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Abstract

This project implemented and tested methods to adapt Commonwealth Scientific and Industrial
Research Organisation (CSIRO) science programs to accommodate Australian students with disabilities.
Universal Design principles were applied to the Tyre Track activity in the Forensic Frenzy program to
improve the science experience for visually impairsidents. The team gathered survey and
observational data, evaluated activity effectiveness, and delivered recommendations and guidelines.
Statistical analysis demonstrated that rtormal education programs modified to contain meggnsory
components igrease student knowledge and understanding.
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Nomenclature
laasSaaySyidy al (Said 2F AYRAGARdAzZEf LISNF2NXYIyOSé oa

AT: Assessment Type

CSIRO: Commonwealth &tific and Industrial Research Organisation

CSIREEC: Commonwealth Scientific and Industrial Research Organi§atience Education Centre
ddH0: Distilled and D#nized Water

DNA Profile: The pattern of bands created after performing biological tqaba to isolate and
cut DNA. A DNA profile is unique for eaatlividual, providing a means of identification

9@t tdzad GA2yY aF YSktya 2F 3IFGKSNAYy3I I Y2NB GOGNRIR I
LINEINI Y&a FYyR SEKAGAGA®E 208,0bADYSYRNAO|I T had22R: 3

FF: Forensic Frenzy

Forensic Fnezy: a CSIRO science educatisagpam in which students learn about forensic
science though investigation of evidence

C2NXYIf 9RdzOF GA2YyY GKASNI NOKAOIff @& adiNiaddi dz2ZNERX OKN.
from primary school through the university and including, in addition to general academic

studies, a variety of specialised programmes and institutions fortifo technical and
LINEFS&daAz2ylf GNFYAYAYIE O{YAUKI HAanAmOD

LYT2NXIf 9 RdzO lifélohg pfocessimihdte®y etreNtizidigidudl acquires attitudes,
values, skills, and knowledge from daily experiences and the educative influences and resources
AY KAad 2NJ KSNJI SY@ANRBYYSyYy(ié¢ 6{YAGKI HnnAamU

IQP: Interactive Qualifying Project
Legally blindA persam havingless than 6/60 vision or the field of vision is less than 20 degrees.

Mainstream School: A school, whether governmental or independent, which does not cater to a specific
type of student.

MSDS: Material Safety Data Sheet
bSéY 'y | 00Maiger GA2Yy F2N A

Non¥ 2 NXY | 9RdzOF GA2YY alyeé 2NHIYAASR SRdOFGA2YI f |
system- whether operating separately or as an important feature of some broader actithigt
is intended to serve identifiable learning clientelesadd N}y Ay 3 202S0GAGSaé¢ oO0{ YAUIKXZ

hft RY 'y | oO0ON@NGEA I GAZ2Y F2NJ a
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Polar Question: A type of question thatresult@iy f @ | &d&Saé¢ 2NJ ay2é | yasSN

Rating Scale: Auestion that seeksa response that must fall within a continuous range of
numbers

SAM: Studnt Accessibility Matrix
TP: Tyre Positive

TT: Tyre Track

TTN: Tyre Track Negative

Tyre Track activity: a station that is part of the Forensic Frenzy program in which students
compare tyre tracks found at éhcrime scene to suspects tyres

Tyre Track Negiae: the image or mould that repsents the track the tyre makes when rolled through a
malleable material

Tyre Positive: the image or mould that represents the tyre itself

Universal Designd F N> YS62N)] F2NJ RSAAIYyAy 3T SRdzRarners poyait Sy JdA
knowledge, skills, and enthusiasm for learning. This is accomplished by simultaneously reducing barriers

G2 GKS OdzNNA Odzf dzY YR LINPGARAY3IA NAOK adzZLJLI2NIL A& F2N
Force 2008)

Vision impaiment: a limitation of one or more functions of the eye (RIDBC, 2008)

WPI: Worcester Polytechnic Institute

Statistics Nomenclature

2-PropZ-Test: Determines if the difference between two proportions is significant

2-SampT-Test: Determines if the meansofn two separate samples from a population are each
significantly different from the population mean

Alternative Hypothesis: A hypothesis that opposes the null hypothesis. It is accepted if the P Value is
found tobe below the significance level

ArithmeticMean: An average of the quantitative values collected from the sample

.AYENE wSalkRyaSay ! NBalLkRyaS GKFG NBadzZ Ga éAy 2yS
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Central Tendency: A measurement that refers to thelate, average, or expected value of an entire
data set.
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Confidence: In terms of this report, the project team can state a fact in confidence if a P Value is found
to be less than 0.05 or a 95% confidence interval is performed. Stating a fact with coaefideans that

the project team is at least 95% confident that the fact is true based on collected statistically significant
data.

Confidence Interval: Is used to judge the accuracy with which a value has been calculated. Yield a
deviation from the sample nan that the population mean is expected to fall within.

Continuous Rating Scale: A set of continuous values of a particular range. In most cases in this report,
integers ranging from 1 through 5

Correlated: A strong relationship that is found between tvaniables or sets of data
Descriptive Statistics Testing: Describes the features of collected data from a sample as a unit
Hypothesis Testing: The process of making statistical decisions or conclusions using sets of data.

Independent: Meaning that the prolity of two or more events occurring is unaffected by the
outcome of another event

Null Hypothesis: A hypothesis that opposes the alternative hypothesis. It is assumed to be true unless
the P Value is found to be below the significance level, in whieh it#s rejected.

Onesided testing: A term that describes how to calculate the P Value in a hypothesis test when the null
hypothesis is that the man of one population is assumed to either be greater or less than the mean of
another population

OpenEnded Question: A form of a question to which the responder is not presented with pre
determined responses to select from. The responder is allowed to answer the question using any
interpretation and they chose.

P Value: The probability of obtaining a resultttisaat least as far away from the expected value as the
one that was observed assuming that the null hypothesis is true

Percent Difference: A means to determine how different two measures are from each other

Percentage: Mathematically a fraction of thengale the project team is interested in over the total
sample

Pooled Data: A term that is used if the variance or standard deviation of one sample of the population is
assumed to be equal to the variance of standard deviation of the population as a whole

Paopulation: The population from which the project team is sampling data. In most cases the population
can be assumed to be the students of Australia or the students of Victoria.

