVC Glue Attaches Piping
Stem Valve Connects Rocket
O-rings Holds Rocket
0.125” Steel Rod Launch Pin
Bottle Rocket

Tent Stakes Supports Rocket
Twine Release Valve
Eye Screws Holds Rocket

» Needs risk assessment form completed
« Was not one of the chosen QAD to be
developed

Setup Required:

Extensive set-up procedure can be found in IQP

report under Appendix A

Performing the demonstration:

1. Fill up the bottle with some amount of water

2. Place bottle over the PVC piping and secure
it over the o-ring.

3. Pump bicycle pump to pressurize the bottle
(30 psi is plenty)

4. Pull on string to release the rocket

Problems
Encountered:

When children tried to pull on the string to
release the rocket it usually did not work without
a little assistance from one of the team members.

Also, the general support of the rocket could

have been sturdier.

How could this be improved?

 Design better release valve
 Stronger base to keep launcher from tipping
over

How could this be scaled up?

» Use 2 litter bottles and more water
 Build up bigger pressure using automated
pump instead of bicycle pump.
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National Curriculum:

KS2
Investigative skills
« ask questions that can be investigated scientifically and decide how to find answers
e consider what sources of information, including first-hand experience and a range of
other sources, they will use to answer questions
e think about what might happen or try things out when deciding what to do, what kind of
evidence to collect, and what equipment and materials to use

Obtaining and presenting evidence
« check observations and measurements by repeating them where appropriate

Considering evidence and evaluating
e use observations, measurements or other data to draw conclusions
« decide whether these conclusions agree with any prediction made and/or whether they
enable further predictions to be made
« use their scientific knowledge and understanding to explain observations, measurements
or other data or conclusions
* review their work and the work of others and describe its significance and limitations.

KS3

Ideas and evidence in science
< thatitis important to test explanations by using them to make predictions and by seeing if
evidence matches the predictions

Investigative skills
e use scientific knowledge and understanding to turn ideas into a form that can be
investigated, and to decide on an appropriate approach
« decide whether to use evidence from first-hand experience or secondary sources
e carry out preliminary work and to make predictions, where appropriate

Considering Evidence
e use observations, measurements and other data to draw conclusions
* decide to what extent these conclusions support a prediction or enable further predictions
to be made
< use their scientific knowledge and understanding to explain and interpret observations,
measurements or other data, and conclusions

Evaluating
« consider anomalies in observations or measurements and try to explain them
« consider whether the evidence is sufficient to support any conclusions or interpretations
made
e suggest improvements to the methods used, where appropriate.

Forces and Motion
* how to determine the speed of a moving object angsé the quantitative relationship between
speed, distance and time
« that the weight of an object on Earth is the result of the gravitational attraction between its
mass and that of the Earth
< that unbalanced forces change the speed or direction of movement of objects and that
balanced forces produce no change in the movement of an object
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ways in which frictional forces, including air resistance, affect motion [for example,
streamlining cars, friction between tyre and road]
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General Recommendations:  There has been a lot of development with this demonstration. The team has
spent an entire term devoted on this prior to coming to London. It has been tested with the team and on
groups of kids. Many observations were made and the children were thoroughly “Wowed”.

Pictures:

LIWPL CIWPL
DAVE WILSON ‘80 8 VAL OUERRY

NEW ENGLAND NEW ENGLAND
ALL AMERICAN PION MPION
3 NCAA Division I11 CHAMPION CHAMPION

bsogsy TR 6k w0 HVT. 1979 VLI

60



QAD# 2

Electrolysis of
Water
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Electrolysis

WOW Factor joSeseSeses
Risk 1039393
Cost Effective jeseseses
Find Materials jeseseses
Ease of Use T
Building Time jeseses

Team Name: Science Museum 1 Category: IBLA Demonstration
Activity: Electrolysis End Use: Classroom | Outreach
(Professional)
Tested: Yes No
Material Specific Use Effect Yes No
Beaker Holds Solution achieved?
Test tube Collects Hydrogen
Matches Initiates Pop Tested: Untested Team Tested
9V Battery Power Source Explainers Sophie and Rachel
2 X Graphite Rods Release Gases Teachers Classrooms
2 X Alligator Clips Conducts Electricity Families Staff: Sam, Maria,
Alex
Other:

Further development options:

Combine the oxygen and hydrogen to make an

explosion versus just burning the hydrogen

Setup Required: Performing the demonstration:

1. Pour the water in to the beaker and mix in 1. Insert the graphite rods in the beaker and position each
in its own test tube. Bubbles will begin to form from both

salt with a ratio of approximately 10:1. ,
; . hite rods. Hyd from the — and from th
2. Connect the battery terminals to the graphite %”"p 1te rods. Rydrogen from fhe —and oxygen from te

rods using the crocodile clips and leads. 2. After approximately 10 minutes once half of the

3. Fill both test tubes with water and submerge hydrogen test tube is filled, the battery is to be

then upside down in the beaker, this is done so disconnected and the test tubes pulled out. Carg must
. . . be taken to not lose any of the collected gas. This is

that the students will see the gas forming in the

i achieved by using a stopper or ones hand to cap the
test tubes and force the water level in them test tube as soon as it's taken out of the water.

down. 3. Light and extinguish an extra long match, while it is still
smouldering quickly insert it into the test tube containing
oxygen. It will relight itself due to the high concentration
of the gas.

4. Light and insert an extra long match into the test tube
containing hydrogen; it will create a small explosion
resulting in a loud popping noise.

Problems
Encountered:

How could this be improved?

Graphite rods are difficult to source Making the set up more user friendly.

Putting the graphite rod in the test tube was
sometimes challenging

How could this be scaled up?

Do the experiment under very cold conditions
such as dry ice. This should create snow.
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National Curriculum:

KS2
Obtaining and Presenting Evidence
e use simple equipment and materials appropriately and take action to control risks

Separating Mixtures of Materials
e to use knowledge of solids, liquids and gases to decide how mixtures might be
separated.

Electricity
« to construct circuits, incorporating a battery or power supply and a range of switches, to
make electrical devices work [for example, buzzers, motors]

KS3
Elements, Compounds, and Mixtures
* how elements combine through chemical reactions to form compounds [for example,
water, carbon dioxide, magnesium oxide, sodium chloride, most minerals]with a definite
composition
« how to separate mixtures into their constituents using distillation, chromatography and
other appropriate methods.

Patterns of Behavior
« how metals react with oxygen, water, acids and oxides of other metals, and what the
products of these reactions are
< about the displacement reactions that take place between metals and solutions of salts of
other metals

« how a reactivity series of metals can be determined by considering these reactions, and
used to make predictions about other reactions
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General Recommendations:
This demonstration has been highly successful and has lots of potential to be part of a classroom or
outreach demonstration.

Pictures:
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QAD# 3

Balloon

Hot Alr
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Hot Air Balloon

WOW Factor jeseseses

Risk jeseses

Cost Effective jeseseses

Find Materials jeseseses

Ease of Use 20303

Building Time L

Team Name: Science Museum 1
Activity: Hot Air Balloon
Material Specific Use

Heat Source (Candle,| Creates Convection
High wattage light
bulb, Heat gun...)

Plastic Grocery Bag /| Holds Air

Dry Cleaning Bag Alternative Bag

Wooden Dowels Holds Heat Source

Category: IBLA Demonstration

End Use: Classroom Qutreach
(Professional)

Tested: Yes No

Effect Yes No

achieved?

Tested: Untested Team Tested

Explainers | sophie and Rachel

Teachers Classrooms
Families Staff:
Other:

Further development options:

No development has been made. Strictly a QAD

Setup Required: (In Theory)

1. Place candle or other heat source on wooden
dowel.

2. Attach the plastic bag or dry cleaning bag
onto the wooden dowels.

Performing the demonstration:

1. Hold plastic bag over the candle. Make sure
that the plastic bag does not touch the
candle.

2. Light the candle and wait for bag to fill with
heated air.

3. Intheory, the heat should cause the bag to
lift the candle and dowels into the air.

Problems
Encountered:

Not Applicable

How could this be improved?

Not Applicable

How could this be scaled up?
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National Curriculum:

KS2
Investigative Skills
« ask questions that can be investigated scientifically and decide how to find answers
e consider what sources of information, including first-hand experience and a range of
other sources, they will use to answer questions

Obtaining and Presenting Evidence
e use simple equipment and materials appropriately and take action to control risks

Considering Evidence and Evaluating

* make comparisons and identify simple patterns or associations in their own observations
and measurements or other data

e use observations, measurements or other data to draw conclusions

« decide whether these conclusions agree with any prediction made and/or whether they
enable further predictions to be made

« use their scientific knowledge and understanding to explain observations, measurements
or other data or conclusions

* review their work and the work of others and describe its significance and limitations.

KS3
Investigative Skills
« use scientific knowledge and understanding to turn ideas into a form that can be
investigated, and to decide on an appropriate approach
< decide whether to use evidence from first-hand experience or secondary sources
e carry out preliminary work and to make predictions, where appropriate

Obtaining and Presenting Evidence
e use arange of equipment and materials appropriately and take action to control risks to
themselves and to others

Considering Evidence and Evaluating
e use observations, measurements and other data to draw conclusions
« decide to what extent these conclusions support a prediction or enable further predictions
to be made
< use their scientific knowledge and understanding to explain and interpret observations,
measurements or other data, and conclusions

Conservation of Energy
< how energy is transferred by the movement of particles in conduction, convection and
evaporation, and that energy is transferred directly by radiation
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General Recommendations:
In theory, it should not take long to set up.
Lots of safety issues needs to be taken into consideration

Pictures: Not Applicable
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QAD# 4

Convection
Propeller
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Convection Proeller

Team Name: Science Museum 1
Activity: Convection Propeller
Material Specific Use

Rotating Device

Spins with Heat

Heat Source

Spins Propeller

WOW Factor TR
Risk S
Cost Effective 3OS
Find Materials jeseseses
Ease of Use foses
Building Time jeseses
Category: IBLA Demonstration
End Use: Classroom Qutreach
(Professional)
Tested: Yes No
Effect Yes No
achieved?
Tested: Untested Team Tested
Explainers | Sophie and Rachel
Teachers Classrooms
Families Staff:
Other:

Further development options:

No development has been made. Strictly a QAD

Could be used as part of the “Inefficient Machine”

Setup Required:

Performing the demonstration:

1. Have children design a propeller using a
piece of computer paper. The shape
should be created in a way so that it will
spin when it is blown on.

1. Mount the propeller up on the ceiling.

2. Using the heat source place directly
underneath the propeller

3. The heat should cause convection and in
theory, the propeller should spin.

Problems
Encountered:

How could this be improved?

Not Applicable

Not Applicable

How could this be scaled up?

Not Applicable
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National Curriculum:

KS2
Investigative Skills
« ask questions that can be investigated scientifically and decide how to find answers
e consider what sources of information, including first-hand experience and a range of
other sources, they will use to answer questions

Obtaining and Presenting Evidence
e use simple equipment and materials appropriately and take action to control risks

Considering Evidence and Evaluating

* make comparisons and identify simple patterns or associations in their own observations
and measurements or other data

e use observations, measurements or other data to draw conclusions

« decide whether these conclusions agree with any prediction made and/or whether they
enable further predictions to be made

« use their scientific knowledge and understanding to explain observations, measurements
or other data or conclusions

* review their work and the work of others and describe its significance and limitations.

KS3
Investigative Skills
« use scientific knowledge and understanding to turn ideas into a form that can be
investigated, and to decide on an appropriate approach
< decide whether to use evidence from first-hand experience or secondary sources
e carry out preliminary work and to make predictions, where appropriate

Obtaining and Presenting Evidence
e use arange of equipment and materials appropriately and take action to control risks to
themselves and to others

Considering Evidence and Evaluating
e use observations, measurements and other data to draw conclusions
« decide to what extent these conclusions support a prediction or enable further predictions
to be made
< use their scientific knowledge and understanding to explain and interpret observations,
measurements or other data, and conclusions

Conservation of Energy
< how energy is transferred by the movement of particles in conduction, convection and
evaporation, and that energy is transferred directly by radiation
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General Recom mendations:
In theory, it should not take long to set up.
Does not show a lot of “wow” factor by itself. But, using this with a series of demonstrations (i.e.
Inefficient Machine) would make it much better

Pictures:
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QAD# 5

Deflecting Laser




WOW Factor Tt

Risk S
. C_ost Effect_ive 2050308
Deflecting Laser e —
Building Time TR

Team name: Science Museum 1
Activity: Deflecting Laser
Material Specific Use

Laser Pointer Creates Beam

Heat Source Causes Deflection

Tape Holds Laser Pointer

Category: IBLA Demonstration
End Use: Classroom Outreach
(Professional)

Tested: Yes No

Effect Yes No

achieved?

Tested: Untested Team Tested
Explainers | Sophie and Rachel
Teachers Classrooms
Families Staff:
Other:

Further development options:

Need to find way to make beam move faster and
deflect further

Risk assessment still needed

Setup Required:

Performing the demonstration:

1. Mount laser pointer to a supported structure
using the tape. Make sure there is no
obstruction of the laser’s path

2. Place heat source underneath the direction
of the laser beam

Turn on heat source and laser pointer. As it
begins to heat up it creates convection. This in
turn, causes the light to refract and the laser
deflects. The laser point on the wall gradually
moves upward.

Problems
Encountered:

How could this be improved?

It takes a long time for the laser pointer to move
along the wall. In about 5 minutes worth of time
the laser pointer beam only moved up a few
inches.

Also, the button on the laser pointer was
sometimes a hassle to push down when using
tape.

We used a toaster as our heat source and it may
have not been enough heat. Therefore, use a
hotter heat source (Bunsen burner)

Find a better way to hold down the button on the
laser pointer or use a laser that can be switched
on and off

How could this be scaled up?

