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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 impaired students. The team gathered survey and 

observational data, evaluated activity effectiveness, and delivered recommendations and guidelines. 

Statistical analysis demonstrated that non-formal education programs modified to contain multi-sensory 

components increase student knowledge and understanding. 
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Nomenclature  
!ǎǎŜǎǎƳŜƴǘΥ άŀ ǘŜǎǘ ƻŦ ƛƴŘƛǾƛŘǳŀƭ ǇŜǊŦƻǊƳŀƴŎŜέ όaŀŎYŜƴŘǊƛŎƪΣ hǎƎƻƻŘΣ ϧ ¢ŜǎƪŜΣ нллуΣ Ǉ спύ 

AT: Assessment Type 

CSIRO: Commonwealth Scientific and Industrial Research Organisation 

CSIRO-SEC: Commonwealth Scientific and Industrial Research Organisation- Science Education Centre 

ddH2O: Distilled and De-ionized Water 

DNA Profile: The pattern of bands created after performing biological techniques to isolate and 

cut DNA. A DNA profile is unique for each individual, providing a means of identification 

9ǾŀƭǳŀǘƛƻƴΥ άŀ ƳŜŀƴǎ ƻŦ ƎŀǘƘŜǊƛƴƎ ŀ ƳƻǊŜ ōǊƻŀŘ ǊŀƴƎŜ ƻŦ Řŀǘŀ ŎƻƴŎŜǊƴƛƴƎ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ƻŦ 

ǇǊƻƎǊŀƳǎ ŀƴŘ ŜȄƘƛōƛǘǎΦέ  όaŀŎYŜƴŘǊƛŎƪΣ hǎƎƻƻŘΣ ϧ ¢ŜǎƪŜΣ 2008, p 64) 

FF: Forensic Frenzy 

Forensic Frenzy: a CSIRO science education program in which students learn about forensic 

science through investigation of evidence 

CƻǊƳŀƭ 9ŘǳŎŀǘƛƻƴΥ άƘƛŜǊŀǊŎƘƛŎŀƭƭȅ ǎǘǊǳŎǘǳǊŜŘΣ ŎƘǊƻƴƻƭƻƎƛŎŀƭƭȅ ƎǊŀŘŜŘ ΨŜŘǳŎŀǘƛƻƴ ǎȅǎǘŜƳΩΣ Ǌǳƴning 

from primary school through the university and including, in addition to general academic 

studies, a variety of specialised programmes and institutions for full-time technical and 

ǇǊƻŦŜǎǎƛƻƴŀƭ ǘǊŀƛƴƛƴƎέ ό{ƳƛǘƘΣ нллмύΦ  

LƴŦƻǊƳŀƭ 9ŘǳŎŀǘƛƻƴΥ άǘƘŜ ǘǊǳƭȅ ƭifelong process whereby every individual acquires attitudes, 

values, skills, and knowledge from daily experiences and the educative influences and resources 

ƛƴ Ƙƛǎ ƻǊ ƘŜǊ ŜƴǾƛǊƻƴƳŜƴǘέ ό{ƳƛǘƘΣ нллмύ 

IQP: Interactive Qualifying Project 

Legally blind: A person having less 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 

bŜǿΥ !ƴ ŀōōǊŜǾƛŀǘƛƻƴ ŦƻǊ άModifiedέ 

Non-ŦƻǊƳŀƭ 9ŘǳŎŀǘƛƻƴΥ άŀƴȅ ƻǊƎŀƴƛǎŜŘ ŜŘǳŎŀǘƛƻƴŀƭ ŀŎǘƛǾƛǘȅ ƻǳǘǎƛŘŜ ǘƘŜ ŜǎǘŀōƭƛǎƘŜŘ ŦƻǊƳŀƭ 

system - whether operating separately or as an important feature of some broader activity - that 

is intended to serve identifiable learning clienteles and leŀǊƴƛƴƎ ƻōƧŜŎǘƛǾŜǎέ ό{ƳƛǘƘΣ нллмύ 

hƭŘΥ !ƴ ŀōōǊŜǾƛŀǘƛƻƴ ŦƻǊ άOriginalέ 
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Polar Question: A type of question that results in ƻƴƭȅ ŀ άȅŜǎέ ƻǊ άƴƻέ ŀƴǎǿŜǊ 

Rating Scale: A question that seeks a response that must fall within a continuous range of 

numbers 

SAM: Student 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 the crime scene to suspects tyres 