Refute: Rejecting a hypothesis or a statement based on statistically signdatant
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Sample: A randomly selected group of people taken from the population
{FYLXS t2L3zGA2yY | &a@dyz2yey FT2N aal YLX S¢

Sampling Size: The number of people, trials, or other distinct units in the sample taken from the
population

Significance Level: The lewditich the P Value must fall below to reject the null hypothesis

Standard Deviation: A measure of variability of a set of data collected from a sample. Numerically equal
to the square root of the sum of the variances of each datum from the arithmetic mean.

Statistical Inference Testing: Uses statistics to make assumptions and estimations about the total
population from analysing sample data

Statistical Variability: The spread of a particular data set. Usually this measurement takes the form of
including thesum of the distances of each data point from the mean.

Statistically Significant: A statement, hypothesis or fact can be stated with confidence if the data is
statistically significant. In terms of this project, a statistically significant result isedatihhe P Value
falls below the significance level of 0.05.

Twosided testing: A term that describes how to calculate the P Value in a hypothesis test when the null
hypothesis is that the mean of one population is assumed to be unequal to the mean thfeano
population

Variances: A measure of statistical distribution or spread which averages the squared distance every
data point is from the mean
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Executive Summary

The Commonwealth Scientific and Industrial Research Organisation (CSIRO) is the Nzgonal S
Agency within Australia. CSIRO conducts a variety of scientific experiments and research with the goal of
benefiting Australian industry and society. Within CSIRO is its Science Education CentréSEC3IRO
whose focus is to educate students abogtenice through a variety of exciting, harols educational
programs. CSIRSEC hopes to inspire these students to become more involved with science in their
futures.

Modelling after previou€SIRO IQBRojects, CSIRSEC desires to implement Universal ifesnto their

educational programs so that all students have equal opportunities to gain knowledge and
understanding about science. The process of implementing Universal Design entaivéhepment of

a program soa student who has any type of disatyilior impairment will have the same learning
opportunities as a student without any disability or impairment. It is also important that the
modificationsto 1t KS LIN23INI Y R2 y20 AYGSNFSNBE 6A0GK (GKS RSt
students undersand science and introduce students to the world of science. The project team was

asked tomateriali® the principles of Universal Design by adapting one of the CSIRO programs for
students specifically thoswiith visual impairments.

An existing CSIRO pragr that would benefit from implementing Universal Design principles is titled
Forensic Frenzy. Within this program are a variety of activities for students to learn the fundamentals of
forensic science by participating in a mock crime scene. The spetifittyathat the project team

modified was the Tyre Track activitlyigurel). This activity requires the students to look at a picture

taken of a tyre track that had been found at the scene of the crifpicture has been taken ofthe

tyres from eachof the fourd dza LJS @. Tt Studéritshdust match the tyre track to the corresponding

G8NB (2 RSIOSN¥YAYS H6KAOK &adzallSoiQa OFNJ ¢gFla i GK
disabilities or impairments, theask is straightforward. However, if the student has a visual impairment,

the task becomes more difficult and may even be impossible to complete.

Figurel: Original Tyre Track Activity

xv| Page



The project team began by conducting backgrd research on a variety of subjects. It was important to
understand the different types of education, types of visual impairments, and methods of assessment.
The project team came to the decision that the most effective means of adapting this activity to
accommodate students with visual impairments would be to explore methods of moulding tyres and
tyre tracks.With this designthe Modified activity would accommodate both the senses of sight and
touch. Plaster of Paris, play dough, hardening clay-wardening clay, and silicone rubber were all
investigated as options for creating moulds.

The most tangible deliverable of this project was the Modified Tyre Track actkigyré 2). This
consisted of four Tyre PésihA @S  Y2dzZ Ra 2F G(GKS adzallS0iaqQ GeNBa
imprint found at the scene of the crime. All moulds were made of silicone rubber because of its
durability and quality.

Figure2: Modified Tyre Track Avity

In order to gain insight about the usefulness and effectiveness of the ModiiedTFack activity, ivas
brought to both mainstream schools and a school for the visually impairetie state of Victoria,
Australia The project team wanted to enee that students with visual impairments would gain a better
understanding of the program and excitement for science, while ensuring that the purpose of the
activity would not be lost to students with normal vision.

Over 170students were assessed as thpyogressed through the program. Within the mainstream
schools, three formal assessments were conducted: aPPogram Survey, an Observational Checklist,
and a PosProgram Survey. The PReogram Survey was distributed before the start of the program to
establish a baseline of the knowledge and understanding that the students had about science and
forensics. While the students were participating in the Tyre Track activity, the project team members
observed student behaviours which provided informationameting the effectiveness of the activity. The
PostProgram Survey was distributed to the students upon finishing the Forensic Frenzy program, but
prior to discussing the evidence from the crime. The students were assessed on their understanding of
the progam and their opinions regarding the Tyre Track activity.
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The project team compiled the data from the assessments and found the following statistically
significant results:

 Thereisanf ONB I &S A y peickivied khawtxRy& of sicieree after progsieg through
the Modified Tyre Track activity.

 ThereAd |y Ay ONSBI apérceived knovideSge affodeRsE goiedc® after progressing
through the Modified Tyre Track activity.

 ThereAd Iy AYyONBI &rcelvgl kibWl&ige DfitgeRiGrgfts af@r progressing
through either the Modified or Original Tyre Track activity.

1 There is an increase in the proportion of students that used their sense of touch to help them
identify the tyre in the Modified Tyre Track activity as compared to thei@ligiyre Track

activity.
 ¢KS a i peR&wd us€bulness of the Original Tyre Track activity was greater than the
a0dzRSy i Qa LISNOSAQPSR dzaS¥dzZ ySaa 2F GKS az2RATASR

In addition, potential negative side effects of the Modified Tyre Kaativity were investigated and the
following results were found to hold true:

1 There was no difference in the percentage of students able to correctly progress through the
station between the Modified and Original activity.

1 There was no difference in tr@mount of confusion between the Modified and Original activity.
1 There was an equal level of understanding between the Modified and Original activity.

9 \Variables such as gender or presenter did not influence student responses to other questions on
the surveg.

The data collected by the project team in mainstream schools resulted in two broad conclusions:
1. Multi-sensory activities stimulate an increase in excitement, knowledge and understanding.