This could be used as part of a IBLA. Using the
themes of “deactivating an alarm” via moving the
laser upwards.
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National Curriculum:

KS2
Investigative Skills
« ask questions that can be investigated scientifically and decide how to find answers
e consider what sources of information, including first-hand experience and a range of
other sources, they will use to answer questions

Obtaining and Presenting Evidence
e use simple equipment and materials appropriately and take action to control risks

Considering Evidence and Evaluating

* make comparisons and identify simple patterns or associations in their own observations
and measurements or other data

e use observations, measurements or other data to draw conclusions

« decide whether these conclusions agree with any prediction made and/or whether they
enable further predictions to be made

« use their scientific knowledge and understanding to explain observations, measurements
or other data or conclusions

* review their work and the work of others and describe its significance and limitations.

KS3
Investigative Skills
« use scientific knowledge and understanding to turn ideas into a form that can be
investigated, and to decide on an appropriate approach
< decide whether to use evidence from first-hand experience or secondary sources
e carry out preliminary work and to make predictions, where appropriate

Obtaining and Presenting Evidence
e use arange of equipment and materials appropriately and take action to control risks to
themselves and to others

Considering Evidence and Evaluating
e use observations, measurements and other data to draw conclusions
« decide to what extent these conclusions support a prediction or enable further predictions
to be made
< use their scientific knowledge and understanding to explain and interpret observations,
measurements or other data, and conclusions

Conservation of Energy
< how energy is transferred by the movement of particles in conduction, convection and
evaporation, and that energy is transferred directly by radiation
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General Recommendations:
The team strongly recommends the use of this demonstration as part of a theme based IBLA. Doing
this demonstration by itself does not prove to have a big “wow” factor.

Pictures:
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QAD# 6

Wave Tank

1



Wave Tank

Team Name: Science Museum 1
Activity: Wave Tank

Material Specific Use

Clear, Thin Tank Holds Water
(Approx. 3'x 1" x 2"

Food Coloring Differentiates Layers
Water Different Medium
Paddle Creates Waves

WOW Factor L
Risk L
Cost Effective foses
Find Materials foses
Ease of Use foses
Building Time Lt
Category: IBLA Demonstration
End Use: Classroom Outreach
(Professional)
Tested: Yes No
Effect Yes No
achieved?
Tested: Untested Team Tested
Explainers | Sophie and Rachel
Teachers Classrooms
Families Staff:
Other:

Further development options:

Not Applicable

Setup Required:

1. Fill tank approximately halfway with water
2. Mount paddle in the tank so that one can
move paddle and create waves.

Performing the demonstration:

Have a person push the paddle back in forth to
create waves. Because the tank is skinny, the
person should be able to watch the frequency of
the waves. In theory, faster paddling will cause
higher frequencies and vice versa.

Problems
Encountered:

Not Applicable

How could this be improved?

Not Applicable

How could this be scaled up?

Not Applicable
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National Curriculum:

KS2
Investigative Skills
« ask questions that can be investigated scientifically and decide how to find answers
e consider what sources of information, including first-hand experience and a range of
other sources, they will use to answer questions

Obtaining and Presenting Evidence
e use simple equipment and materials appropriately and take action to control risks

Considering Evidence and Evaluating
» decide whether these conclusions agree with any prediction made and/or whether they
enable further predictions to be made
« use their scientific knowledge and understanding to explain observations, measurements
or other data or conclusions

Forces and Motion
< that when objects [for example, a spring, a table]are pushed or pulled, an opposing pull
or push can be felt
* how to measure forces and identify the direction in which they act.

KS3
Investigative Skills
« use scientific knowledge and understanding to turn ideas into a form that can be
investigated, and to decide on an appropriate approach
< decide whether to use evidence from first-hand experience or secondary sources
e carry out preliminary work and to make predictions, where appropriate

Obtaining and Presenting Evidence
e use arange of equipment and materials appropriately and take action to control risks to
themselves and to others

Considering Evidence and Evaluating
e use observations, measurements and other data to draw conclusions
« decide to what extent these conclusions support a prediction or enable further predictions
to be made
< use their scientific knowledge and understanding to explain and interpret observations,
measurements or other data, and conclusions

Energy Transfer
< about the variety of energy resources, including oil, gas, coal, biomass, food, wind,
waves and batteries, and the distinction between renewable and non-renewable
resources

Conservation of Energy

« how energy is transferred by the movement of particles in conduction, convection and
evaporation, and that energy is transferred directly by radiation
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General Recommendations:
Decided not to pursue the idea since this idea has already been developed by the Science Museum.

Pictures:
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Lemon Battery

81



Lemon Battery

Team Name: Science Museum 1
Activity: Lemon Battery
Material Specific Use

5 X Lemons Power Source
Toy with low voltage The Wow Factor
Copper Wire Combining Power
Zinc Nails Combining Power
Multimeter Measures Voltage

WOW Factor 038305039
Risk 1039393
Cost Effective jeseseses
Find Materials jeseseses
Ease of Use jeseseses
Building Time L
Category: IBLA Demonstration
End Use: Classroom Outreach
(Professional)
Tested: Yes No
Effect Yes No
achieved?
Tested: Untested Team Tested
Explainers | Sophie and Rachel
Teachers Classrooms
Families Staff:
Other:

Further development options:

Use vinegar instead of lemons. Vinegar has
been tested to produce more voltage.

Setup Required:

1. Place zinc nail into a lemon and attach copper
wire around it

2. Do the same with other lemons and set them
up in series

3. Connect final leads from one lemon into the
toy. The toy used was the “Climbing Robot”
which was bought from the Science Museum gift
shop.

Problems
Encountered:

Though there were enough lemons (two) to
gather enough voltage, there was not enough
current. Therefore, the toy remained inactive.

If this were to work, more lemons would be
needed (perhaps over ten) and thus make this
more impractical.

Performing the demonstration:

1. After setting up the lemons place the toy in
necessary position. In this case, the climbing toy
was mounted on a window surface.

2. Using a multimeter, measure the amount of
voltage coming out of the lemons. Two lemons
should produce approximately two volts.

2. Turn on the toy and the lemons should source
enough power to make the toy climb on the
window.

How could this be improved?

Instead of setting the lemons up in series, they
should be set up in a combination of series and
parallel. Doing so, will increase both voltage and
current.

How could this be scaled up?

Though it is highly impractical, the lemons can
power things up. To scale up, use a lot of lemons
to power up a bigger toy requiring more
voltage/current.
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National Curriculum:

KS2
Investigative Skills
« ask questions that can be investigated scientifically and decide how to find answers
« consider what sources of information, including first-hand experience and a range of
other sources, they will use to answer questions

Obtaining and Presenting Evidence
e use simple equipment and materials appropriately and take action to control risks

Considering Evidence and Evaluating

« make comparisons and identify simple patterns or associations in their own observations
and measurements or other data

e use observations, measurements or other data to draw conclusions

» decide whether these conclusions agree with any prediction made and/or whether they
enable further predictions to be made

« use their scientific knowledge and understanding to explain observations, measurements
or other data or conclusions

* review their work and the work of others and describe its significance and limitations.

KS3
Investigative Skills
e use scientific knowledge and understanding to turn ideas into a form that can be
investigated, and to decide on an appropriate approach
« decide whether to use evidence from first-hand experience or secondary sources
e carry out preliminary work and to make predictions, where appropriate

Obtaining and Presenting Evidence
e use arange of equipment and materials appropriately and take action to control risks to
themselves and to others

Considering Evidence and Evaluating
e use observations, measurements and other data to draw conclusions
« decide to what extent these conclusions support a prediction or enable further predictions
to be made
« use their scientific knowledge and understanding to explain and interpret observations,
measurements or other data, and conclusions

Conservation of Energy
« how energy is transferred by the movement of particles in conduction, convection and
evaporation, and that energy is transferred directly by radiation
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General Recommendations:
Though 2 lemons were not enough to power the toy, the team did find out that this idea still works. We
tested the idea using one lemon to power up a Hallmark Christmas card which played music.

Pictures:
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QAD# 8

Pulley System




Pulley System

Team Name: Science Museum 1
Activity: Pulley System

Material Specific Use

Wood Screws Attaching Pulleys
Eye Screws Support Weight
6mm Rope Controls Movement
Wood General Support

6 X Pulleys Force Reduction

WOW Factor 19305930393
Risk 1939393
Cost Effective LI
Find Materials LI
Ease of Use jeseseses
Building Time 193033
Category: IBLA Demonstration
End Use: Classroom Qutreach
(Professional)
Tested: Yes No
Effect Yes No
achieved?
Tested: Untested Team Tested
Explainers | Sophie and Rachel
Teachers Classrooms
Families Staff:
Other:

Further development options:

To show the phenomenon of pulleys have a sliding
piece where one can add more pulleys. Test out with
one pulley vs. six pulleys.

Setup Required:

1. Position and mount half of the pulleys in the centre

. Position and mount the other half of the pulleys in

. Attach an eye screw in each corner of the 1.5 ft

. Position the 2’ long 2" x 2” above the 1.5’ and

. Drill a hole in each corner of the 1” x 6” big enough

. Position the seat below the 1.5’ long 2" x 2" and

of one of the 2” x 2"s so that they are next to
each other.

the centre of the other 2" x 2” so they are next to
each other.

long 2" x 2" on the side without the pulleys.

thread the rope through the pulleys with the last
length being tied to the 2’ long 2" x 2"

to fit the rope through

attach to the eye screws using rope threaded
through the 4 drilled holes. (Leave enough space
for child to be able to sit upright and not hit head
on lower pulley assembly).

Problems
Encountered:

The certain pulleys that we used are hard to find
Finding cabinets or something high to support the
beam may be hard to come by

The bottom base was still too wide (needs to be
cut skinnier)

Performing the demonstration:

1. Set up the pulley system by placing the top
support bar on top of two filing cabinets

2. Have someone sit on the base

3. Using the rope a peer or the person sitting on the
base can lift oneself up

4. When lifted up the desired height make sure the
person does not let go of the rope. Gradually let
rope down to slowly lower the person on the
base.

How could this be improved?

« Add more pulleys for force reduction

* Make wood base more stable

« Longer support bar on top

« Allow it to be used lower (with desks)

» Use bolts instead of wood screws for more
stabilization

How could this be scaled up?

If want to upscale for demonstration outreach program,
perhaps add a lot more pulleys and make the base
bigger where it can hold more than one person.
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National Curriculum:

KS2
Investigative Skills
« ask questions that can be investigated scientifically and decide how to find answers
« consider what sources of information, including first-hand experience and a range of
other sources, they will use to answer questions

Obtaining and Presenting Evidence
e use simple equipment and materials appropriately and take action to control risks

Considering Evidence and Evaluating

« make comparisons and identify simple patterns or associations in their own observations
and measurements or other data

e use observations, measurements or other data to draw conclusions

» decide whether these conclusions agree with any prediction made and/or whether they
enable further predictions to be made

« use their scientific knowledge and understanding to explain observations, measurements
or other data or conclusions

« review their work and the work of others and describe its significance and limitations.

Forces and Motion
« that when objects [for example, a spring, a table]are pushed or pulled, an opposing pull
or push can be felt
« how to measure forces and identify the direction in which they act.

KS3
Investigative Skills
e use scientific knowledge and understanding to turn ideas into a form that can be
investigated, and to decide on an appropriate approach
« decide whether to use evidence from first-hand experience or secondary sources
e carry out preliminary work and to make predictions, where appropriate

Obtaining and Presenting Evidence

e use arange of equipment and materials appropriately and take action to control risks to
themselves and to others

Considering Evidence and Evaluating
e use observations, measurements and other data to draw conclusions
« decide to what extent these conclusions support a prediction or enable further predictions
to be made

« use their scientific knowledge and understanding to explain and interpret observations,
measurements or other data, and conclusions

Conservation of Energy
« how energy is transferred by the movement of particles in conduction, convection and
evaporation, and that energy is transferred directly by radiation

Forces and Motion
< that the weight of an object on Earth is the result of the gravitational attraction between its
mass and that of the Earth
« that unbalanced forces change the speed or direction of movement of objects and that
balanced forces produce no change in the movement of an object
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General Recommendations
*  Very successful demonstration
* Has alot of potential to be either a classroom or outreach demonstration
e Create a special version that is large scale and can be safely modified with extra pulleys quickly
and easily

Pictures:
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QAD# 9

Crazy Machine
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Crazy Machin

Team Name: Science Museum 1
Activity: Crazy Machine
Material Specific Use
Parabolic Mirror Directs Sunlight
Sunlight Powers Radio
Peltier Generator Converts Energy
Wires Connect Machine
Radio Powered by Sun

WOW Factor 19305930393
Risk 19303
Cost Effective 3030
Find Materials 3030
Ease of Use 3030
Building Time S
Category: IBLA Demonstration
End Use: Classroom Qutreach
(Professional)
Tested: Yes No
Effect Yes No
achieved?
Tested: Untested Team Tested
Explainers | Sophie and Rachel
Teachers Classrooms
Families Staff:
Other:

Further development options:

This is strictly a QAD

Setup Required:

1. Connect wires, radio, and peltier generator
together.

Performing the demonstration:

1. On a sunny day, place set up outside.

2. Direct the sunlight into the peltier generator
using the parabolic mirror

3. In theory, the sunlight should power up the
radio.

Problems
Encountered:

How could this be improved?

Finding a peltier generator is difficult

n/a

How could this be scaled up?

n/a
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National Curriculum:

KS2
Investigative Skills
« ask questions that can be investigated scientifically and decide how to find answers
« consider what sources of information, including first-hand experience and a range of
other sources, they will use to answer questions

Obtaining and Presenting Evidence
e use simple equipment and materials appropriately and take action to control risks

Considering Evidence and Evaluating

« make comparisons and identify simple patterns or associations in their own observations
and measurements or other data

e use observations, measurements or other data to draw conclusions

« decide whether these conclusions agree with any prediction made and/or whether they
enable further predictions to be made

« use their scientific knowledge and understanding to explain observations, measurements
or other data or conclusions

« review their work and the work of others and describe its significance and limitations.