Tyre Track Negative: the image or mould that represents the track the tyre makes when rolled through a 

malleable material 

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

Universal Design: άŦǊŀƳŜǿƻǊƪ ŦƻǊ ŘŜǎƛƎƴƛƴƎ ŜŘǳŎŀǘƛƻƴŀƭ ŜƴǾƛǊƻƴƳŜƴǘǎ ǘƘŀǘ ŜƴŀōƭŜ ŀƭƭ learners to gain 

knowledge, skills, and enthusiasm for learning. This is accomplished by simultaneously reducing barriers 

ǘƻ ǘƘŜ ŎǳǊǊƛŎǳƭǳƳ ŀƴŘ ǇǊƻǾƛŘƛƴƎ ǊƛŎƘ ǎǳǇǇƻǊǘǎ ŦƻǊ ƭŜŀǊƴƛƴƎέ όbŀǘƛƻƴŀƭ ¦ƴƛǾŜǊǎŀƭ 5ŜǎƛƎƴ ŦƻǊ [ŜŀǊƴƛƴƎ ¢ŀǎƪ 

Force, 2008)    

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

WPI: Worcester Polytechnic Institute 

Statistics Nomenclature  
 
2-Prop-Z-Test: Determines if the difference between two proportions is significant 

2-Samp-T-Test: Determines if the means from 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 to be below the significance level 

Arithmetic Mean: An average of the quantitative values collected from the sample 

.ƛƴŀǊȅ wŜǎǇƻƴǎŜǎΥ ! ǊŜǎǇƻƴǎŜ ǘƘŀǘ ǊŜǎǳƭǘǎ ƛƴ ƻƴŜ ƻŦ ǘǿƻ ǇǊŜŘŜŦƛƴŜŘ ǊŜǎǇƻƴǎŜǎΦ 9ȄŀƳǇƭŜǎ ƛƴŎƭǳŘŜ άȅŜǎέ 

ƻǊ άƴƻέ ŀƴŘ άaŀƭŜέ ƻǊ άCŜƳŀƭŜΦέ 

Central Tendency: A measurement that refers to the middle, 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 confidence means 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 mean 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 two variables 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 probability 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 which case it is rejected. 

One-sided 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 

Open-Ended 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 result that is at 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 the sample 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 

Population: 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 significant data 
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Sample: A randomly selected group of people taken from the population 

{ŀƳǇƭŜ tƻǇǳƭŀǘƛƻƴΥ ŀ ǎȅƴƻƴȅƳ ŦƻǊ άǎŀƳǇƭŜέ 

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

population 

Significance Level: The level which 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 the sum 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 is reached if the P Value 

falls below the significance level of 0.05. 

Two-sided 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 of another 

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 National Science 

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 Centre (CSIRO-SEC) 

whose focus is to educate students about science through a variety of exciting, hands-on educational 

programs. CSIRO-SEC hopes to inspire these students to become more involved with science in their 

futures.  

Modelling after previous CSIRO IQP projects, CSIRO-SEC desires to implement Universal Design into their 

educational programs so that all students have equal opportunities to gain knowledge and 

understanding about science. The process of implementing Universal Design entails the development of 

a program so a 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 ǘƘŜ ǇǊƻƎǊŀƳ Řƻ ƴƻǘ ƛƴǘŜǊŦŜǊŜ ǿƛǘƘ ǘƘŜ ŘŜƭƛǾŜǊȅ ƻŦ ǘƘŜ ǇǊƻƎǊŀƳΩǎ ƻōƧŜŎǘƛǾŜΣ ǘƻ ƘŜƭǇ 

students understand science and introduce students to the world of science. The project team was 

asked to materialise the principles of Universal Design by adapting one of the CSIRO programs for 

students, specifically those with visual impairments. 

An existing CSIRO program 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 specific activity that the project team 

modified was the Tyre Track activity (Figure 1). This activity requires the students to look at a picture 

taken of a tyre track that had been found at the scene of the crime. A picture has been taken of the 

tyres from each of the four ǎǳǎǇŜŎǘΩǎ ŎŀǊs. The students must match the tyre track to the corresponding 

ǘȅǊŜ ǘƻ ŘŜǘŜǊƳƛƴŜ ǿƘƛŎƘ ǎǳǎǇŜŎǘΩǎ ŎŀǊ ǿŀǎ ŀǘ ǘƘŜ ǎŎŜƴŜ ƻŦ ǘƘŜ ŎǊƛƳŜΦ CƻǊ ŀ ǎǘǳŘŜƴǘ ǿƛǘƘƻǳǘ ŀƴȅ 

disabilities or impairments, the task is straightforward. However, if the student has a visual impairment, 

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

 

Figure 1: Original Tyre Track Activity 
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The project team began by conducting background 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 design, the Modified activity would accommodate both the senses of sight and 

touch. Plaster of Paris, play dough, hardening clay, non-hardening clay, and silicone rubber were all 

investigated as options for creating moulds. 