The major purpose of implementing Universal Design is to makénexgrograms and activities
accessible to all students of all abilities. Introducing nmétisory activities should enable the
program to reach a larger population of students and ideally increase learning by providing
multiple methods of gathering infonation. There was not a significant difference in the
proportion of students that utilized sight to match a tyre to its tyre track between the Original
and Modified activity. However, there is statistically significant evidence suppdhagesult

that alarger proportion of mainstream students utilized the sense of touch to match a tyre to its
tyre track in the Modified activity. In addition to improving the activity for visually impaired
students, the results of this study have also shown that theeesgnificant increase in learning,
understanding, and knowledge in students in mainstream schools when a-senkory

xvii| Page



program replaces a singensory program. Students who have normal vision are benefiting
from an activity modified for students withsron impairments.

2. Simplicity increases effectiveness

The project team modified a single activity, made very simple, -effsttive, and
straightforward modifications, and reintroduced the equipment into school systems producing a
significant effect. Compleand expensive modifications to existing activities are not necessary
to adapt programs to Universal Design principles. Interviews and surveys collected from
students revealed that simple and straightforward activities are the easiest to understand.

The project team visited a school for the visually impaired to present a modified version of Forensic
Frenzy. A version with six stations was presented, four of which were modyidgtle project team
Eleven visually impaired students were split into threeugrs which proceeded through all six stations
with a project team member as a guide.

Two techniques were employed gather information from the students and teachers at the school for

the visually impaired. First, the project team recorded basic obskrzay’ @ 2 F GKS aidzRSy G Q
with each station. Second, following the presentation, the project team engaged in discussion with the
students.Feedback was gathered from the students and teachers from this discu3s$iese findings

were then used todevelop a number of conclusions which contributed to the development of
recommendations.

The students expressed general enjoyment regarding the program and felt that they better understood
forensics. Part of this enjoyment came from having the opportutatyliscover things on their own.
Students with visual impairments do not normally have the opportunity to participate in science
education activities because the majority of geeactivitiednvolve primarily visual methods of learning.

By implementing Uwiersal Design into the Forensic Frenzy program, visually impaired students were
able to actively participate in science.

After analysing the collected data and making conclusions based upon that data, the project team
developed the following recommendatien

Tyre Track Activity

1 Implement the silicone rubber moulds into the Tyre Track activity of Forensic Frenzy
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CSIRESEC Programs

T
1

Provide alternative formats of the worksheets: in large font, in Braille, or as a voice recording

Implement multisensory actities into the programs wherever possible: scent, sight, touch,
auditory

Follow Universal Design principles for any new programs developed

Modify existing programs to comply with Universal Design principles. With more educational
programs complying with Unérsal Design, more students will be able to participate and gain a
positive educational experience.

For activities that cannot be modified, ensure all students are encouraged to participate to the
extent of their individual abilities.

When a student withdisabilities is present, ensure his or her partners have the skills to help
compensate but still allow the student to participate.

Universal Design PrinciplesWhen adapting a program to be accessible to students with particular
disabilities, it is impdant to be aware of the abilities and limitations of all students. To best adapt
programming, the project team recommends that the principles of Universal Design be met.

T
1

Provide material in advance if the student needs it

Determine which activities are santial to learning

Integrate multisensory activities

Simplify instructions while keeping them as descriptive as possible
Encourage group work

Focus on individual strengths

Presentation style and environment

Lighting conditions of the room and where theepenter is standing
Equipment is easily accessible

Maintain organization and consistency

Ensure safety

Allow additional time if needed
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Report Distribution

9 Distribute this report to norfformal educators as proof othe usefulness Universal Design
principles have in nofiormal education and to other CSIRO Science Education Centre managers
to implementacross the CSIREEC curriculum

Future Projects

1 Explore the usefulness of implemented Universal Design principles for students with other
disabilities

1 Investpate and recommend further adaptations based on Universal Design for other-SEIRO
programs

1 Expand Universal Design principles to other-fummal education settings

By implementing Universal Design into the Forensic Frenzy program, the project teaableds ke

the first steps in providingqual learning opportunities to students with disabilities wtslgplyingall
students with multiple avenues to learn. Withe givenrecommendations, CSIREEC will be able to
further model their programs to coofm to the Universal Design standards and will enable more
students of all abilities to partake in the exciting journey science has to offer.
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1 Introduction

Nonformal education is valuable to the overall learning experience of students. Unfortunatelyy
non-formal education techniques are unable to communicate the desired objective to students with
disabilities. Universal Design is a method of adapting these programs to influence all students regardless
of impairments. It reduces barriers presemt educational settings so that all students have equal
opportunities to learn.

The Commonwealth Scientific and Industrial Research Organisation (CSIRO), in Victoria Australia, strives
to educate students about science through a variety of exciting edutatigrograms. CSIRO is working

to implement Universal Design into ¢l educational programs to provide all students wiqual
opportunities to gain knowledge and understanding about science. The process of implementing
Universal Desigentails the develpment of a program wherebg student who has any type of disability

or impairment will have the same learning opportunities as a student without any disability or
impairment. It is also important that the modifications to the program do not interfere withdelivery

2T GKS LINPINIXYQa 20602S0O0GAGBS: (G2 AY(OUNRRdIzOS aiddzRSyda

One of the programs that CSIRO offers to educators is titled Forensic Frenzy. CSIRO reaches out to
students in grades five through ten and teaches them the fundamentals of forgeisitce in hopes that

they will acquire an interest in the subject. Students take on the role of forensic investigators and
examine evidence using scientific techniques to solve a crime. The activities included in the Forensic
Frenzy program are based owidence left behind at the scene of the crime. The activities include
fingerprint analysis, footprint analysis through soil testing, fabric and fibre analysis, and tyre track
identification among others. The activity that tNePI projecteam has been askkto madify is the Tyre

Track identificatioractivity.

The current method for identification of tyres in the Forengirenzy program focuses dine use of
photographs. A photograph of the tyre track left behind at the crime scene is compared to photographs
of the tyres that belong to the cars of the four suspects. To a student without any disability, this task
would seem relatively easy. However, for a student who is visually impaired, the comparison of the
photographs is extremely difficult and may evenibmpossible. It would be beneficial to students with
visual impairments to have a tactile aid for tihgre Trackdentification activity.