KS3
Investigative Skills
e use scientific knowledge and understanding to turn ideas into a form that can be
investigated, and to decide on an appropriate approach
« decide whether to use evidence from first-hand experience or secondary sources
e carry out preliminary work and to make predictions, where appropriate

Obtaining and Presenting Evidence
e use arange of equipment and materials appropriately and take action to control risks to
themselves and to others

Considering Evidence and Evaluating
e use observations, measurements and other data to draw conclusions
« decide to what extent these conclusions support a prediction or enable further predictions
to be made
« use their scientific knowledge and understanding to explain and interpret observations,
measurements or other data, and conclusions

Conservation of Energy
« how energy is transferred by the movement of particles in conduction, convection and
evaporation, and that energy is transferred directly by radiation
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General Recommendations:
Sourcing the materials is rather easy except the peltier generator. However, if it could be done it would
show the scientific concepts of electricity, light, and heat transfer.

Also, you do not need to use a radio. The sketch below shows a fan instead.

Pictures:

92



QAD# 10

Floating on CO

A3



Floating on CQ

WOW Factor jeSeseses el

Risk LHX

Cost Effective | L3

Find Materials | T30

Ease of Use T

Building Time | 803t

Team Name: Science Museum 1
Activity: Floating on CO,
Material Specific Use
Large Bucket Holds CO,
Tissue Paper Floats on CO,
Bubbles Floats on CO,
Vinegar Creates CO,

Baking Soda Creates CO,

Category: IBLA Demonstration
End Use: Classroom Outreach
(Professional)

Tested: Yes No

Effect Yes No

achieved?

Tested: Untested Team Tested
Explainers | Sophie and Rachel
Teachers Classrooms
Families Staff:
Other:

Further development options:

Build a boat light enough to float on CO,

Setup Required:

Performing the demonstration:

1. Fill up large bucket with ~2 litters of vinegar
and ~5 cups of baking soda.

1. First, take bubble mix and blow bubbles over

the bucket. They should float on top of the CO,
2. Afterwards, take a piece of light tissue paper

(1 ply) and place in the bucket. The CO, should
hold up the tissue paper.

Problems
Encountered:

How could this be improved?

The team tried using aluminum foil but was too
heavy.

Hard to blow bubbles into the bucket. Only about
10% of the bubbles make it into the bucket.

If the resources were available, use a bigger
bucket such as a tank.

Use a different agent to produce denser gas than
CO..

How could this be scaled up?

By using a bigger tank and a denser gas, it
should be able to hold heavier items.
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National Curriculum:

KS2
Investigative Skills
e ask questions that can be investigated scientifically and decide how to find answers
« consider what sources of information, including first-hand experience and a range of
other sources, they will use to answer questions

Grouping and Classifying Materials
e to compare everyday materials and objects on the basis of their material properties,
including hardness, strength, flexibility and magnetic behavior, and to relate these
properties to everyday uses of the materials

Changing Materials
« to describe changes that occur when materials are mixed [for example, adding salt to
water]
< that non-reversible changes [for example, vinegar reacting with bicarbonate of soda,
plaster of Paris with water]result in the formation of new materials that may be useful

KS3
Investigative Skills
e use scientific knowledge and understanding to turn ideas into a form that can be
investigated, and to decide on an appropriate approach
« decide whether to use evidence from first-hand experience or secondary sources
e carry out preliminary work and to make predictions, where appropriate

Elements, Compounds, and Mixtures
« how elements combine through chemical reactions to form compounds [for example,

water, carbon dioxide, magnesium oxide, sodium chloride, most minerals]with a definite

composition

Changing Materials

e about the variation of solubility with temperature, the formation of saturated solutions, and

the differences in solubility of solutes in different solvents
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General Recommendations:
The demonstration has a significant WOW factor and it does work.
It does use up a lot of vinegar and baking soda and cleaning up is somewhat of a hassle.
Unless the tank/bucket is sealed, it is hard to save the CO, for long periods of time.

Pictures:
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QAD# 11

Mentos and
Soda Rocket
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Mentos and Diet =_ =

Coke Rocke

WOW Factor

Team Name: Science Museum 1
Activity: Mentos/Soda Rocket
Material Specific Use

14 inch diameter PVC Holds Mentos

Soda bottle caps X 2 Holds Mentos

Diet Coke Creates Reaction
Diet Coke Bottle Acts as Rocket
Mentos Creates Reaction

Tissue Paper Initiates Reaction

Super Glue Holds Pressure

Find Materials TR
Ease of Use TR
Building Time Lt
Category: IBLA Demonstration
End Use: Classroom Outreach
(Professional)
Tested: Yes No
Effect Yes No
achieved?
Tested: Untested Team Tested
Explainers | Sophie and Rachel
Teachers Classrooms
Families Staff:
Other:

Further development options:

Set up in a way similar to our Water Rocket pre-
test in the US.

Setup Required:

1. Cut out a hole in one of the soda bottle caps
so that a Mentos can fit through easily.

2. Glue the remaining bottle cap into one of the
ends of the PVC pipe.

3. After the glue is dry, place Mentos in PVC
piping and use the tissue paper to prevent the
Mentos from falling out.

4. Fit the PVC piping over the soda bottle filled
with diet coke. It should be a very snug fit. Use
super glue if the fit is not snug.

Performing the demonstration:

1. Perform this demonstration outdoors. Find
two fairly heavy rocks to support the rocket.

2. When ready flip over the soda bottle so that
the soda can seep through the tissue paper and
hit the Mentos. Support the rocket using the
rockets and stand clear.

3. Pressure will build up in the rocket due to the
Mentos/diet coke reaction. When there is enough
pressure the bottle should blast out of the PVC
piping and go into the air.

Problems Encountered:

1. Harder to set up compared to other
demonstrations that we have built.

2. Unless the PVC piping is completely air tight
pressure can seep out of the bottle and therefore
not create a rocket.

How could this be improved?

Can design this process better if time allowing.

How could this be scaled up?

Can set up a holder that can hold more than one
bottle. For example, the holder can support five
Mentos/diet coke rocket instead of one.
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National Curriculum:

KS2
Investigative skills
« ask questions that can be investigated scientifically and decide how to find answers
e consider what sources of information, including first-hand experience and a range of
other sources, they will use to answer questions
e think about what might happen or try things out when deciding what to do, what kind of
evidence to collect, and what equipment and materials to use

Obtaining and presenting evidence
« check observations and measurements by repeating them where appropriate

Considering evidence and evaluating
e use observations, measurements or other data to draw conclusions
» decide whether these conclusions agree with any prediction made and/or whether they
enable further predictions to be made
« use their scientific knowledge and understanding to explain observations, measurements
or other data or conclusions
* review their work and the work of others and describe its significance and limitations.

Grouping and Classifying Materials
* to recognise differences between solids, liquids and gases, in terms of ease of flow and
maintenance of shape and volume.

Changing Materials
< to describe changes that occur when materials are mixed [for example, adding salt to
water]
< about reversible changes, including dissolving, melting, boiling, condensing, freezing and
evaporating

KS3
Ideas and evidence in science
< that it is important to test explanations by using them to make predictions and by seeing if
evidence matches the predictions

Investigative skills
e use scientific knowledge and understanding to turn ideas into a form that can be
investigated, and to decide on an appropriate approach
« decide whether to use evidence from first-hand experience or secondary sources
e carry out preliminary work and to make predictions, where appropriate

Considering Evidence
e use observations, measurements and other data to draw conclusions
* decide to what extent these conclusions support a prediction or enable further predictions
to be made
< use their scientific knowledge and understanding to explain and interpret observations,
measurements or other data, and conclusions

Evaluating
» consider anomalies in observations or measurements and try to explain them
« consider whether the evidence is sufficient to support any conclusions or interpretations
made
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e suggest improvements to the methods used, where appropriate.

Forces and Motion

* how to determine the speed of a moving object angsé the quantitative relationship between
speed, distance and time

« that the weight of an object on Earth is the result of the gravitational attraction between its
mass and that of the Earth

< that unbalanced forces change the speed or direction of movement of objects and that
balanced forces produce no change in the movement of an object

« ways in which frictional forces, including air resistance, affect motion [for example,
streamlining cars, friction between tyre and road]

Elements, Compounds, and Mixtures
« how elements combine through chemical reactions to form compounds [for example,
water, carbon dioxide, magnesium oxide, sodium chloride, most minerals]with a definite
composition

Changing Materials
* torelate changes of state to energy transfers
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General Recommendations:
The idea of Mentos and soda has been done but this is a different spin on the idea. Combing the water
rocket idea using the bottle as a projectile improves the WOW factor.

The coloured sketch on the following page shows a concept of the envisioned design. A cross section
of the tube described above is shown with two of its tripod legs.

Pictures:
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Rocket Base Concept
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QAD# 12
Creating a
Vacuum or
Candle Boat
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WOW Factor jeseseses

Creating a Vacuum e — =

or Candle Boat

Team Name: Science Museum 1

Find Materials jeseseses

Ease of Use jeseses

Building Time 383

Activity: Creating a Vacuum (1)/
Candle Boat (2)

Material Specific Use

(1)For Creating Vacuum

Hardboiled Egg Creates Vacuum

Glass Bottle (Snapple) Holds Egg

Match Depletes Oxygen

(2) For Candle Boat

Category: IBLA Demonstration
End Use: Classroom Qutreach
(Professional)

Tested: Yes No

Effect Yes No

achieved?

Tested: Untested Team Tested
Explainers | Sophie and Rachel
Teachers Classrooms
Families Staff:
Other:

Further development options:

Bucket of Water Holds Boat

Jar Creates Vacuum
Candle Depletes Oxygen
Boat Holds Candle

There is no further development with creating a
vacuum.

The candle boat (2) has not been developed.

Setup Required:

For creating a vacuum:
1. Hard-boil an egg and take off the shell.

For candle boat:
1. Fill up bucket with water
2. Place candle on top of boat

Performing the demonstration:

For creating a vacuum:

1. Light a match and place it in the bottle.

2. Balance egg on top of the bottle while match
is still burning.

3. This should create a vacuum in the bottle and
the egg will get sucked into the bottle

For candle boat:

1. Light the candle boat and float it on the water.
2. Using a glass jar cover the candle boat.

3. Since the oxygen is being burned up, this
makes the water level inside the jar rise.

Problems
Encountered:

For creating a vacuum:
« Alittle bit difficult to keep a burning
match in the glass bottle.

How could this be improved?

Either of these demonstrations can be scaled up
by making everything bigger. (Get a pool, use a
real boat to exaggerate the idea)

How could this be scaled up?
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National Curriculum:

KS2
Investigative Skills
« ask questions that can be investigated scientifically and decide how to find answers
e consider what sources of information, including first-hand experience and a range of
other sources, they will use to answer questions

Obtaining and Presenting Evidence
e use simple equipment and materials appropriately and take action to control risks

Considering Evidence and Evaluating

* make comparisons and identify simple patterns or associations in their own observations
and measurements or other data

e use observations, measurements or other data to draw conclusions

« decide whether these conclusions agree with any prediction made and/or whether they
enable further predictions to be made

« use their scientific knowledge and understanding to explain observations, measurements
or other data or conclusions

* review their work and the work of others and describe its significance and limitations.

KS3
Investigative Skills
e use scientific knowledge and understanding to turn ideas into a form that can be
investigated, and to decide on an appropriate approach
< decide whether to use evidence from first-hand experience or secondary sources
e carry out preliminary work and to make predictions, where appropriate

Obtaining and Presenting Evidence
e use arange of equipment and materials appropriately and take action to control risks to
themselves and to others

Considering Evidence and Evaluating
e use observations, measurements and other data to draw conclusions
« decide to what extent these conclusions support a prediction or enable further predictions
to be made
< use their scientific knowledge and understanding to explain and interpret observations,
measurements or other data, and conclusions

Conservation of Energy
< how energy is transferred by the movement of particles in conduction, convection and
evaporation, and that energy is transferred directly by radiation
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General Recommendations:
The creating a vacuum idea has been used in the past and therefore no further development has been
made on it.

Pictures:
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QAD# 13

Paper Airplane
Launcher



Paper Airplane
Launche

Team Name: Science Museum 1
Activity: Paper Airplane Launcher
Material Specific Use

Computer Paper Creates Airplane

Launching Disc X 2 Launches Airplane

Power Source Powers Discs

WOW Factor 19305930393
Risk 1939393
Cost Effective jeseseses
Find Materials LEEX
Ease of Use jeseseses
Building Time 19303
Category: IBLA Demonstration
End Use: Classroom Qutreach
(Professional)
Tested: Yes No
Effect Yes No
achieved?
Tested: Untested Team Tested
Explainers | Sophie and Rachel
Teachers Classrooms
Families Staff:
Other:

Further development options:

This is strictly a QAD

Setup Required:

1. Have students develop a paper airplane with
a flat vertical bottom so that it can appropriately
fit in the airplane launcher.

2. Place the discs side by side so that they are
touching slightly.

3. Connect the power source to the discs so that
they will spin in opposite directions. (Left wheel
should go counter clockwise and the right wheel
should go clockwise)

Performing the demonstration:

1. After the students have developed their
airplane power the airplane launcher.

2. Place the airplane in the launcher and let go
immediately. The airplane should be shot off a
certain distance depending on the RPM of the
wheels.

Problems
Encountered:

Not applicable

How could this be improved?

Not applicable

How could this be scaled up? — n/a
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National Curriculum:

KS2
Investigative Skills
e ask questions that can be investigated scientifically and decide how to find answers
« consider what sources of information, including first-hand experience and a range of
other sources, they will use to answer questions

Obtaining and Presenting Evidence
e use simple equipment and materials appropriately and take action to control risks

Considering Evidence and Evaluating

« make comparisons and identify simple patterns or associations in their own observations
and measurements or other data

e use observations, measurements or other data to draw conclusions

» decide whether these conclusions agree with any prediction made and/or whether they
enable further predictions to be made

« use their scientific knowledge and understanding to explain observations, measurements
or other data or conclusions

« review their work and the work of others and describe its significance and limitations.