The most tangible deliverable of this project was the Modified Tyre Track activity (Figure 2). This 

consisted of four Tyre PosiǘƛǾŜ ƳƻǳƭŘǎ ƻŦ ǘƘŜ ǎǳǎǇŜŎǘǎΩ ǘȅǊŜǎ ŀƴŘ ƻƴŜ ¢ȅǊŜ ¢ǊŀŎƪ bŜƎŀǘƛǾŜ ƳƻǳƭŘ ƻŦ ǘƘŜ 

imprint found at the scene of the crime. All moulds were made of silicone rubber because of its 

durability and quality.  

 

Figure 2: Modified Tyre Track Activity  

In order to gain insight about the usefulness and effectiveness of the Modified Tyre Track activity, it was 

brought to both mainstream schools and a school for the visually impaired in the state of Victoria, 

Australia. The project team wanted to ensure 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 170 students were assessed as they progressed through the program. Within the mainstream 

schools, three formal assessments were conducted: a Pre-Program Survey, an Observational Checklist, 

and a Post-Program Survey. The Pre-Program 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 information regarding the effectiveness of the activity. The 

Post-Program 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 program and their opinions regarding the Tyre Track activity.  



xvii | P a g e 
 

The project team compiled the data from the assessments and found the following statistically 

significant results: 

¶ There is an iƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ǎǘǳŘŜƴǘǎΩ perceived knowledge of science after progressing through 

the Modified Tyre Track activity. 

¶ There ƛǎ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ǎǘǳŘŜƴǘǎΩ perceived knowledge of forensic science after progressing 

through the Modified Tyre Track activity. 

¶ There ƛǎ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ǎǘǳŘŜƴǘǎΩ perceived knowledge of tyre forensics after progressing 

through either the Modified or Original Tyre Track activity. 

¶ 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 the Original Tyre Track 

activity. 

¶ ¢ƘŜ ǎǘǳŘŜƴǘǎΩ perceived usefulness of the Original Tyre Track activity was greater than the 

ǎǘǳŘŜƴǘΩǎ ǇŜǊŎŜƛǾŜŘ ǳǎŜŦǳƭƴŜǎǎ ƻŦ ǘƘŜ aƻŘƛŦƛŜŘ ¢ȅǊŜ ¢ǊŀŎƪ ŀŎǘƛǾƛǘȅΦ 

In addition, potential negative side effects of the Modified Tyre Track activity were investigated and the 

following results were found to hold true: 

¶ There was no difference in the percentage of students able to correctly progress through the 

station between the Modified and Original activity. 

¶ There was no difference in the amount of confusion between the Modified and Original activity. 

¶ There was an equal level of understanding between the Modified and Original activity. 

¶ Variables such as gender or presenter did not influence student responses to other questions on 

the surveys. 

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 make existing programs and activities 

accessible to all students of all abilities. Introducing multi-sensory activities should enable the 

program to reach a larger population of students and ideally increase learning by providing 

multiple methods of gathering information. 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 supporting the result 

that a larger 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 there is a significant increase in learning, 

understanding, and knowledge in students in mainstream schools when a multi-sensory 
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program replaces a single-sensory program. Students who have normal vision are benefiting 

from an activity modified for students with vision impairments. 

2. Simplicity increases effectiveness 

The project team modified a single activity, made very simple, cost-effective, and 

straightforward modifications, and reintroduced the equipment into school systems producing a 

significant effect. Complex and 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 modified by the project team. 

Eleven visually impaired students were split into three groups which proceeded through all six stations 

with a project team member as a guide.  

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

the visually impaired. First, the project team recorded basic observatƛƻƴǎ ƻŦ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ƛƴǘŜǊŀŎǘƛƻƴǎ 

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 discussion. These findings 

were then used to develop 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 opportunity to discover things on their own. 

Students with visual impairments do not normally have the opportunity to participate in science 

education activities because the majority of these activities involve primarily visual methods of learning. 