In orderto address the problem, thproject team set out to create a mould of the tyre to represent the
inverse printthat the tyre track would exhibit. The teardeveloged Tyre Positive prototypes and Tyre
TrackNegative prototypes whicltulminated in a final design for each. By mgisilicone rubber, the
team wasable to create the inverse print of the tyre in order pooducea tactile aid for the use of all
students. The final design wasmplemented into the Forensic Frenzy program so that students
participating in the program coultb feel the comparisons of the tyre track left at the scene of a crime
tothemouldsoli KS adzaLISOGaQ GeNBao

After implementing the new approach to thEyre Trackdentification activity, the teamassessd the
effectivenessthat the piece of equipment hadn the Forensic Frenzy program and comphlathe
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assessment to th®riginalmethod of yre identification. Studentgither participatal in the Tyre Track

activity as theOriginalmethod or as theModified activity. Tloughout the activity, they werassessed.

The assessment is composed of three parts: theFrogram Survey, the Observatial ecklist, and

the PostProgram Survey. The PRrogram Survey defines the levelkoiowledge that the students had

before going through the program. Bing the activity, the teanobserveli KS a i dzRSy 44 Q Ay G SN
behaviours. After the completionf the activity, the studenparticipated in the PostProgram Survey

that assessd the amount of knowledge and interest gained from the atyi The set of data that was

gathered from the Original activity was compared to the set of data from th&lodified activity.

Addtionally the project team hopetb compare data between mainstream students without disabilities

and those students with visual impairments. In order to accomplish this, the pragaot soughtout

specialized schools for visually impairetidents. The desired outcome dahplementing Universal

Design was that students would gdire same amount of educational learning and stimuli regardless of
disability. Additionally, itprovided enhanced learning by stimulating multiple senses and making
activities & interactive as possible. Because these two outcomes were achieved, thedaahed the
LINAYEFNE adGSLI Ay AYLX SYSydGAy3 | yA@SNBAdditionalg,dhe 3y Ay i
team was able to make recommendations to CSIRO hasea the completion of these goals.
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2 Background

To best understand theCSIRQbjectives, a variety of subjects were analysed by pineject team.
Within the nonformal education settinghere are many typesf students Some have disabilities and
impairments and others do not. Implementing Universal Desigo the educational settingllows all
students to gain the same opportunitiesgardless of impairments

¢t2 0SS FotS (2 AYLI SYSyd ! yA @S NEHhe projestSear esgarchiey (i 2/ { |
an assortment ofmethodsthat are suggested for students with visual impairments in an educational

setting. The project team also needed to research assessmitdt can accommodate all types of

students. The team found that assessments varyelyitbtetween formal and noformal education.

The project teamgoal was to convertn primarily vision based activity, thEyre Trackdentification
activity, to a tactile learning opportunityDifferent moulding techniques were researched to determine
the most effective means of tactile learning.

2.1 Non-formal Education

Nonformal educationpccasionally referred to as informal educatiorthie literature, isan integral part
to learning inmost educational systems. Ndarmal education gives students &ance to learn and
explore at their own pace, following their individual motivations

2.1.1 Definition and Comparison to Formal Education
Todefineand clarify the terrmon-formal education, formal and informal education mdisst be clearly
defined. Acording to Mark K. Smith, formal educatiorthe

GKASNI NOKAOIffeé &GNHzOGdZNBRE OKNRy2ft23A0Ftfe 13
primary school through the university and including, in addition to general academic

studies, a variety a$pecialisedprogrammes and institutions for fullme technical and
LIN2EFS&adaA2ylf GNFYAYAY3IE OHNAMUL O

Formal education is typically what students experience in schools as part of a larger educational system,
public or otherwise. In contrast, informal eduaaii A & & (yKliflong NdzEss whereby every

individual acquires attitudes, values, skills, and knowledge from daily experiences and the educative
AYyFEdzSyOSa FyR NB&az2dz2NOSa Ay KAa 2N KSNJ SY@aANRYyYS
knowledge that one gas through interaction with his or her environment and the other individuals in

it.

In contrast to these types of education is rfummal education, which falls between both of these
extremes. NoFF 2 N | £ SRdzOF GA2Y A& al y eutsideNi legfablEhedforBaR dzO | (i A
system- whether operating separately or as an important feature of some broader activiat is
AYGSYRSR (G2 &aSNBS ARSY(GATFTAIOES tSINYyAy3a Ot ASyi(St
examples of nodormal educaion are field trips, museum or national park visits, and hands on projects
provided by outside vendordNonformal education increases interest and curiosity for learning by
providing students an opportunity to explore things whittey find interesting ad enablesthem to
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learn guided bytheir own motivations.Nonformal education is sometimes referred to as informal
education In this proposalnonformal andinformal educationwill be used as defined above.

2.1.2 Evaluation and Assessment

Assessment ian essential element of both formal and néormal education. Particularly in nefiormal
education the issue of assessing both individual progress and the effectiveness of the program as a
whole is not well established. Assessment of these two aspeckariiedby the following distinction:

G!'aasSaavySyid Aa | GSald 2F AYRAGARdzZ f LISNF2NXYI )
gathering a more broad range of data concerning effectiveness of programs and
SEKAOAGADE 6al OYSYRNBIOT1 =X hadaz2RI g ¢SaisSz wnn

In this sense, most neformal educators are concerned with evaluation rather thasessment of
individual studenprogress. Evaluation is preferred because 4fmmal education is designed to be fun,
low-stress, and selfnotivated. If the students aresked toparticipate inan assessment topthey may
experience anxiety and decreased levels of enjoyment of the actiMacKendrick p 63). For this
reason when evaluating a prograrmar assessingtudents in a nofformal environment care must be

taken 0 use tools that are not stressful to students. The most common types of assessments used in
non-formal settings include guestionnaires, interviews, observation, focus groups, surveys, question and
answersessions, and minute papergldcKendrickp 62). Ofthese the most practical for projects such

as the ones presented by CSIRO are observation, minute papers, and questionnaires.

Observationanade by outside evaluatomare considered to be the best form of assessm&itdents
often will notrecognizethey are being observed by outside parties attterefore, stress to studentss

minimized.Additionally, structured observation using a checklist of cledraviourassociated with the
learning objectives of the project can provide clear datanalyse(Mackendrick p 74).