Forces and Motion
« that when objects [for example, a spring, a table]are pushed or pulled, an opposing pull
or push can be felt
« how to measure forces and identify the direction in which they act.

KS3
Investigative Skills
e use scientific knowledge and understanding to turn ideas into a form that can be
investigated, and to decide on an appropriate approach
« decide whether to use evidence from first-hand experience or secondary sources
e carry out preliminary work and to make predictions, where appropriate

Obtaining and Presenting Evidence

e use arange of equipment and materials appropriately and take action to control risks to
themselves and to others

Considering Evidence and Evaluating
* use observations, measurements and other data to draw conclusions

« decide to what extent these conclusions support a prediction or enable further predictions
to be made

« use their scientific knowledge and understanding to explain and interpret observations,
measurements or other data, and conclusions

Forces and Motion
« how to determine the speed of a moving object and to use the quantitative relationship
between speed, distance and time
< that unbalanced forces change the speed or direction of movement of objects and that
balanced forces produce no change in the movement of an object
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General Recommendations:
This is a very fun idea for a classroom demonstration. Fairly easy to perform but setting up could be
difficult. Sourcing the right materials can also be hard.

Pictures:

\
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QAD# 14

Heat Boat




Heat Boaz

Team Name: Science Museum 1
Activity: Heat Boat

Material Specific Use
Paperclip Conducts Heat
Candle Produces Heat
Boat (Stale Bagel) Holds Candle
Match or lighter Initiates Candle
Bucket of Water Holds Boat

WOW Factor L
Risk §0s e
Cost Effective jeseseseses
Find Materials jeseseseses
Ease of Use LT
Building Time jeseseseses
Category: IBLA Demonstration
End Use: Classroom Qutreach
(Professional)
Tested: Yes No
Effect Yes No
achieved?
Tested: Untested Team Tested
Explainers | Sophie and Rachel
Teachers Classrooms
Families Staff:
Other:

Further development options:

Little development has been put into this idea.
The idea does not seem to work.

Setup Required:

Performing the demonstration:

1. Fill up a bucket of water

2. Unroll a paperclip to shape it similar to a
candy cane

3. Stick the paperclip through the stale bagel
with the straight end on the bottom.

4. Place candle on the bagel and underneath the
top end of the paperclip

1. After filling the bucket with water place the
boat into the water. Wait for the boat to be
completely still in the water

2. Light the candle using a match or lighter.
Doing so will create heat to go through the
paperclip and into the water. This should, in
theory, make the boat move.

Problems
Encountered:

Set up was easy, materials were easy to find,
but the idea did not work as planned.

How could this be improved?

A better conductive metal could be used over a
paper clip.

A lighter boat might show a more dramatic effect.

| How could this be scaled up? — n/a
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National Curriculum:

KS2
Investigative Skills
« ask questions that can be investigated scientifically and decide how to find answers
e consider what sources of information, including first-hand experience and a range of
other sources, they will use to answer questions

Obtaining and Presenting Evidence
e use simple equipment and materials appropriately and take action to control risks

Considering Evidence and Evaluating

* make comparisons and identify simple patterns or associations in their own observations
and measurements or other data

e use observations, measurements or other data to draw conclusions

« decide whether these conclusions agree with any prediction made and/or whether they
enable further predictions to be made

« use their scientific knowledge and understanding to explain observations, measurements
or other data or conclusions

< review their work and the work of others and describe its significance and limitations.

KS3
Investigative Skills
« use scientific knowledge and understanding to turn ideas into a form that can be
investigated, and to decide on an appropriate approach
< decide whether to use evidence from first-hand experience or secondary sources
e carry out preliminary work and to make predictions, where appropriate

Obtaining and Presenting Evidence
e use arange of equipment and materials appropriately and take action to control risks to
themselves and to others

Considering Evidence and Evaluating
e use observations, measurements and other data to draw conclusions
« decide to what extent these conclusions support a prediction or enable further predictions
to be made
< use their scientific knowledge and understanding to explain and interpret observations,
measurements or other data, and conclusions

Conservation of Energy
< how energy is transferred by the movement of particles in conduction, convection and
evaporation, and that energy is transferred directly by radiation
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General Recommendations:
Even if the idea had work, creating a significant WOW factor may have been hard. There is no telling
on how fast the boat would travel.

Pictures:
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QAD# 15

Breaking Glass

115



Breaking Glass

Team Name: Science Museum 1
Activity: Breaking Glass
Material Specific Use
Glass (bottle or sheet) Breaking Object
Soluble String Hold Alcohol

Rubbing Alcohol Burning Agent

Match or Lighter Initiates Reaction

Bucket of Ice Water Extinguishes Flame

WOW Factor 193039593
Risk 1939393
Cost Effective LR
Find Materials LHEEE
Ease of Use 03
Building Time 193039593
Category: IBLA Demonstration
End Use: Classroom Qutreach
(Professional)
Tested: Yes No
Effect Yes No
achieved?
Tested: Untested Team Tested
Explainers | Sophie and Rachel
Teachers Classrooms
Families Staff:
Other:

Further development options:

Using a piece of sheet glass or mirror instead of a
glass bottle.

Setup Required:

Performing the demonstration:

1. Soak a piece of string in a cup of rubbing
alcohol.

2. Tie the string around the glass bottle (tie near
the top) and cut off excess.

3. Have bucket of ice water ready before starting
demonstration.

1. Light the string on fire using a match or lighter.
Let it burn around the bottle until the flame is just
about to go out.

2. When the flame extinguishes plunge the bottle
into the ice water. Make sure when plunging the
bottle that the head of the glass bottle hits the
bottom of the bucket with a good amount of
force. Because of the extreme temperature
difference of fire and ice water the glass should
make a clean break where the string was tied.

Problems
Encountered:

How could this be improved?

Breaking the top part of the bottle was fairly
easy. However, when trying to break the bottle in
the thicker areas it did not work.

Thick glass is much harder to break and may
take multiple attempts to get the result.

Use thinner glass to make it easier to break.

Children can also make designs out of glass by
breaking the glass multiple times in different
areas.

How could this be scaled up?

Since fire is involved, a large sheet of glass can
be used to increase the WOW factor.
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National Curriculum:

KS2
Investigative Skills
e ask questions that can be investigated scientifically and decide how to find answers
« consider what sources of information, including first-hand experience and a range of
other sources, they will use to answer questions

Obtaining and Presenting Evidence
e use simple equipment and materials appropriately and take action to control risks

Considering Evidence and Evaluating

« make comparisons and identify simple patterns or associations in their own observations
and measurements or other data

e use observations, measurements or other data to draw conclusions

» decide whether these conclusions agree with any prediction made and/or whether they
enable further predictions to be made

« use their scientific knowledge and understanding to explain observations, measurements
or other data or conclusions

Grouping and Classifying Materials
* to compare everyday materials and objects on the basis of their material properties,
including hardness, strength, flexibility and magnetic behaviour, and to relate these
properties to everyday uses of the materials

Changing Materials
« to describe changes that occur when materials [for example, water, clay, dough]are
heated or cooled
« that temperature is a measure of how hot or cold things are

KS3
Investigative Skills
« use scientific knowledge and understanding to turn ideas into a form that can be
investigated, and to decide on an appropriate approach
< decide whether to use evidence from first-hand experience or secondary sources
e carry out preliminary work and to make predictions, where appropriate

Obtaining and Presenting Evidence
e use arange of equipment and materials appropriately and take action to control risks to
themselves and to others

Considering Evidence and Evaluating
* use observations, measurements and other data to draw conclusions
« decide to what extent these conclusions support a prediction or enable further predictions
to be made
+ use their scientific knowledge and understandingiaain and interpret

observations, measurements or other data, andusioic|
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General Recommendations:
The idea does work, but not very efficiently. The demo was tried multiple times to get the glass to break
in the thicker areas. It is highly recommended to use thinner glass (less than % inch)

Pictures:
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QAD# 16

Imploding Can

119




Imploding Can

WOW Factor jeseseses
Risk jeseses
Cost Effective jeseseseses
Find Materials L
Ease of Use It
Building Time LR

Team Name: Science Museum 1
Activity: Imploding Can
Material Specific Use
Heat Source Heats Can

Soda Can (no steel) Imploding Object
Bucket of Ice Water Implodes Can
Tongs Holds Can

Category: IBLA Demonstration
End Use: Classroom Outreach
(Professional)

Tested: Yes No

Effect Yes No

achieved?

Tested: Untested Team Tested
Explainers | Sophie and Rachel
Teachers Classrooms
Families Staff:
Other:

Further development options:

No further development has been made since
effect has not been achieved.

Setup Required:

Performing the demonstration:

1. Fill bucket of ice water

2. Fill a small amount of water in the can

1. Heat up can until water starts to steam out of
the can. The team heated up the can in multiple
ways (using a toaster, lighter, and candles)

2. Using tongs grip the can and plunge the can
into the ice water with the open mouth hitting the
water first. In theory, the can should implode
since the temperature difference is very high.
Also, the air is not able to escape from the can
since the open mouth is covered by the water.

Problems
Encountered:

How could this be improved?

The idea did not work as planned. No effect
happened. May be due to lack of heat and not
plunging the can in the water correctly.

Since the idea did not work, no improvements
can be made.

How could this be scaled up?

Not applicable
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National Curriculum:

KS2
Investigative Skills
e ask questions that can be investigated scientifically and decide how to find answers
« consider what sources of information, including first-hand experience and a range of
other sources, they will use to answer questions

Obtaining and Presenting Evidence
e use simple equipment and materials appropriately and take action to control risks

Considering Evidence and Evaluating

« make comparisons and identify simple patterns or associations in their own observations
and measurements or other data

e use observations, measurements or other data to draw conclusions

» decide whether these conclusions agree with any prediction made and/or whether they
enable further predictions to be made

« use their scientific knowledge and understanding to explain observations, measurements
or other data or conclusions

Changing Materials
« that temperature is a measure of how hot or cold things are

KS3
Investigative Skills
« use scientific knowledge and understanding to turn ideas into a form that can be
investigated, and to decide on an appropriate approach
< decide whether to use evidence from first-hand experience or secondary sources
e carry out preliminary work and to make predictions, where appropriate

Obtaining and Presenting Evidence
* use arange of equipment and materials appropriately and take action to control risks to
themselves and to others

Considering Evidence and Evaluating
* use observations, measurements and other data to draw conclusions
« decide to what extent these conclusions support a prediction or enable further predictions
to be made

Forces and Pressure
« the quantitative relationship between force, area and pressure and its application [for
example, the use of skis and snowboards, the effect of sharp blades, hydraulic brakes].
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General Recommendations:
The idea is a rather common but it seems really difficult to execute. The WOW factor is pretty
significant with not much set-up work. Unfortunately, the idea did not work properly.

Pictures:
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QAD# 17

Water into Wine




Water into Wine

WOW Factor TR
Risk L
Cost Effective jesesese]
Find Materials TR
Ease of Use jesesese]
Building Time jeseseses

Team Name: Science Museum 1
Activity: Water Into Wine
Material Specific Use
Wine Glass Holds Solution
pH Indicator Solution Changes Colour
Magic Powder (baking Changes Colour
soda)

Water Base Solution

Category: IBLA Demonstration
End Use: Classroom Outreach
(Professional)
Tested: Yes No
Effect Yes No
achieved?
Tested: Untested
Team Tested
Explainers | Sophie and Rachel
Teachers Classrooms
Families Staff:
Other:

Further development options:

This is strictly a QAD

Setup Required:

Performing the demonstration:

1. Get wine glass and fill with water and pH
indicating solution.

1. Placing the baking soda in the wine glass will
turn the solution red making it look like wine.

Other agents can be used other than baking
soda.

Problems
Encountered:

How could this be improved?

Not applicable

Not applicable

How could this be scaled up?

Not applicable

124




National Curriculum:

KS2
Investigative Skills
e ask questions that can be investigated scientifically and decide how to find answers
« consider what sources of information, including first-hand experience and a range of
other sources, they will use to answer questions

Grouping and Classifying Materials
e to compare everyday materials and objects on the basis of their material properties,
including hardness, strength, flexibility and magnetic behavior, and to relate these
properties to everyday uses of the materials

Changing Materials
« to describe changes that occur when materials are mixed [for example, adding salt to
water]
< that non-reversible changes [for example, vinegar reacting with bicarbonate of soda,
plaster of Paris with water]result in the formation of new materials that may be useful

KS3
Investigative Skills
e use scientific knowledge and understanding to turn ideas into a form that can be
investigated, and to decide on an appropriate approach
« decide whether to use evidence from first-hand experience or secondary sources
e carry out preliminary work and to make predictions, where appropriate

Elements, Compounds, and Mixtures
« how elements combine through chemical reactions to form compounds [for example,

water, carbon dioxide, magnesium oxide, sodium chloride, most minerals]with a definite

composition

Changing Materials
< about the variation of solubility with temperature, the formation of saturated solutions,
the differences in solubility of solutes in different solvents

and
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General Recommendations:
The idea is a very fun idea and easy to set up. It could be used for a demonstration for the outreach
team about basic chemistry.

Pictures:
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QAD# 18

Electromagnetic
Accelerator




WOW Factor

Electromagnetic S ereee o

Find Materials Ex
Ease of Use Ex
Accelerato Building Tme | 511
Team Name: Science Museum 1 Category: IBLA Demonstration
Activity: Electromagnetic Accelerator End Use: Classroom | Outreach
(Professional)
Tested: Yes No
Material Specific Use Effect Yes No
Drinking Straw Guides projectile achieved?
Copper Wire Used to make coil
Capacitor Creates magnetic field Tested: Untested Team Tested
Small metal rod (usually | Projectile Explainers
aluminum) Sophie and Rachel
Teachers Classrooms
Families Staff:
Other:

Further development options:

A similar demonstration is already implemented
by the museum; therefore no further development
options are given.

Setup Required:

Performing the demonstration:

1. Wrap copper wire around the straw many times

forming a coil around a 3 cm portion of the drinking
straw close to one end. Be sure to leave two leads
for the ends of the coil.