By implementing Universal 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 recommendations: 

Tyre Track Activity 

¶ Implement the silicone rubber moulds into the Tyre Track activity of Forensic Frenzy 
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CSIRO-SEC Programs 

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

¶ Implement multi-sensory activities 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 Universal 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 with disabilities is present, ensure his or her partners have the skills to help 

compensate but still allow the student to participate. 

Universal Design Principles - When adapting a program to be accessible to students with particular 

disabilities, it is important 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.  

¶ Provide material in advance if the student needs it 

¶ Determine which activities are essential to learning 

¶ Integrate multi-sensory 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 the presenter is standing 

¶ Equipment is easily accessible 

¶ Maintain organization and consistency 

¶ Ensure safety 

¶ Allow additional time if needed 
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Report Distribution 

¶ Distribute this report to non-formal educators as proof of the usefulness Universal Design 

principles have in non-formal education and to other CSIRO Science Education Centre managers 

to implement across the CSIRO-SEC curriculum 

Future Projects 

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

disabilities 

¶ Investigate and recommend further adaptations based on Universal Design for other CSIRO-SEC 

programs 

¶ Expand Universal Design principles to other non-formal education settings 

By implementing Universal Design into the Forensic Frenzy program, the project team was able to take 

the first steps in providing equal learning opportunities to students with disabilities while supplying all 

students with multiple avenues to learn. With the given recommendations, CSIRO-SEC will be able to 

further model their programs to conform 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  
Non-formal education is valuable to the overall learning experience of students. Unfortunately, many 

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 present in 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 educational programs. CSIRO is working 

to implement Universal Design into their educational programs to provide all students with equal 

opportunities to gain knowledge and understanding about science. The process of implementing 

Universal Design entails the development of a program whereby a 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 with the delivery 

ƻŦ ǘƘŜ ǇǊƻƎǊŀƳΩǎ ƻōƧŜŎǘƛǾŜΣ ǘƻ ƛƴǘǊƻŘǳŎŜ ǎǘǳŘŜƴǘǎ ǘƻ ǎŎƛŜƴŎŜΦ 

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 forensic science 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 on evidence 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 the WPI project team has been asked to modify is the Tyre 

Track identification activity. 

The current method for identification of tyres in the Forensic Frenzy program focuses on the 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 even be impossible. It would be beneficial to students with 

visual impairments to have a tactile aid for the Tyre Track identification activity. 

In order to address the problem, the project team set out to create a mould of the tyre to represent the 

inverse print that the tyre track would exhibit. The team developed Tyre Positive prototypes and Tyre 

Track Negative prototypes which culminated in a final design for each. By using silicone rubber, the 

team was able to create the inverse print of the tyre in order to produce a tactile aid for the use of all 

students. The final design was implemented into the Forensic Frenzy program so that students 

participating in the program could to feel the comparisons of the tyre track left at the scene of a crime 

to the moulds of ǘƘŜ ǎǳǎǇŜŎǘǎΩ ǘȅǊŜǎΦ  

After implementing the new approach to the Tyre Track identification activity, the team assessed the 

effectiveness that the piece of equipment had on the Forensic Frenzy program and compared the 
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assessment to the Original method of tyre identification.  Students either participated in the Tyre Track 

activity as the Original method or as the Modified activity. Throughout the activity, they were assessed.  

The assessment is composed of three parts: the Pre-Program Survey, the Observational Checklist, and 

the Post-Program Survey. The Pre-Program Survey defines the level of knowledge that the students had 

before going through the program. During the activity, the team observed ǘƘŜ ǎǘǳŘŜƴǘǎΩ ƛƴǘŜǊŀŎǘƛƻƴǎ ŀƴŘ 

behaviours. After the completion of the activity, the student participated in the Post-Program Survey 

that assessed the amount of knowledge and interest gained from the activity. The set of data that was 

gathered from the Original activity was compared to the set of data from the Modified activity. 

Additionally the project team hoped to compare data between mainstream students without disabilities 

and those students with visual impairments. In order to accomplish this, the project team sought out 

specialized schools for visually impaired students. The desired outcome of implementing Universal 

Design was that students would gain the same amount of educational learning and stimuli regardless of 

disability. Additionally, it provided enhanced learning by stimulating multiple senses and making 

activities as interactive as possible. Because these two outcomes were achieved, the team reached the 

ǇǊƛƳŀǊȅ ǎǘŜǇ ƛƴ ƛƳǇƭŜƳŜƴǘƛƴƎ ¦ƴƛǾŜǊǎŀƭ 5ŜǎƛƎƴ ƛƴǘƻ /{LwhΩǎ ŜŘǳŎŀǘƛƻƴŀƭ ǇǊƻƎǊŀƳƳƛƴƎΦ Additionally, the 

team was able to make recommendations to CSIRO based upon the completion of these goals. 
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2 Background  
To best understand the CSIRO objectives, a variety of subjects were analysed by the project team.  