Minute papers have baerecommendedhs the seconanost effective type ofissessment. It is essential

to first explain to students that the minute paper is not a test (as long as no grade will be given on an
individual basis for the paper)The minute paper gives students an opportunity to show their
enthusiasm for particular parts of the project and point out areas that may be unclear. This is
accomplished bysking two open ended questionsne regarding what the student enjoyed and the
other about things the students struggled with or did not understaiiflacKendrick p 74). These
minute papers would take a significant amount of timeatalyse It may be difficult todraw strong
comparable data fronthe minute papers because they do notopide standardized result$lowever,
minute papersvork well and providelear feedback from the studenss long as there is adequate time

for performance and anadys.

The third recommendation for assessment of Hormal education is a questionnaire u€stionnaires

are least desirable because of the close resemblance to a test. Many students, particularly younger
ones may not understand the difference betweea test and a questionnairavhich may result in
unneeded stress. With this stress the data nmt be accurate;however the data will beeasier to
comparethan other methods.To make it more accuratehé¢ data arecollected using a series of
guestions of various styles, includinguitiple choice and short answékMacKendrickp 74).
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In order to hae standardized data baseline of understanding must be established before the program
is implemented.This baseline gives a comparison to the garstgram data gathered. Tavtypes of pre
program tools are recommended for usecreating this baseline. €Hirst would beto provide students
with pre-program information packets. These packets would be provided by thefaramal educators

to the formal teachers in order to give background information onghbject including any terms that
may be unfamiliato the students(MacKendrickp 69). The main problem with this method, assuming
the formal teacher presents the information to the students, is one of understanding and retention.
Understanding new material may be difficult for students, particularlyséhwith disabilitiesEven ifthe
material is understood, students may forget the new materibkfore the start of the program.
Additionally, this method does not account for students who may already have eglddmowledge of
the subject(MacKendrickp 70).

The second method would b perform background knowledge probes prior to the start of the
LINEINF YI gKAOK LINRPGARSa& Rdeistandird)(Mackekdsick @ G9)dzrhé&sy (i & Q
background kowledge probes could include simple set of ratig scales for eachrea of knowledge

f 8
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his or her knowledge of science from51 1 indicating no knowledge and 5 indicating advanced
knowledge. The backgund probe could also astpen ended questions for which students provide
answers, such as asking the student to explain his or her past experience with forensic Radies.
scales are more likely to be used by a formal teacher as they are quickhete and therefore would
not detract from instruction timgMacKendrickp 70). The background knowledge probes are a good
choice because they give a clear baselinecdmpare posprogram data However,it is important to
considerfilling gaps in backgund knowledge egsitial to the program. Hencehe best preprogram
system would be to provide information packets and subsequepdsform background knowledge
probes (MacKendrick p 70). Coupled withthis type of preprogram system the postprogram
asessment could provide the neformal educators with feedback regarding the effectiveness of the
program Additionally, if the data were to beshared with the formakducators it would providean
opportunity for them to assess the usefulness to the clasaavhole and any gaps knowledgestill to
befilled (MacKendrickp 77).

2.1.3 CSIROScience Education Centre Programs

The Commonwealth Scientific and Industrial Rese@nafanisation(CSIRO) is a governmental scientific
agency in Australia. CSIRO hama¥ 2 NXY I f & 0ASy O0S SRdzOFGA2y OSyi{NB
of science education projects to alert school students, their families and teachers to the contribution of
AOASYOGATAO NBASEFNODK G2 2dz2NJ O2 Y Ydzy Atlj Bas ningé cedtheS y O S
including at least one in each state atetritory (Science for Schools, 2008)he Victorian €ntre,

located just outside Melbourne in Highett, is the foaighis section, as that wake operating base for

the project team. CSIR@ojects are dividednto two broad categories, ontilored toward primary

school students (grades p& and the other toward secondary school studenthich includeyears7-

VCE (Victorian Certificate of Education, obtained by completing years 11 2Jn(C3IROSchool
Programs 2008). Each programiso specifically targets defined age groupke Victorian Centre offers
sixteen primary school programs covering topics such as small animals, robotics, physics, chemistry,
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energy, scientific method, naturalisasters, weatherand astronomy (CSIRO, School Progre2068).
Additionally, fifteen secondary school programs are offered, including topics such as chemistry,
forensics, DNA manipulation, photonics, robotics, energy, laalth CSIROSchool Progras) 2008).
These programs meet certain learning standards that are specific in the online descriptions and often
parallel formal learningbjectives CSIRGSchod Programs2008).

2.2 Visual Impairment

The visually impaired have a disadvantage in the eiiloal setting. Many programs have not been
updated to support Universal Design, so students with any type of impairment will not gain the same
degree of learning and excitement as students without a visual impairment. It is important to
understand the clssifications of vision impairment and the definition of being legally blind in Australia.
It is also crucial to be aware of the barriers that are present to students with vrepairments and
potential strategiego improve their quality of learning.

2.2.1 Definition

Vision impairment is defined as a limitation of one or more functions of the eye (RIDBC, 2008). The most
common impairments affect the sharpness or clarity of vision, normal range of vision, or colour
perception The government of AustraliefinesapblBE 2y & df SAFt 6aRSANBFRE2TFAFA
f2aa SyuadtsSa GKSY (2 aLISOAlLt o0SySTAdadé !y 1 dzaidN
meaning he or she cannot see at six meters what a person with normal visioseeaat 60 meters

(Vision Australia, 20070 LISNBR 2y Qa FASEt R 2F @A aA 2hé orslie isd RdzOS R
considered legally blind.
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is equivalent to more than 400,000 people (University of New Castle, 2005). Eighty percent of these
impairments are found to be caused by one of five main eye conditions: catagh&ticoma,under

corrected refractive error, diabetic retinopathynd agerelated macular degeneration (CERA, 2008).

With the exception of macular degeneration, all these conditions can be evident in children. Some of

them are congenital while others may dewel later in childhood. Fortunatelyhe majority of vision loss

is carectable. According to th€entrefor Education and Research on Ageing (CERA) at least 50% of

vision loss is correctable and 25% is preventable (CERA, 2008). This correction is accomplished through
various treatments and the use of visual aids such asgtaor contact lenses.