2. Charge capacitor.
3. Insert metal rod just upstream of the coil. Rod is

free floating, so be careful not to tip the straw and
let the rod move or fall out.

1. Aim the straw at a safe target.

2. Discharge the capacitor across the coil via the
two leads and watch the projectile fly.

Problems
Encountered:

How could this be improved?

Not applicable

Not applicable

How could this be scaled up?

Not applicable
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National Curriculum:

KS2
Electricity
e to construct circuits, incorporating a battery or power supply and a range of switches,
make electrical devices work [for example, buzzers, motors, lights]

Forces and motion
« about the forces of attraction and repulsion between magnets, and about the forces of
attraction between magnets and magnetic materials

KS3
Magnetic fields
« about magnetic fields as regions of space where magnetic materials experience forces,
and that like magnetic poles repel and unlike poles attract

Electromagnets
e that a current in a coil produces a magnetic field pattern similar to that of a bar magnet
* how electromagnets are constructed and used in devices [for example, relays, lifting
magnets]

Forces and motion
« how to determine the speed of a moving object and to use the quantitative relationship
between speed, distance and time
« that unbalanced forces change the speed or direction of movement of objects and that
balanced forces produce no change in the movement of an object
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General Recommendations:
Due to the prior existence of this demonstration, no new recommendations are given at this time.

Pictures: N/A
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QAD# 19

Gaussian
Launcher




Gaussian Launcher

WOW Factor jeseseseses

Risk foses

Cost Effective fesosese]

Find Materials TR

Ease of Use feSosese]

Building Time jeseseses

Team Name: Science Museum 1
Activity: Gaussian Launcher
Material Specific Use

Strong Magnet(s) Attracts Ball Bearings

Steel Ball Bearings Acts as Launcher

Track Holds Ball Bearings

Category: IBLA Demonstration
End Use: Classroom Qutreach
(Professional)

Tested: Yes No

Effect Yes No

achieved?

Tested: Untested Team Tested
Explainers | Sophie and Rachel
Teachers Classrooms
Families Staff:
Other:

Further development options:

Has been slightly developed and the theory does
work. Have a series of magnets with ball
bearings to create a “roller coaster” effect.

Setup Required:

1. Place ball bearings and magnet on track.

2. Place magnet in middle of the tract with 4 or
more steel ball bearings on one side of it and 1
ball bearing on the other side of it.

3. Repeat this process as many times as
desired.

Performing the demonstration:

1. Take 1 ball bearing and roll it towards the
magnet on the side with one ball bearing. The
magnet should then attract the ball with a good
amount of force. Similar to Newton'’s Cradle this
will create the ball from the other side of the
magnet to shoot off. Depending on the number
of magnet/ball bearing set ups this could cause a
chain reaction.

**Caution: Be careful and stand clear of where
the ball bearing is being launched from.**

Problems
Encountered:

How could this be improved?

How could this be scaled up?

As mentioned in the further development section,
by combining more magnets and ball bearings a
“roller coaster” effect can be achieved. The
tracks can be set up to do “loops” and have
slopes for balls to travel up and down on.
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National Curriculum:

KS2
Investigative Skills
« ask questions that can be investigated scientifically and decide how to find answers
e consider what sources of information, including first-hand experience and a range of
other sources, they will use to answer questions

Obtaining and Presenting Evidence
e use simple equipment and materials appropriately and take action to control risks

Considering Evidence and Evaluating

* make comparisons and identify simple patterns or associations in their own observations
and measurements or other data

e use observations, measurements or other data to draw conclusions

« decide whether these conclusions agree with any prediction made and/or whether they
enable further predictions to be made

« use their scientific knowledge and understanding to explain observations, measurements
or other data or conclusions

< review their work and the work of others and describe its significance and limitations.

Forces and Motion
« about the forces of attraction and repulsion between magnets, and about the forces of
attraction between magnets and magnetic materials
« that when objects [for example, a spring, a table]are pushed or pulled, an opposing pull
or push can be felt
« how to measure forces and identify the direction in which they act.

KS3
Investigative Skills
e use scientific knowledge and understanding to turn ideas into a form that can be
investigated, and to decide on an appropriate approach
« decide whether to use evidence from first-hand experience or secondary sources
e carry out preliminary work and to make predictions, where appropriate

Obtaining and Presenting Evidence

e use arange of equipment and materials appropriately and take action to control risks to
themselves and to others

Considering Evidence and Evaluating
e use observations, measurements and other data to draw conclusions
« decide to what extent these conclusions support a prediction or enable further predictions
to be made
« use their scientific knowledge and understanding to explain and interpret observations,
measurements or other data, and conclusions

Forces and Motion
« how to determine the speed of a moving object and to use the quantitative relationship
between speed, distance and time
< that unbalanced forces change the speed or direction of movement of objects

Magnetic Fields

< about magnetic fields as regions of space where magnetic materials experience forces,
and that like magnetic poles repel and unlike poles attract
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QAD# 20
Flammable
Methane Bubble
Column
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WOW Factor 19303059303
Risk 1930593
Cost Effective jeseseses
Flammable Methane Frd vaerls |11
Ease of Use 193030393
Team Name: Science Museum 1 Category: IBLA Demonstration
Activity: Flammable Methane End Use: Classroom | Outreach
Bubble Column (Professional)
Tested: Yes No
Material Specific Use Effect Yes No
Bubble Mix Creates bubble achieved?
Methane Gas Creates flammability
Column Attaches to gas Tested: Untested
chamber Team Tested
Lighter Creates Flame Explainers Sophie and Rachel
Teachers Classrooms
Families Staff:
Other:

Further development options:

This is strictly a QAD. This has been done

already.

Setup Required: Performing the demonstration:

1. Attach column to the hose where the 1. Turn on the methane gas to start creating
methane gas will disburse. the bubble.

2. Apply the bubble mix to the end of the 2. Once the column is at its desired size take a
column. lighter and light the bubble. This should

create a flame where the bubble was.

Problems How could this be improved?
Encountered:
A similar demonstration is already used by the n/a

Science Museum

How could this be scaled up? — n/a
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National Curriculum:

KS2

Investigative Skills

ask questions that can be investigated scientifically and decide how to find answers
consider what sources of information, including first-hand experience and a range of
other sources, they will use to answer questions

Grouping and Classifying Materials

to compare everyday materials and objects on the basis of their material properties,
including hardness, strength, flexibility and magnetic behaviour, and to relate these
properties to everyday uses of the materials

Changing Materials

KS3

to describe changes that occur when materials [for example, water, clay, dough]are
heated or cooled
that temperature is a measure of how hot or cold things are

Investigative Skills

use scientific knowledge and understanding to turn ideas into a form that can be
investigated, and to decide on an appropriate approach

decide whether to use evidence from first-hand experience or secondary sources
carry out preliminary work and to make predictions, where appropriate

Chemical Reactions

how mass is conserved when chemical reactions take place because the same atoms
are present, although combined in different ways
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General Recommendations:

Pictures:
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QAD# 21
Liquid Nitrogen
Bubbles
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. . . WOW Factor 0383059385
Liquid Nitrogen e
Cost Effective L
Find Materials EX
BUbbleC Ease of Use § 93838561
b Building Time jegeseses
Team Name: Science Museum 1 Category: IBLA Demonstration
Activity: Liquid Nitrogen Bubbles End Use: Classroom Outreach
(Professional)
Tested: Yes No
Material Specific Use Effect Yes No
Warm Water Creates bubbles achieved?
Liquid Nitrogen Creates bubbles
Bucket Holds liquid nitrogen Tested: Untested Team Tested
Glycerol Alternative Mix Explainers Sophie and Rachel
Dish Soap Creates Bubbles Teachers Classrooms
Families Staff:
Other:

Further development options:

Lots of team testing has been done and results are

exciting.

Setup Required:

Performing the demonstration:

1. Fill bucket up with water, dish soap, and
glycerol. (About 2 liters of water, few
tablespoons of dish soap, and few tablespoons

of glycerol).

2. Place liquid nitrogen in canister

1. Dump liquid nitrogen in bucket of water. This should
then create a chemical reaction between the two
solutions and create many, many bubbles.

Problems
Encountered:

How could this be improved?

The liquid nitrogen is hard to find.

There are safety issues to take in account.
Handling liquid nitrogen can be dangerous for a

child.

Finding the perfect ratio of water, dish soap, and
glycerol to create maximum amount of bubbles.

Use a narrower bucket (taller and skinnier) for bubbles
to “immerse” the performer.
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National Curriculum:

KS2
Investigative Skills
e ask questions that can be investigated scientifically and decide how to find answers
« consider what sources of information, including first-hand experience and a range of
other sources, they will use to answer questions

Grouping and Classifying Materials
e to compare everyday materials and objects on the basis of their material properties,
including hardness, strength, flexibility and magnetic behavior, and to relate these
properties to everyday uses of the materials

Changing Materials
« to describe changes that occur when materials are mixed [for example, adding salt to
water]
< that non-reversible changes [for example, vinegar reacting with bicarbonate of soda,
plaster of Paris with water]result in the formation of new materials that may be useful

KS3
Investigative Skills
e use scientific knowledge and understanding to turn ideas into a form that can be
investigated, and to decide on an appropriate approach
« decide whether to use evidence from first-hand experience or secondary sources
e carry out preliminary work and to make predictions, where appropriate

Elements, Compounds, and Mixtures
« how elements combine through chemical reactions to form compounds [for example,

water, carbon dioxide, magnesium oxide, sodium chloride, most minerals]with a definite

composition

Changing Materials
e about the variation of solubility with temperature, the formation of saturated solutions,
the differences in solubility of solutes in different solvents

and
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General Re commendations:

Pictures:
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QAD# 22

Match Rocket




Match Rocket

WOW Factor jeSeseseses

Risk X

Cost Effective jeseseses

Find Materials jeSeseseses

Ease of Use jeseses

Building Time L

Team Name: Science Museum 1
Activity: Match Rocket
Material Specific Use
Matches Produces Rocket
Aluminium Foil Holds Pressure
Lighter Ignites Match
Paperclip Holds Rocket

Category: IBLA Demonstration
End Use: Classroom Qutreach
(Professional)

Tested: Yes No

Effect Yes No

achieved?

Tested: Untested Team Tested
Explainers | Sophie and Rachel
Teachers Classrooms
Families Staff:
Other:

Further development options:

Effect was not achieved so no further
development was considered.

Setup Required:

1. Take a match and wrap the tip of with a
small amount of aluminium foil.

2. Reshape the paperclip so that one end can
go in the aluminium foil to create an air
chamber.

3. With the rest of the paperclip create a stand
for the match so that it can stand. (See
picture for details)

Performing the demonstration:

1. This demonstration should be performed
outside with no flammable object nearby.

2. Take the lighter and ignite the match. This
should then create the match to heat up and
create pressure within the aluminium foil and
fire the match like a rocket.

Problems
Encountered:

The demonstration did not work. The match
would light up and burn through the aluminium
foil but not propel.

How could this be improved?

Not applicable

How could this be scaled up?

If the demonstration had worked more matches
could have been used to make the rocket go
farther.
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National Curriculum:

KS2
Investigative skills
« ask questions that can be investigated scientifically and decide how to find answers
e consider what sources of information, including first-hand experience and a range of
other sources, they will use to answer questions
e think about what might happen or try things out when deciding what to do, what kind of
evidence to collect, and what equipment and materials to use

Obtaining and presenting evidence
« check observations and measurements by repeating them where appropriate

Considering evidence and evaluating
e use observations, measurements or other data to draw conclusions
» decide whether these conclusions agree with any prediction made and/or whether they
enable further predictions to be made
« use their scientific knowledge and understanding to explain observations, measurements
or other data or conclusions
* review their work and the work of others and describe its significance and limitations.

Grouping and Classifying Materials
* to recognise differences between solids, liquids and gases, in terms of ease of flow and
maintenance of shape and volume.

Changing Materials
< to describe changes that occur when materials are mixed [for example, adding salt to
water]
< about reversible changes, including dissolving, melting, boiling, condensing, freezing and
evaporating

KS3
Ideas and evidence in science
< that it is important to test explanations by using them to make predictions and by seeing if
evidence matches the predictions

Investigative skills
e use scientific knowledge and understanding to turn ideas into a form that can be
investigated, and to decide on an appropriate approach
« decide whether to use evidence from first-hand experience or secondary sources
e carry out preliminary work and to make predictions, where appropriate

Considering Evidence
e use observations, measurements and other data to draw conclusions
« decide to what extent these conclusions support a prediction or enable further predictions
to be made
< use their scientific knowledge and understanding to explain and interpret observations,
measurements or other data, and conclusions

Evaluating
* consider anomalies in observations or measurements and try to explain them
« consider whether the evidence is sufficient to support any conclusions or interpretations
made
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General Recommendations:
In theory, the match rocket should be able to fire up to 30 feet. There are a lot of safety factors to take
into account though. Gloves and goggles are a must.

Pictures:
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AD# 23

Bed of Nails
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Bed of Nalls

Team Name: Science Museum 1
Activity: Bed of Nails
Material Specific Use
Hammer Breaks Brick
Brick Lays on Bottle

Lotion Bottle Non-breaking Object

Piece of wood Holds Nails

Nails Lays on Wood

WOW Factor LEHIEE
Risk 1039393
Cost Effective L
Find Materials LEHIEE
Ease of Use L
Building Time 1039388
Category: IBLA Demonstration
End Use: Classroom Outreach
(Professional)
Tested: Yes No
Effect Yes No
achieved?
Tested: Untested Team Tested
Explainers | Sophie and Rachel
Teachers Classrooms
Families Staff:
Other:

Further development options:

This is strictly a QAD

Setup Required:

1. Place multiple nails within board.
2. Place lotion bottle on top of the nails
3. Place brick on top of the lotion bottle

Performing the demonstration:

1. Using the hammer, forcefully hit the brick. In
theory, the audience would think that the lotion
bottle will explode open since a hammer is
pounding on it. However, the nails on the bottom
of the lotion bottle act as weight distributors.
Therefore, the lotion bottle will not break
regardless of how hard the performer swings the
hammer.