While there are many opportunitier correction, a number of children still remain visually impaired to

the extent that special adaptations are needed for them to learn properly. One study found that only
three to five percentof printed material is available ian accessible formafor the visually impaired
(Vision Australia, 2007). For students whose visual impairments cannot be corrected, there are a variety
of means that can help them in the classroom, all depending on therigeva their disability.
Repeating important phrases, speaking clearly and audibly, using a microphone, and verbalizing all
points that are written out wll allow the student to use his or hesense of hearing to takén
information. Supplying lecture nes in a variety of formats, including in large print and in Braille,
ensuringthere is proper lighting in the classroom, verbally describing all motions and demonstrations,
and using simple language are also helpful to these students (UniversigwoCatle, 2005).
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2.2.2 Barriers Present for Students

In a nonformal educational setting, the barriers to students with visual impairments are significant. In

/ {LwhQa C2NByaAO CNByil & LINRPINIYS &aiddzRSyilaataNBfe 2y
crime scene. There is a considerable amount of observation that must be done that is inaccessible to
students withvisualimpairments.

The size and font of the text is crucial for students that have low vigiany situation where printed
materialis provided to the studentdf the text is not enlarged properly, the student may not be able to
read instructions or worksheets and would have a disadvantage compared to the students with normal
vision. Additionally, if material is in colour, the contrasay be a barrier to these studenfEherefore,it

is important for any material used in the classroom to be accessible to all students (University of New
Castle, 2005)Due to the fact thatCSIRO uses photographgheir educational programmingtisdents

with visual impairments may be able to distinguish one photograph from another.

It is important for appropriate dialogues to be used in the vicinity of studeiitis visual impairments.

The studentsnaynot have the ability to watch interactions beé&n people or even know if a question

Ad RANBOGSR (2461 NRa (GKSY® 5SAaONRLIG2NAE adzOK | & ddzL.
gestures that a student with a visual impairment will not be able to properly observe (University of New

Castle, 20D).

2.2.3 Adaptations for Students

To make learning more accessible for students with visual impairments, adaptations can be made to
both materials that are used for learning atwithe & (i dZRSy (1 & Q W@ AdAdEng M&eyialsdt

is important toconsider the purpose of the lesson and define what the materiaitendedto teach.

The material should seevthat purpose. When adapting material, it is important to be aware of
GKSOGKSNI GKS aGdzRSyiQa o0Sal f(Hevishdfyhingpairedisdenysfidid A & | d
be able to gain the same amount of information from the adapted material as the sighted students do
from the original material. This learning should be measurable. Examples of modifications and
adaptations in materials incled enlarging text, adding texture, minimizing glare, eliminating
unnecessary detail, shifting from twdimensional to threedimensionalfigures and imagesallotting

extra time, and changing the media from written to oral or tagBtshop, 2004pp 107-108).

Adapting the learning environment can alsoseticularlyhelpful to a student with visual impairments.

The student should be allowed preferential seating for best use of available dsiie allowed
enough time to complete their best work on assigents ¢ K S & { wR Sorkislibald be expected.

The same quality of work should be expected from the student with a visual impairment as a student
with normal vision. Lighting conditions should be monitored to minimize glare and maximize sight
potential. Also, maintainingprganisationis important so the students are familiar and comfortable in
their learning spacéBishop, 2004109.

2.2.4 Universal Design
' YAOGSNBELFE RSaA3IYyT FOO0O2NRAYy3I G2 GKS bl dAdogkfd ! yAGS
designing educational environments that enable all learners to gain knowledge, skills, and enthusiasm
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for learning. This is accomplished by simultaneously reducing barriers to the curriculum ardingrovi

rich supports for learnirgg(2008). Accanmodations are often made for students that have disabilities

or impairments so that assignments and activities are accessible to them. Many of the accommodations
made by educators for students with disabilities are incorporated into the classroom to ealha

level of understanding for all of the students. A variety of techniqgues have been shown to make
educational material more accessible aedsier to understandor all students, whethewor not they

have a disabilitySimone, Vozzol& Worobey, 2007)

TheUniversal Desigprinciples are as follows:

Provide material to students to prepare them in advance

Determine which specific activities are essential to achieve learning goals
Integrate multisensory activities

Smplify instructions

Encourage group work

Focus on the individual strengths of students

Recognis¢he presentation style

Ensure that all equipment is easily accessible to students

Ensure safety when using any gguent

10. Allow students additional time if needed

© o N AW

A detailed description of each principtan be found irAppendix A: Universal Design Principles

Past studies have been completed assessing the extent to which Universain Dessg been
implemented into existingCSIREEEChon-formal education programsSfmone, Vozzola &/orobey,
2007). This report presents the Student Accessibility Matrix, SAM, which illustrates the barriers that
students with disabilities encounter in educata settings. The vision impairment section of this matrix

is given imppendix B Student Accessibility Matrix (SAM)

2.3 CSIRO Programs

CSIRO, the Commonwealth Scientific and Industrial Research Organigatioe, national science
agency of Australia, consisting of over 15 business divisions involved in over 740 research activities. The
mission of CSIRO is to serve the people of Australia by fostering an interest in science and research by
exploring problems andleveloping solutions foindustrial environmental, and consumer markets
(CSIRO2009).

The Science Education Centres division of CBEIRG G G KS o6l aS F2NJ / {Lwh 9RdzOl
around Australia (CSIR0C2009). Therograms thatCSIRESE®ffers strive to bring interactive activities

to schools throughout the country not onfgr the students,but for professional educatoras well. The

three goals of theCSIREECQprogram are to alert students, teachers, and paretdscontributions

society maksto scientific research, to engage students in scientific learning so that they may choose to
pursue a career in research, engineering, or scientific theory, and to elucidate the applications of
scientific practices to students and teachers in +®atld scenarios.
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CSIREBEGN Victoria offers over 30 programs to primary and secondary schools in the Melbourne area
covering a broad range of biological, chemical, and physioblems applied to solutions used in
industry and nature@SIROSchooPrograms 2009)

The Forensic Frengzyogram an interactive forensic analysis activity offered ®IRESECQo grade
levels 510, is a primary example of an interactive rformal education program that may be better
adapted to coincide with Universal Desigrinciples The objective of thiprojectis to betteradjustthe
Forensic Frenzgrogramto reach a broader range of students, regardless of whether or not they have
visual, audory or other disabilities or impairments. The goal is to use this adapted Foreresieyr
program to collect data to determine if adapting nformal education techniques to Universal Design
positively influences education using the assessment tools such as SAM.

2.3.1 Forensic Studies

This project addresses the implementation dfniversalDesigninto science education program#n
established nofformal education program must be selected to test and compare improvements that
could be made to the program in order to determine the effectiveness of modificatiofevour of
Universal Design

CSIRO Science Educatidantre of Australia provides a plethora of ndarmal science education
programs to age groups ranging from primary education to secondary education. Forensic studies, by
their nature as an observational science, require acute ol¢he senses This givesstudents the
opportunity to analysephysical evidencandexamire events that have transpired to gather information
present at the scene of a crime. The Forensic Frenzy program offered by CSIRO allows students to
analysethe detals of a mock crime scerand, by using various observational skills, gather information

to determine the series of events involved in the crime and the role of the characters involved (Forensic
Frenzy Teacher Booklet, 2006
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The Forensic Frenzyogram & divided into a multitude of stations where the students gather the
evidence for the crime. The stations are as follows:

Fabric on the Fence
Fibres on the Body
Ballisticsg Type of Firearm
Ballistics; Griess Test
Envelope Ink Chromatography
Dental Xrays
Facial Identification
Facial Reconstruction
Fingerprints
. Oil Stains
. Blood Identification and DNA Profiling
At ! L5¢ {dFYLI LYLINBaaArAzZzya
. Soil Testing
. Tyre Tracks

© O NN

e N
A WNPREFRO

The instructions sheets for each activity can be viewedpipendix C: Forensic Frenzy

Many of the observational techniques used in the Forensic Frenzy programrreliswal methods.
Therefore, they may be significantlymproved in accordance with agéang aUniversal Desigmethod

so that the activities are not lost tthose students with visual impairments. One aspect of the mock
study is to use visual observation to identify patterns of tyre tracks that have been left at the scene of
GKS ONARYS IyR O2YLINB (GKSY (2 (KS 2N 3ddayandthei & NS
tyre tracks at the crime scene.

Thepurpose of this activitynay be inaccessibli® those studentswho have visual disabilities. They are
unable to visually compare the tyteack tothe respectivetyre. Forensic related investigations reggir
acute observation using all senses. The Forensic Fprogyamsuppors the three goals of th€SIRO
SEGIepartment; manly to reach out to students abouhe importance of science and its applications.
Adapting Universal Design to forensic studiesrigial for students with visual disabilities so that this
goal is achievedCSIRESEGNrould be better equipped to spark interest in science and engineering to
those with sensory impairments if their programs were adaptetdtiversal Design

2.3.2 Tyre Forensics

Common practices in modern forensics include the casting of tyre tracks at crime scenes to prepare data
that is utilized in a court of law (Bodziak, 2008). Tracks left by tyres are the indentations in road
materials, marks on pavement, or other déitag remnants that a tyréeaves while moving backward or
forward when a load is applied. Track evidence involves the collection of those tyre track indentations
and includes but is not limited t9 measurements such as the track width, tread width, patte
wheelbase, turning diameter, and rolling circumference (Bodziak, 2008).
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Tyre tracks may be left on a number of materslsh asoncrete, pavement, snow, dirt, mud, sand or
other driving surfaces. The techniques to analyse tyre tracks depend on maingranental conditions
at the time of driving.

Casting these tracks is common practice in forensics for those tyres leaving indentations in dirt, snow,
sand or other malleable surfacéSommon casting materials include epoxies, resins, rubbers, waxes and
other adhesive materials to mould to the contours of the traClasting tyres or tracks provides a
method for people with visual impairments to practice the activitytyye forensics by converting

visual observation into a tactile feedback mechanism.

2.3.3 Use in Forensic Frenzy

Toimplement Universal Design this nonformal education prograntyre tread and tyre track evidence
must be mademore accessible to students with visual impairmer@iasting moulds of tyres may be
implemented inthis activily of the Forensic Frenzy education program so that studeatecompare the
imprint of a tyre to that of the original using tactile methods of examination.

The method ofUniversal Desigaccomplishes much beyond the scope of making this activity accessible
to students with visual disabilitie®oth fgudents with and without visual impairmentwill be able to
compare the tyre to its inverseince theimprint of tyre tracks yield the negativepattern of the tyre.

This will stimulate the thought processesatfidents to visually and geometrically compare an original
three dimensionalmould to its negativeto identify matches. In addition, this side effect will allow
students with visual disabilities to better understand inverse images, patterns and desigads a
powerful tool in understanding how tyre forensic studies are actually practiced in crime scenes.

Most importantly, this improvement wauld allow students with visual impairments to participate in a
non-formal education program that would otherwisbe inaccessibleto them in purpose and
understanding.

2.3.4 Castings and Moulds

Several commercial produgtare availabléo properly mould rubber tyres, capturing all the contours

and details necessary for forensic analysis. Gfeatdz¥ ¥ u Y | igisdzfirig 0amdtaihardens and

may be used in addition to a silicone spray to yield an accurate physical mould of tyres. Plaster of Paris is
another commercially available product that may be used to create a hard but brittle mould of tyres for
use in obseration. Epoxy resins aravailablewhich harden to fit the shape of a mould and remain
strong and durableClay is a commonly available product that is frequently used to create moulds in arts
and crafts. Lastly, silicone rubber is a viable option forlflexnoulding purposes.

Plaster of Paris is a commercially available powder that hardens similar to cement but remains slightly
malleable after drying. It is comprised primarily of calcium sulphate hemihydrate {C&$0) and is
created by heating gypsuno temperatures above 18C with water. This mixture releases heat, has a
consistency of paste, and hardens after minutes of setting. Plaster of Paris creates accurate moulds, is
inexpensive, and relativelgimple to use It has a quick cure time and posas health concerns
according to publiclyavailable Material Safety Data She@1SDS)reports (www.sciencestuff.com,

2006) Plaster of Paris is slightly brittle, which is to be expected from such a moulding substance.
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Clay is a common substance used for gnalifferent moulding applications. Two types of clay are

typically used, one thatardens with air exposureand another tharemains malleableSpecifically the

air hardening clay will hardenithin 24 hours without any additions or adaptations. This nsakejuick

to use and allows for a permanent mould structure. According to Dixon Ticonderoga Company, a leading
manufacturer of air hardening clay, the product is safe fa g children (Falke, Partners, 2007). The

company also mentions the material is SEA6f S 06SF2NB KINRSyAy3aZ o6KAOK
NBY2@Ay3 Al T NPRartnery, 200R 3This convedileritfdr Sreating a mould of a tyre.