Problems
Encountered:

n/a

How could this be improved?

n/a

How could this be scaled up?

n/a
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National Curriculum:

KS2
Investigative Skills
e ask questions that can be investigated scientifically and decide how to find answers
« consider what sources of information, including first-hand experience and a range of
other sources, they will use to answer questions

Obtaining and Presenting Evidence
e use simple equipment and materials appropriately and take action to control risks

Considering Evidence and Evaluating

« make comparisons and identify simple patterns or associations in their own observations
and measurements or other data

e use observations, measurements or other data to draw conclusions

» decide whether these conclusions agree with any prediction made and/or whether they
enable further predictions to be made

« use their scientific knowledge and understanding to explain observations, measurements
or other data or conclusions

* review their work and the work of others and describe its significance and limitations.

Forces and Motion
« that when objects [for example, a spring, a table]are pushed or pulled, an opposing pull
or push can be felt
« how to measure forces and identify the direction in which they act.

KS3
Investigative Skills
e use scientific knowledge and understanding to turn ideas into a form that can be
investigated, and to decide on an appropriate approach
« decide whether to use evidence from first-hand experience or secondary sources
e carry out preliminary work and to make predictions, where appropriate

Obtaining and Presenting Evidence

e use arange of equipment and materials appropriately and take action to control risks to
themselves and to others

Considering Evidence and Evaluating
* use observations, measurements and other data to draw conclusions

« decide to what extent these conclusions support a prediction or enable further predictions
to be made

« use their scientific knowledge and understanding to explain and interpret observations,
measurements or other data, and conclusions

Conservation of Energy
« how energy is transferred by the movement of particles in conduction, convection and
evaporation, and that energy is transferred directly by radiation

Forces and Motion

< that unbalanced forces change the speed or direction of movement of objects and that
balanced forces produce no change in the movement of an object
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General Recommendations:
Though an untested idea, it still seems to be a fun and exciting demonstration. This idea was not
developed due to time constraints.

Pictures :
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QAD# 24

“Walking on
Water”




“Walking on
Water”

Team Name: Science Museum 1
Activity: Bed of Nails

Material Specific Use
Small Swimming Pool Holds “water”
Cornflower Creates viscosity
Water Creates mixture

WOW Factor LEHIEE
Risk 19393039385
Cost Effective L
Find Materials 1039388
Ease of Use L
Building Time 19385
Category: IBLA Demonstration
End Use: Classroom Outreach
(Professional)
Tested: Yes No
Effect Yes No
achieved?
Tested: Untested Team Tested
Explainers | Sophie and Rachel
Teachers Classrooms
Families Staff:
Other:

Further development options:

This is strictly a QAD

Setup Required:

1. Fill tank with cornflower and water mix it up
until the consistency is very viscous.

Performing the demonstration:

1. Due to the viscosity of the water, one should
be able to “walk” on the water without getting
wet. However, if one stands in the pool that
person will sink.

Problems
Encountered:

n/a

How could this be improved?

n/a

How could this be scaled up?

n/a
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National Curriculum:

KS2
Investigative skills
« ask questions that can be investigated scientifically and decide how to find answers
e consider what sources of information, including first-hand experience and a range of
other sources, they will use to answer questions
e think about what might happen or try things out when deciding what to do, what kind of
evidence to collect, and what equipment and materials to use

Obtaining and presenting evidence
« check observations and measurements by repeating them where appropriate

Considering evidence and evaluating
e use observations, measurements or other data to draw conclusions
« decide whether these conclusions agree with any prediction made and/or whether they
enable further predictions to be made
« use their scientific knowledge and understanding to explain observations, measurements
or other data or conclusions
* review their work and the work of others and describe its significance and limitations.

Grouping and Classifying Materials
* to recognise differences between solids, liquids and gases, in terms of ease of flow and
maintenance of shape and volume.

Changing Materials
< to describe changes that occur when materials are mixed [for example, adding salt to
water]
< about reversible changes, including dissolving, melting, boiling, condensing, freezing and
evaporating

KS3
Ideas and evidence in science
< that it is important to test explanations by using them to make predictions and by seeing if
evidence matches the predictions

Investigative skills
e use scientific knowledge and understanding to turn ideas into a form that can be
investigated, and to decide on an appropriate approach
« decide whether to use evidence from first-hand experience or secondary sources

Changing Materials
< that when physical changes [for example, changes of state, formation of solutions]take
place, mass is conserved
« about the variation of solubility with temperature, the formation of saturated solutions, and
the differences in solubility of solutes in different solvents
< torelate changes of state to energy transfers
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General Recommendations:
The team has tested this idea on a small scale using a bowl. The idea would seem to be very exciting and
fun but due to time and room constraints the team was not able to develop this idea.

Pictures :
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QAD# 25

Water Explosion
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Water Explosion

Team Name: Science Museum 1
Activity: Water Explosion
Material Specific Use
Beakers Holds water

Elements on periodic

Creates chemical

table

reaction

Lithium (Li)

Sodium (Na)

Potassium (K)

WOW Factor 038305039
Risk 1039393
Cost Effective TR
Find Materials 308
Ease of Use jeseseses
Building Time 103030385
Category: IBLA Demonstration
End Use: Classroom Outreach
(Professional)
Tested: Yes No
Effect Yes No
achieved?
Tested: Untested Team Tested
Explainers | Sophie and Rachel
Teachers Classrooms
Families Staff:
Other:

Further development options:

This is strictly a QAD

Setup Required:

Performing the demonstration:

1. Fill up beakers of water

1.By adding in the metals (only use alkali metals)
to the water it will create a chemical reaction. As
you go farther down the list of metals the
chemical reactions become more explosive.

Problems
Encountered:

How could this be improved?

n/a

n/a

How could this be scaled up?

n/a
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National Curriculum:

KS2
Investigative Skills
« ask questions that can be investigated scientifically and decide how to find answers
« consider what sources of information, including first-hand experience and a range of
other sources, they will use to answer questions

Grouping and Classifying Materials
e to compare everyday materials and objects on the basis of their material properties,
including hardness, strength, flexibility and magnetic behavior, and to relate these
properties to everyday uses of the materials

Changing Materials
« to describe changes that occur when materials are mixed [for example, adding salt to
water]
< that non-reversible changes [for example, vinegar reacting with bicarbonate of soda,
plaster of Paris with water]result in the formation of new materials that may be useful

KS3
Investigative Skills
e use scientific knowledge and understanding to turn ideas into a form that can be
investigated, and to decide on an appropriate approach
« decide whether to use evidence from first-hand experience or secondary sources
e carry out preliminary work and to make predictions, where appropriate

Elements, Compounds, and Mixtures
« how elements combine through chemical reactions to form compounds [for example,

water, carbon dioxide, magnesium oxide, sodium chloride, most minerals]with a definite

composition

Changing Materials

* about the variation of solubility with temperature, the formation of saturated solutions,
the differences in solubility of solutes in different solvents

and
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General Recommendations:
This activity has a large Wow factor. However, coming up with the elements can be difficult. Also, safety is
a concern since explosions are involved. Strictly recommended for Outreach Demonstration use only.

Pictures :
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QAD# 25
Discharging a
Capacitor




Discharging a

Capacitor

WOW Factor §050305 036
Risk jeseses
Cost Effective 2050308
Find Materials L%

Ease of Use 2050308
Building Time T

Team Name: Science Museum 1
Activity: Discharging a Capacitor
Material Specific Use

Fast Discharge Capacitor Discharge

Very thin metal wire Shorting Capacitor

Category: IBLA Demonstration
End Use: Classroom Outreach
(Professional)

Tested: Yes No

Effect Yes No

achieved?

Tested: Untested Team Tested
Explainers | Sophie and Rachel
Teachers Classrooms
Families Staff:
Other:

Further development options:

This is strictly a QAD

Setup Required:

Performing the demonstration:

1. Charge capacitor using appropriate available
electrical source.

1. Carefully short the capacitor by using the wire
to connect the leads of the capacitor together.

2. The wire should vaporize because of the
intense heat created by the rapid current being
released.

Problems
Encountered:

How could this be improved?

n/a

n/a

How could this be scaled up?

n/a
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National Curriculum:

KS2
Changing materials

« about reversible changes, including dissolving, melting, boiling, condensing, freezing and
evaporating

< that burning materials [for example, wood, wax, natural gas]results in the formation of
new materials and that this change is not usually reversible.

Grouping and classifying materials

* to compare everyday materials and objects on the basis of their material properties,
including hardness, strength, flexibility and magnetic behaviour, and to relate these
properties to everyday uses of the materials

» that some materials are better electrical conductors than others

Electricity

e to construct circuits, incorporating a battery or power supply and a range of switches, to
make electrical devices work [for example, buzzers, motors]

< how changing the number or type of components [for example, batteries, bulbs, wires]in a
series circuit can make bulbs brighter or dimmer

« how to represent series circuits by drawings and conventional symbols, and how to
construct series circuits on the basis of drawings and diagrams using conventional
symbols.

KS3
Electricity and magnetism

« how to design and construct series and parallel circuits, and how to measure current and
voltage

< that energy is transferred from batteries and other sources to other components in
electrical circuits

Conservation of energy

« ways in which energy can be usefully transferred and stored

< how energy is transferred by the movement of particles in conduction, convection and
evaporation, and that energy is transferred directly by radiation

< that although energy is always conserved, it may be dissipated, reducing its availability
as a resource.

Changing materials

« that when physical changes [for example, changes of state, formation of solutions]take
place, mass is conserved
« torelate changes of state to energy transfers
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General Recommendations:

Pictures :
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Appendix D

Inquiry-based Learning

Activities
I




Appendix D: Inquiry-based Learning Activities

Sound

Mystery Powder

Solar Powered Toys

163



Each IBLA is rated and each objective was based ancontrolled set of
criteria, illustrated below. Rating boxes can be fond in the upper right corner of
the each IBLA recommendation page.

WOW Factor — Perceived based on the experience of both the project team and

museum staff.

¥¥ = No excitement, not fun, boring

Lt = Little bit of fun but not very exciting
L = Fun and little bit exciting
LEEEL = Very fun and exciting
LEEE = The most fun and exciting

Risk — Based on average risk assessment or perceived risk
¥t = Fatally Dangerous, needs heavy development

¥t = Serious Injury may occur, needs development

L = Somewhat dangerous, needs some development

LEEL = Little risk or minor injury, just about ready for testing
Lt = Safe, ready for testing

Cost Effective

3t = >100£

L3¢ = 41£ - 100£
LS = 21£ - 40£
L = 11£ - 20£
LEHEE = <10£

Find Materials

¥t = Unique items required, extremely hard to find

¥t = Not very common items to find

LH3t = Everything can be found within reason
LEt = Everything can be found with local shopping
LEEEE = Classroom/Science lab items

Ease of Use

¥t = Very hard to use, hard to make it work
L% = Hard to use

LHt = Not very user-friendly to use
THAHY = Easy to use

LEEEL = Easy, simple, user-friendly

Building Time

3t =>2 hours

L% = 1 hour — 2 hours

L = 31 minutes — 1 hour
LEHAEE = 10 minutes — 30 minutes
LY = <10 minutes
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IBLA #1

Sound



Sound

Lesson Plan
Objective: Project sound of a ticking clock using normalrgday items

Materials We Used:

Clock

Plastic Cups

Tape

Metal Bowls of Varying Sizes

Plastic Tubing (~1 meter each)

Nails

Funnels

Cardboard Boxes of Varying Sizes

Red Herring Items: packaging material, wire, clothicup coasters, etc.

Strategy:

1.

wmn

Pupils work in groups to discuss their ideas on tmwirect the sound along their
chosen route (across the room, through an assauke, up the wall, etc.).
Encourage them to use pencil and paper to docutheintideas. Planning should
take about 10 minutes

Let each group build their ideas for about 20 nmesut

Teacher should be supervising, if the children seelbre struggling with ideas the
teacher should give small hints.

Each group will test their product one by one. &wgfpng on number of groups,
this time will vary.

After each test trial, the teacher or judge shgiNe them points based on the
table above.

After testing, the children should discuss thepenences with the challenge.
This can include relating their designs/ideas togh they have seen, heard, or
studied. After this experiment, the children mayifitrigued by this challenge
and may use the internet or other research metioddsd out more about this
project.

If all goes well, the children should learn how sduravels and how it can be
amplified. If not, the teacher should explain toaclusions.

Steering Tips:

Let the children know that connecting tubing togetwill give them low points
on ingenuity and originality.

Vibration will help amplify noises

Making sounds go through solids are better thangytiirough air.
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Awards Table

Criteria Multiplying Scale Rating (0 to 5) Score
Ingenuity X5
Originality X5
Aesthetics X1
Applied Knowledge X5
Team Work X3
Success X10
Total
Conclusions:

« The results should show that sound travels bettsolids than gases.
* The denser the solid, the better sound travels.
* Increasing surface area of the sound source craatpkfication.