However the clay, once hardened, is brittle and susceptible to breaking.

The nonhardening clay rmmoulding properties similar to the hardening clay, with the main difference
being that the clay stays soft and malleable. This makes théhaaening clay less likely to be used as a
final mould; howeverit is possible taise in conjunction with other aterials. Norhardening clay is safe
for use by children, according to Jottie manufacturerof Plastilina, a vegetable based néwardening
clay (Jovi Corp., 2009).

Silicone rubber is a polymer that may be injected into a mould or poured over a surfacedi® a
highly durable, flexible and strong product. The mould resulting from silicone rubber polymerization is
resistant to high temperatures and has high tear strendtis resistant to reacting with many different
chemicals, prolonging its longevitwww.azom.com, 2009)

The chemical qualities of silicone rubber are derived from its molecular structure, mainly a backbone of
siliconoxygen linkages. The bond lengths and angles between silicon and oxygen atoms in this molecule
are large and therefore llww the product to be flexible on a macromolecular scale. In contrast,
backbones consisting of carbon have much shorter bond lengths and angles which yield a more rigid
material (Zumdahl, 2007). These qualities of silicone rubber moulding products akmdsnto be

highly durable over time and also produce a substance which resembles the tactile qualities of tyre
rubber for more accurate comparison.

Silicone rubber is commercially available from retail sto&di Solutions2009).It is typically soldin
O2YO0AYylLFiA2Y 6AGK | aOlFGrfeade oKAOK ALISSRaA dzZll GKS
by Solid Solutions, is representative of a typical product that can be purchased, and has a working time

of 40 minutes Over three to four hourghe rubber willdemould which means that the shape can no

longer be altered. Solid Mould 500 will be completely set within one todeys §olid Solutions, 2009

These processing times are long enough for an accurate mould to be created and short enough for
moulds to be produced in high quantity in a timely fashion. Material properties can be found in the
technical data sheets which are publically availal8elil Solutions, 200%and the MSDS of these

products show low health risk to adults and child@rcethe product has cured

These options are all viable methods of moulding and will be further explored by the project team, in
collaboration with CSIRO, to create the most realistic product.
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3 Methodology

The broad purpose for working with CSIRO was tgpadanformal educational programs towards
Universal Design standards. The majority of siamal education programs do not meet Universal
Design standards in their individual activities, causing students with visual, hearing, or sensory
disabilities to tke away less from the overall experience.

To better accomplish this goal within a specific program, two objectives were set for the scope of this
project.

A piece of equipment needed to be improved upon or built to adapt afoomal education program
foraddzRSyiGa 6A0GK @AadzZt AYLIANNYSyiGad C2N-fdnaS LidzNLJI:
education programs, the Forensic Frenzy program was selected to adapt the activities to assist students

with visual impairments in understanding the purposelod tlemonstrations.

To determine if the changes to the piece of equipment had an effect on the level of understanding to all
students involved, a method of data collection and analysis was implemented. Therefore, the second
objective was to assess the effeeness that the piece of equipment had on the understanding of the
students progressing through Forensic Frenzy program.

Extensive research on the topics of Universal Design, assessment techniques, students with disabilities,
and forensics was completaahd allowed three specific methods to be formulated. A tyre track mould

was created and tested as a piece of equipment designed using Universal Design standards. This mould
allowed the students to actively participate in the activity using multiple senSpecific types of
assessment technigues were chosen to gather data: éPRvgram Survey, Observational Checklist, and
PostProgram Survey were selected to collect data from students byimoasive means. Six activities

were adapted by the project tearto be more accessible to students with visual impairments. This
Modified Forensic Frenzy program was presented to a school for the blind and data was collected.
Statistical tests were used to analyse, compare, and make conclusions from the data.

Using thee methods, this project offedthree deliverables. A piece of Universal Design equipmest
created, implemented and used within the Forensic Frenzy program. A quantitative assessasent
provided of allthe data collected includingtatistical correlathtns found within bins of data. Finally,
recommendationsvere provided on how to adapt CSIRO and other 4immmal education programs to
comply with Universal Desighhe overall breakdown of the project can be seeRgure 3.
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Hgure 3: Flow chart describing breakdown of purpose of project

In short, a course of actiowastaken to design a means of moulding tyres for the Forensic Frenzy
program, test theModified Forensic Frenzy program in local schoalsstudents of all abilities, and
observe and assess thdodified program comparing the existing curriculum to the new approach.
Recommendations and guidelines were provided for-fmmal educational programs.

Design a means of moulding tyres for the Forensic
Frenzy Program

Test the modified Forensic Frenzy Program in local

schools to all students

bserve and assess the modified program comparing
the existing curriculum to the new approach

formal educational programs

' Provide recommendations and guidelines for non

Figure4: ProjectDesign
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3.1 Universal Design Equipment

In modifying a nofformal education program to better adapt toniversal Design standards, tigre
Tracls activity of the Forensic Frenzy program was selected amtiiel case study. Astated in Section
2.2.4 students who have visual impairmentsay not benefit from this activity.

3.1.1 Mould Versions

The use of moulding materials to conform to a rubber tyre and cure to hardness was found to be the
most effective method to recreate a realistiepresentation of ayre track. After extensive research, a
testing phase ensued which resulted in six consecutive versions of a Tyre Track Negativer{TTN)
overview of which is found iRigure5, and five consecutive versions olTgre Positive (TPan overview
which is found irFigure9. These are thedeliverable pieces of equipment for use in the Forensic Frenzy
program.

Tyre Track Negative Versions

Insulation Foam

Plaster of Paris in Cardboard Box

Plaster of Paris in Wood Case

TTN Version 0.4

Plaster of Paris in Metal Case with Divider

TTN Version 0.5

Hardening Clay

TTN Version 1.0

Silicon Rubber(made using Version 0.4)

Figure5: TTN (Tyre Track Negative) Versions

15| Page