Tested Ways of Amplifying and Propagating Sound

Sound Project 1—Nails and Bowl
1. Place clock down so that the hands cannot be seen
2. Place three nails on the black part of the clodkwhe tips pointing up
3. Balance one of the metal bowls on tip of the 3sail

Methods:
* Placed the project down on the basement floor
* Used Funnel in ear to help hear the sound

Results:
» Strongly amplifies sounds
e Could hear sounds several stories up, howeveasitline room had to be
completely silent
* The sound travels upwards
* Perhaps, too hard for children to figure out
* Very original, high level of applied knowledge
Sound Project 2—Pure Tubing
1. Using the PVC pipes connect all of them togethee (iape to connect if
necessary)

Methods:
* Place clock next to one end of the tubing
» Listen on other side of tube

Results:

167



« Example of how sound travels, not amplifying sound
* Can hear sound very clearly

* Very high resistance to other noise

» [Easy and quick to set up

* Not very original, aesthetically unpleasing

Sound Project 3—Stethoscope

1. Use funnel and attach it to the back of the clac&hould be a snug fit)

2. Attach the appropriate sized PVC tubing to the &inn
3. Attach another funnel to the other side of the tube

Methods:
*« Encase ear in the funnel

Results:
* Can hear the sound clearly and loudly
* Can change the direction of sound travel in any way
» High originality, high creativity, aestheticallygasing

Sound Project 4—Broomstick
1. Place one end of broomstick on the backside oflitek

Methods:
* Place ear on other side of broomstick

Results:
* Changes the sound
* Sound travels through broomstick
* Amplifies sound
* Very simple, some applied knowledge, low aesthelowg ingenuity

Sound Project 5—Broomstick with bowl
1. Place broom stick on clock vertically
2. balance metal bowl on top of the broomstick

Methods:
* Place ear near the open end of the bowl

Results
« Amplifies sound more than just the broomstick pcoje
e Hard to keep metal bowl steady on the broomstick
« Still very simple, more applied knowledge than joisiomstick

Questions
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* Amplifying sound vs. Sound travel, which one is monportant?
* Should the children be able to take apart the lock
» Defining how Award Points can be Distributed
o Includes: ingenuity, complexity, originality, apgdi knowledge, aesthetics
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WORKSHEET

Introduction

You and your team are spies, trying to hear a gargt sound from far away. |If
you put your ear right up next to it, the enemidsaatch you. Can you design a

device that will allow you to hear the secret mgssaithout getting caught?

Listen for the sound that you will be trying to difyp Can you hear it on your

own?

You will be able to use the following objects tah¢he secret message:

* Plastic Cups

« Tape

* Metal Bowls of Varying Sizes

» Plastic Tubing (~1 meter each)

* Nails

* Funnels

» Cardboard Boxes of Varying
Sizes

« Packaging material

* Wire

* Cloth

e Cup coasters
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If you brought an item from home, you may use #dsatvell.

Brainstorming

Once you have been divided into groups, look antheerials that have been
provided and think about a variety of ways that gould use them to hear the
secret sound. Write down all your ideas (or draval§ pictures, but do not take
too much time) so that you will remember them latéryou can think of any
other objects that you might find in the classroamake a note of them, and ask
your teacher if you can use them. Write down @®gas that you have, even if
they might not work. If an idea seems silly, iglr group anyway; it might give

someone else on your team an idea!

Once you have a list of ideas, think about whicaglseem like they would work
the best. You will be evaluated based upon whetber design works, but also
on how clever and creative it is, how well you warikh your group, and what the
design looks like. Keep in mind how sound travaly] the questions that you
answered in your homework. Have you ever thouggit & sound was travelling
further or seemed louder than you would have expéctUse any experience you
have to your advantage. And remember! You willdhto work quickly to

intercept the secret message.

Building

Once you and your team mates have settled on grdést you think will work,
construct it from the materials that have been ipex. Again, if you feel that any
other materials will enhance your design, ask yeacher if you may use them.

Work as quickly as you can without making mistakes.

Testing
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Once your design is complete, each team will hawveportunity to test the
device. Does it work? What is the secret messdgesk at the other groups
designs. If you were to design another device twiwaild you do differently?
Why would it work better?

Conclusions

Please answer the questions below on a separatedhEper.

1. Were you able to hear the secret message? Whatavas

2. Which of the objects provided did you use in yaoaeFdesign? What did
you bring from home? Did you use it?

3. Did you design your device such that the vibratitvagelled through a
solid, a liquid, or a gas? Why did you chooserttaerial that you did?
Was that the optimal choice?

4. Of all of the designs that you saw your classmases which seemed to be
the most effective? Why? Having constructed astetlour design, what
else would you be interested in trying to improeeiryresults?

5. Can you think of a time when you listened to sonmgtithrough a gas? A
liquid? A solid? How did they sound?

6. Have you ever cupped your hand around your eaedo $omething better?
Did it work? Why or why not?

7. Draw and attach a picture of your design, labelangthing that might be

unclear.
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HOMEWORK SHEET

Tomorrow in class you will be taking a very smaluad that you can barely
hear and using what you have learned about vilorai{gound in particular),
to amplify that sound, or make it louder. Keepihg in mind, please

answer the following questions:

1. What do you already know about sound? How doatibins travel?

2. Write down three materials that you think sound dtavel well

through and three things you think would not caoynd well

3. Look up the definition of a vacuum (not the one yptean the floor
with!). Do you think sound would travel well thrgln a vacuum? Why

or why not?

4. If you were trying to hear a sound that was faryathat was being
carried through air, what could you do? Can yanktlof any animals

that hear better than you do? What could be omsorefor that?

5. Think of one thing that you have around the hobhsg hight help you
hear something far away. Indicate what it is beldfapossible, bring
that object with you to class tomorrow to help ymar the very quiet

sound.
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Sound

Team Name: Science Museum 1
Activity: Sound

Material Specific Use
Metal Bowls Amplify Sound
Metal Nails Amplify Sound
Broomstick Amplify Sound

Clock Produces Sound

PVC Piping Amplify Sound
Water Bottles Amplify Sound
Funnels Amplify Sound

Others can be found in Appendix D of report

WOW Factor 038305039
Risk 19383059395
Cost Effective jesesese]
Find Materials 038305039
Ease of Use 038305039
Building Time 03930385
Category: IBLA Demonstration
End Use: Classroom Outreach
(Professional)
Tested: Yes No
Effect Yes No
achieved?
Tested: Untested Team Tested
Explainers | Sophie and Rachel
Teachers Classrooms
Families Staff:
Other:

Further development options:

Perhaps use an MP3 or a recorder to tape actual
messages. Can be turned into a spy-themed
activity where the children has to figure out a
“secret message”.

Setup Required:

1. Gather necessary materials and present workghtfee children
a day prior to the actual activity.

2. Make sure they understand the basic concepstsurfd and refer
to the lesson plan, worksheet, and homework sloeendre details
in Appendix D.

Performing the demonstration:

7. Pupils work in groups to discuss their ideas on tmdirect

the sound along their chosen route (across the,rioough

an assault course, up the wall, etc.). Encoutagrm to use
pencil and paper to document their ideas. Planstiogld
take about 10 minutes

Let each group build their ideas for about 20 mésut

Teacher should be supervising, if the children seebre

struggling with ideas the teacher should give simalis.

10. Each group will test their product one by one. &wfing on
number of groups, this time will vary.

11. After each test trial, the teacher or judge shaive them
points based on the table above.

12. After testing, the children should discuss theperiences
with the challenge. This can include relating thei
designs/ideas to things they have seen, heartijdied.
After this experiment, the children may be intrigusy this
challenge and may use the internet or other relsenethods
to find out more about this project.

7. If all goes well, the children should learn hseund travels and

how it can be amplified. If not, the teacher skiaexplain the

conclusions.

=l

Problems
Encountered:

No problems were encountered. Just needs
more testing.

How could this be improved?

Replace the clock with an MP3 player or
recording to tape “secret messages”.

How could this be scaled up?

Not applicable
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General Recommendations:
Very fun activity to do. Easy to set up and easy to perform. Highly recommended to further develop
and put into classrooms.

Pictures:
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IBLA #2

Mystery Powder



Mystery Powder

Lesson Plan

Child’s Objective: Identify mystery powder using materials and taasmonly
available in classroom.

Educational Objectives:
» Gain experience using lab equipment
* Encourage creativity
0 Sourcing materials and equipment from classroom
o0 Devising tests

Materials We Used:
* Zip lock bags
e  Water
* Vinegar
e Litmus paper
* Test tubes / beakers

« Matches
e 1.5v battery
«  Wire

« Small light bulb
« Safety goggles
* Weighing scales
* Magnifying glass
» Various powders

o Bicarbonate soda
Corn flour
Cream of tartar
Salt
Baking powder
Sugar
Flour
Crushed up meringue cookie
Etc...

O O O0OO0OO0OO0OO0oOOo

Strategy:

Introduction:

The activity should be presented to the studenfsliows. A janitor has
discovered multiple bags containing mysterious parwdh a teacher’s drawer; the police
were notified and the teacher arrested pendingwstigation. It is the job of the
students to identify the mystery powders and deifithe teacher is guilty of any crime.
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Necessary equipment outlined above should be $etigpudents prior to their
arrival. Labelled samples of all powders shouldrizele available to the students for
comparison. One of the labelled samples may beedaak an “illegal” substance; this
should be an uncommon powder the children willbefamiliar with.

This activity requires groups of around 3-4 studqudr team, although the number is
flexible. Each group will receive a different bafgnaystery powder with one group
getting the “illegal” substance. With minimal ingudm the teacher, the students should
test their mystery powder by comparing it to tHeeléed samples using the provided test
equipment and be able to accurately identify thatend of the lesson.

Brainstorming:

Groups should be given 5-10 minutes at the startast to brainstorm and discuss
various ways of testing their powder. They may $leed to write down five questions
they'd like to investigate. The teacher should emage them to look around the room
and come up with possible creative ways to tesvén®us powders.

Testing:
Each group will spend the majority of the cla€s,3® minutes, testing their

mystery powder. They should be encouraged to ma#bla listing the various
controlled samples and their properties. If soréesia template may be produced by the
teacher already listing the labelled powder samp@lasexample of one such template is
provided below.

Students should be left to test the powders asuigy, if a group appears stuck, the
teacher should ask questions that get the stuti@ntsng about additional properties of
powders to test and compare. Examples of testneaed below.

Discussion:

With 15-20 minutes remaining in the lesson, stuslshbuld have come to a decisive
conclusion, or at least have a good idea as to thleatmystery powder is. At this point,
all the groups will present their findings to tHass and teacher (judge). The class as a
whole will then deliver their verdict. The teachal then reveal what the mystery
substances were and whether any were “illegal’obr n

Modifications and Suggestions:

Depending on the age of the students more elabeamples and testing means
may be employed. Older children may be given naxl floased powders such as laundry
detergent for their mystery powder and sample #iéhstipulation that since this is a
mystery powder and the police are treating it &p®ious, it is unknown whether it is
toxic or not and must not be tasted or inapproelyailhe students may be made to wear
gloves and aprons for added effect.

In addition, the sample powders and equipment Inealeft in their original
locations (salt in cabinet, matches in drawer, rdetet under sink...) and it will be up to
the students to source them for comparison. Insttemario the teachers only input is to
set the scenario and present the students withate
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Sample Powder Property Table

Labelled Powder | Flammability

Smell

Etc...

Salt

Baking powder

Corn flour

Bicarbonate soda

Sugar

“illegal” substance

Etc...

Sample Tests

Visually compare grains
Combustibility
Solubility

Density
Taste

NoOkRwNE

Electrical conductivity when dissolved in water
PH level when dissolved in water
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Mystery Powder Worksheet

Introduction

Mr. Clean, your schools janitor, discovered sevbegs containing mysterious
powders in the drawer of Mr. Newton, one of yowacteers. He notified the police
and Mr. Newton is being held, pending an invesiogainto the legality of the
powders. It is up to you and your team to identiy powder your teacher gives
you and decide if Mr. Newton is guilty of any crime

Brainstorming

In your group, look over the mystery powder yowcteer has given you. It
Is your job to figure out what it is. Look aroundw do you have known powder
sample to compare it to? If not, where can you firem? Do you have any tools
or equipment to test the powder? Can you find aogenyou would like to use?

Spend the next 5-10 minutes in your group disngs&rious ways to test
the mystery powder to figure out what it is. Widkewn any ideas your group has
to refer back to. Try to come up with at least fipeestions you would like to
have answered that would help you figure out whattowder is. Can you figure
out ways to answer them?

Keep in mind, you will be evaluated on not onlgntifying the powder, but
how creative your testing was, as well as how libtgkes you. So work smart,
use the time wisely and work efficiently!

Testing

Now that you have discussed with your team whatwant to figure out
and how, it is time to test the powder. You may thekteacher questions, but
remember, it is your task to decipher the mysteoy,your teachers. Do whatever
it takes as long as it is safe i.e. don't tastewager if your teacher tells you that
the police are unsure if it is toxic or not.

When all the groups believe they know what the gws, the teacher,
who has been asked to play the role of a judgééyblice, will hear from each
group what substance they believe they were dealittgand whether or not Mr.
Newton has committed a crime. Be prepared to backour testimony with
evidence you have gathered during your investigatio
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Conclusions

Please answer the questions below on a separaedhmper.
1. Were you able to figure out what the powder wasRavWas it?

2. What tests did you run on the mystery powder? Whiak most effective?

3. Are there any other tests you would have like tolrad proper equipment
been available to you?
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Mystery Powder

Team Name: Science Museum 1
Activity: Mystery Powder

Material Specific Use
Powders X 10 Find in Grocery Store
Litmus Paper Measure pH

Beakers Dissolves powders
Magnifying Glass Examine Powder
Bunsen Burner (optional)

Latex Gloves Protection

Spoons Stir Solution

Ziplock Bags Holds Mystery Powde
Vinegar Test pH

WOW Factor jeseseseses

Risk TS

Cost Effective jeseseses

Find Materials 19503050363

Ease of Use jeseseseses

Building Time 193839593

Category: IBLA Demonstration
End Use: Classroom Outreach
(Professional)

Tested: Yes No

Effect Yes No

achieved?

Tested: Untested Team Tested
Explainers | Sophie and Rachel
Teachers Classrooms
Families Staff:
Other: Public

Further development options:

Heavy testing has been done with this IBLA.
Ready for classroom testing.

Setup Required:

1. Gather up all materials and present a mystery

powder to a group (2-3) and have them figure out
what the mystery substance is by using scientific

methods.

**A detailed explanation of how to perform this IBL
can be found in Appendix D of the report.**

Performing the demonstration:

Problems

Encountered:

Target age should be between 10-12.

If the performers are too young, they may not
understand the concept fully and may need
assistance to help figure out the activity.

How could this be improved?

If children are finding that one powder is too
easy to solve try combining two or more to make
it more challenging.

How could this be scaled up?

Not applicable
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IBLA #3

Solar Power Toys



WOW Factor EX
Risk THHEHEY
Cost Effective LT
Solar Power Toys s
Ease of Use 383
Building Time jeseses el
Team Name: Science Museum 1 Category: IBLA Demonstration
Activity: Solar Power Toys End Use: Classroom | Outreach
(Professional)
Tested: Yes No
Material Specific Use Effect Yes No
Solar Power Toys Moving Object achieved?
PVC piping Directs Light
Poster Tubing Directs Light Tested: Untested Team Tested
Aluminium Foil Reflect Light Explainers Sophie and Rachel
Mirrors Reflect Light Teachers Classrooms
Magnifying Glass Focus Light Families Staff:
Torch Produces Light Other: Public

Further development options:

IBLA was very difficult to perform, needs better
light source, and bigger toy.

Setup Required: Performing the demonstration:

1. Place a torch that has to remain stationagy in
room. Preferably, place the torch on an elevated a
such as a table or chair.
2. Place solar power toy on the ground or on tasar
that is on a different level with the torch.

1. Have the children build the most ingenious
way possible to use the tools to direct the light
into the solar power toy.

Problems
Encountered:

How could this be improved?

Needs a better light source and perhaps a more
efficient solar power toy.

e Torch light by itself works better than
using tools with it.

e Lots of work goes into making the solar
power toy work to only get minimal
results (small vibration)

« Reflecting the light is very difficult to do.
And if it is done, the intensity of the light

is minimized.

How could this be scaled up?

Not applicable
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Appendix E: Risk Assessment Forms

This appendix contains risk assessment forms fst of the demonstrations that
were tested during this project. It also contaisample risk assessment form, for those
whom are unfamiliar, and the number criteria, stpis based on, for easy reference.

Demonstrations with risk assessment available here:

*  QAD# 05 Deflecting Laser

* QAD# 07 Lemon Battery

*  QAD# 10 Floating on CO2

e QAD# 11 Mentos and Soda Rocket
e QAD# 12 Creating a Vacuum

* QAD# 14 Heat Boat

 QAD# 15 Breaking Glass

*  QAD# 16 Imploding Can

QAD# 19 Gaussian Launcher

*  QAD# 21 Liquid Nitrogen Bubbles
«  QAD# 22 Match Rocket
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NMSI Risk Assessment Form (SAMPLE)

Nature / type of task being assessed and
location/s
Date by when Assessment
Date of Assessment assessment must be Cgmple’ied b%//
reviewed epartmen
How many people What category of person may be at risk (e.g.
could be at risk? employee, contractor, public, young, old,
special needs?)
Hazard / risk Conse- | Likelihoo | Score | Risk Action/solution Time

quence d CxL | rating scale
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assessment values

classification of risk

rating

(Cx L =score)

action from risk rating

consequence (C) likelihood (L)
Marginal - 1 unlikely - 1
(slight injury, minor first aid)
Dangerous - 2 likely - 2
(serious injury or damage) (to occur at some time)
Very dangerous - 3 very likely - 3

(could cause death or
widespread injuries)

score

risk rating
Trivial
Tolerable
Moderate
Substantial

Intolerable

action
No further action required

Keep control measures under
review

Fine tune control measures

Urgent control measures
needed

Stop activity until risk reduced

time scale

within 3 months
within 3 months
within 1 month

immediately

* Your assessment will need to consider who and hawynpeople may be affected by the hazard/s — Idrehi or the elderly may

be most at risk. In these circumstances the askg will need to reflect this.

* Where the activity or task is a one off event —‘timee scales for action’ may need to be amendezhsure that safety controls

are implemented before the activity takes place.

* Please remember you are not expected to risk aastgsies that are outside of you knowledge, etipe or experience.

* Further information and assistance can be obtdnoed the NMSI Health & Safety Advisor.
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Remember
Hazard means anything that can cause harm.
Risk is the chance, high or low that somebody will bented by the hazard

Five Steps to Risk Assessment
* Look for the hazards
* Decide who might be harmed
» Evaluate the risks and decide whether the existing precautions are adequate or whether more should be done
* Record your findings.
* Review your assessment and revise it if necessary
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NMSI Risk Assess

ment Form

Nature / type of task being assessed a

ndeflecting Laser QAD#5

location/s
Date by when Assessment
Date of Assessment|  24.4.2007 | assessment must be Cgmp'eied b%// WPI — Science Museum 1
reviewed epartmen
How many people What category of person may be at risk (e.g.
could be at risk? employee, contractor, public, young, old, Public, young, classroom
special needs?)
Hazard / risk Conse | Likel | Scor | Risk Action/solution Time
- ihoo | e rating scale
quenc | d | CxL
e
Laser pointer points in eye 1 1 1 trivial Keep children or participants from shining the -
laser pointer into anyone’s eyes.
Burns from hot plate or heat source 1 2 2 | Toler § Remind anyone involved that the hotplate is| 3
able active and hot. Place clear signage nearby if| month

necessary to indicate heat.

NMSI Risk Assess

ment Form
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Nature / type of task being assessed a

nd.emon Battery QAD#7

location/s
Date by when Assessment
Date of Assessment|  24.4.2007 | assessment must be C%mp'eie‘j bi’/ WPI — Science Museum 1
reviewed epartmen
How many people What category of person may be at risk (e.g.
could be at risk? employee, contractor, public, young, old, Young, classrooms
special needs?)
Hazard / risk Conse | Likel | Scor | Risk Action/solution Time
- lhoo | e rating scale
quenc | d | CxL
e
1 1 1 Trivial § Provide warning about the danger of the nails| -
Sharp nails are involved that may puncture skin
1 2 2 | Toler Unlikely to cause damage, use acceptable
Lemon juice squirts in eye able caution.

191




NMSI Risk Assessment Form

Nature / type of task being assessed andrloating on CO, QAD#10
location/s
Date by when Assessment
Date of Assessment|  24.4.2007 | assessment must be Cgmp'eied b%// WPI — Science Museum 1
reviewed epartmen
How many people What category of person may be at risk (e.g.
could be at risk? employee, contractor, public, young, old, Young, public
special needs?)
Hazard / risk Conse | Likel | Scor | Risk Action/solution Time
- ihoo | e rating scale
quenc | d | CxL

e
1 1 1 | Trivia Avoid skin contact. -

Solution of baking soda with vinegar may be irritart to |
the skin

NMSI Risk Assessment Form
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Nature / type of task being assessed andMlentos and Soda Rocket QAD# 11

location/s
Date by when Assessment
Date of Assessment|  24.4-007 | assessment must be Completed by / WPI — Science Museum 1
reviewed Department
How many people What category of person may be at risk (e.g.
could be at risk? employee, contractor, public, young, old, Public, Young, Classroom
special needs?)
Hazard / risk Conse | Likel | Scor | Risk Action/solution Time
- lhoo | e rating scale
quenc | d | CxL
€
2 1 2 | Toler Instruct observers to stand a safe distance 3
Bottle hitting a person due to accidental launch (ray hit able away from the rocket before and during month
in head, eye area) launch. s
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NMSI Risk Assess

ment Form

Nature / type of task being assessed a
location/s

nCreating a Vacuum QAD#12

Date of Assessment|  24.-4-2007

Date by when

assessment must he

reviewed

Assessment
Completed by /
Department

WPI — Science Museum 1

How many people
could be at risk?

What category of person may be at risk (e.g.
employee, contractor, public, young, old,
special needs?)

Public, Young, Classroom

Hazard / risk Conse | Likel | Scor | Risk Action/solution Time
- ihoo | e rating scale
quenc | d | CxL
e
1 2 2 | Toler § Drop match into bottle carefully, but quickly 3
Burn self with lighter or match able to avoid burns to fingers and hands. month

NMSI Risk Assess

ment Form
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Nature / type of task being assessed antHeat Boat QAD#14

location/s
Date by when Assessment
Date of Assessment|  24.4.2007 | assessment must he Completed by / WPI — Science Museum 1
reviewed Department
How many people What category of person may be at risk (e.g.
could be at risk? employee, contractor, public, young, old, Public, Young, Classroom
special needs?)

Hazard / risk Conse | Likel | Scor | Risk Action/solution Time
- lhoo | e rating scale
quenc | d | CxL
e
1 2 2 Toleraj Avoid coming in contact with flame during 3
Burns self with candle or heat source on boat ble demonstration. month
s
1 2 2 | Tolerafj Task should be performed using extra care. 3
Prick finger when reshaping paperclip ble Gloves or pliers would increase safety in thig month
situation. S

NMSI Risk Assessment Form
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Nature / type of task being assessed andreaking Glass QAD#15

location/s
Date by when Assessment
Date of Assessment|  24.4-2007 | assessment must be C%mp'eie‘j bz’/ WPI — Science Museum 1
reviewed epartmen
How many people What category of person may be at risk (e.g.
could be at risk? employee, contractor, public, young, old, Public, Young, Classrooms
special needs?)
Hazard / risk Conse | Likel | Scor | Risk Action/solution Time
- lhoo | e rating scale
quenc | d | CxL
e
' ' _ 1 2 2 | Toler | Use gloves to conduct experiment and do nopf 3
Cutting self with sharp glass (This can only happeafter able | allow un protected hands to touch the glass.| month
the demonstration has been done). S
1 2 2 | Toler Use gloves to conduct experiment and keep| 3
Burning self when lighting the string on fire to het up able burning materials a safe distance away from| month

glass

the body or any flammable materials.

NMSI Risk Assessment Form
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Nature / type of task being assessed a1¢mp|oding Can QAD#16

location/s
Date by when Assessment
Date of Assessment|  24.4-2007 | assessment must be Cgmp'eied b%// WPI — Science Museum 1
reviewed epartmen
How many people What category of person may be at risk (e.g.
could be at risk? employee, contractor, public, young, old, Public, Young, Classroom
special needs?)
Hazard / risk Conse | Likel | Scor | Risk Action/solution Time
- ihoo | e rating scale
quenc | d | CxL
e
1 2 2 | Toler Use gloves to handle soda can during and 3
Burns self when handling hot soda can after heating able after experiment while it remains at month
up dangerous temperatures. S
1 2 2 | Toler Pay careful attention to the heat source for 3
Burn self when handling heat source (Bunsen burner, able both those conduction the demonstration and month
candles, etc) those observing. Avoid accidental contact with S
the heat source.
2 1 2 | Toler § Do not put face or body parts over or near thel 3
One may examine the soda can closely while its hewy able heat operation. month

up. Steam is released and may burn face/eye

NMSI Risk Assessment Form

Nature / type of task being assessed ahc[;aussian Launcher QAD#19
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location/s

Date by when Assessment
Date of Assessment|  24.4-2007 | assessment must be Completed by / WPI — Science Museum 1
. Department
reviewed
How many people What category of person may be at risk (e.g.

could be at risk?

employee, contractor, public, young, old,
special needs?)

Young, Classroom

Hazard / risk Conse | Likel | Scor | Risk Action/solution Time
- ihoo | e rating scale
quenc | d | CxL
€
1 2 2 | Toler f Avoid placing any part of the body in the path| 3
If a series of launchers are set up, the steel bdlearings able of the projectile. Also avoid aiming the month
may hurt someone due to a larger force from the projectile at hard surfaces that may cause s
magnets. unpredictable ricochet.
1 1 1 | Trivia Have participants handle magnets carefully -
Since strong magnets are involved, it may attracttber | and responsibly. Remind participants that
metal objects and hurt someone that is handling the magnets are brittle and will break if handled
magnet incorrectly.
3 1 3 Moder§ Do not allow participants to place any partof | 3
If young are present, they may put balls in mouth. ate the demonstration in their mouth. month

NMSI Risk Assessment Form

Nature / type of task being assessed ah@iquid Nitrogen Bubbles QAD#21
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location/s

Date by when Assessment
Date of Assessment|  94.4.2007 | assessment must he Completed by / WPI — Science Museum 1
reviewed Department
How many people What category of person may be at risk (e.g.
could be at risk? employee, contractor, public, young, old, Public, Young, Performer

special needs?)

Hazard / risk Conse | Likel | Scor | Risk Action/solution Time
- ihoo | e rating scale
quenc | d | CxL
€
1 1 1 Trivial § If it happens just let the body heat evaporate the -
Liquid nitrogen spilling on someone liquid nitrogen. No part of the body should be
submerged in liquid hydrogen.
2 1 2 | Tolera Warn the audience about the potential 3
Someone holds hand in liquid nitrogen causing frodtite ble hazards of liquid nitrogen. No part of the month
body should be submerged in liquid hydrogen S
1 1 1 Trivial Bubbles and nitrogen gas should be at safe 3
Bubbles that form are cold so that if the bubblesavered temperatures to touch with bare skin. Avoid month
in presenter may cause frost bite. breathing nitrogen gas. S
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NMSI Risk Assessment Form

Nature / type of task being assessed antlatch Rocket QAD#22

location/s
Date by when Assessment
Date of Assessment|  24.4-2007 | assessment must be Completed by / WPI — Science Museum 1
reviewed Department
How many people What category of person may be at risk (e.g.
could be at risk? employee, contractor, public, young, old, Public, Young, Classroom

special needs?)

Hazard / risk Conse | Likel | Scor | Risk Action/solution Time
- ihoo | e rating scale
quenc | d | CxL
e
1 1 1 Trivial § Take caution when lighting matches. This should -
Burn self while lighting the match only be performed by an adult or under strict
supervision.
1 1 1 Trivial Use caution while shaping paper clip. -
Puncturing skin while reshaping the paperclip to ceate
the match holder
1 1 1 Trivial Instruct audience to stand clear and at a safe
Match rocket is accidentally launched prematurely ad distance. Avoid walking at any point in front of
hits someone. (Body) the rocket.
2 1 2 Tolera Instruct audience to stand clear and at a safe
Match rocket is accidentally launched prematurely ad ble distance. Avoid walking at any point in front of
the rocket.

hits someone. (Head/eyes)
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