Within the non-formal education setting there are many types of students. Some have disabilities and 

impairments and others do not.  Implementing Universal Design into the educational setting allows all 

students to gain the same opportunities regardless of impairments.  

¢ƻ ōŜ ŀōƭŜ ǘƻ ƛƳǇƭŜƳŜƴǘ ¦ƴƛǾŜǊǎŀƭ 5ŜǎƛƎƴ ƛƴǘƻ /{LwhΩǎ ǎŎƛŜƴŎŜ ǇǊƻƎǊŀƳǎΣ the project team researched 

an assortment of methods that are suggested for students with visual impairments in an educational 

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

students. The team found that assessments vary widely between formal and non-formal education.  

The project team goal was to convert a primarily vision based activity, the Tyre Track identification 

activity, to a tactile learning opportunity. Different moulding techniques were researched to determine 

the most effective means of tactile learning.  

2.1 Non-formal Education  
Non-formal education, occasionally referred to as informal education in the literature, is an integral part 

to learning in most educational systems. Non-formal education gives students a chance to learn and 

explore at their own pace, following their individual motivations.  

2.1.1 Definition and Comparison to Formal  Education  

To define and clarify the term non-formal education, formal and informal education must first be clearly 

defined. According to Mark K. Smith, formal education is the  

άƘƛŜǊŀǊŎƘƛŎŀƭƭȅ ǎǘǊǳŎǘǳǊŜŘΣ ŎƘǊƻƴƻƭƻƎƛŎŀƭƭȅ ƎǊŀŘŜŘ ΨŜŘǳŎŀǘƛƻƴ ǎȅǎǘŜƳΩΣ ǊǳƴƴƛƴƎ ŦǊƻƳ 

primary school through the university and including, in addition to general academic 

studies, a variety of specialised programmes and institutions for full-time technical and 

ǇǊƻŦŜǎǎƛƻƴŀƭ ǘǊŀƛƴƛƴƎέ όнллмύΦ  

Formal education is typically what students experience in schools as part of a larger educational system, 

public or otherwise. In contrast, informal education ƛǎ άǘƘŜ ǘǊǳƭy lifelong process whereby every 

individual acquires attitudes, values, skills, and knowledge from daily experiences and the educative 

ƛƴŦƭǳŜƴŎŜǎ ŀƴŘ ǊŜǎƻǳǊŎŜǎ ƛƴ Ƙƛǎ ƻǊ ƘŜǊ ŜƴǾƛǊƻƴƳŜƴǘέ ό{ƳƛǘƘΣ нллмύΦ LƴŦƻǊƳŀƭ ŜŘǳŎŀǘƛƻƴ ƛǎ ǎƛƳǇƭȅ ǘƘŜ 

knowledge that one gains through interaction with his or her environment and the other individuals in 

it.  

In contrast to these types of education is non-formal education, which falls between both of these 

extremes. Non-ŦƻǊƳŀƭ ŜŘǳŎŀǘƛƻƴ ƛǎ άŀƴȅ ƻǊƎŀƴƛǎŜŘ ŜŘǳŎŀǘƛƻƴŀƭ ŀŎǘƛǾƛǘȅ ƻutside the established formal 

system - whether operating separately or as an important feature of some broader activity - that is 

ƛƴǘŜƴŘŜŘ ǘƻ ǎŜǊǾŜ ƛŘŜƴǘƛŦƛŀōƭŜ ƭŜŀǊƴƛƴƎ ŎƭƛŜƴǘŜƭŜǎ ŀƴŘ ƭŜŀǊƴƛƴƎ ƻōƧŜŎǘƛǾŜǎέ ό{ƳƛǘƘΣ нллмύΦ /ƻƳƳƻƴ 

examples of non-formal education are field trips, museum or national park visits, and hands on projects 

provided by outside vendors. Non-formal education increases interest and curiosity for learning by 

providing students an opportunity to explore things which they find interesting and enables them to 
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learn guided by their own motivations. Non-formal education is sometimes referred to as informal 

education. In this proposal, non-formal and informal education will be used as defined above.  

2.1.2 Evaluation and Assessment  

Assessment is an essential element of both formal and non-formal education. Particularly in non-formal 

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 aspects is clarified by the following distinction: 

ά!ǎǎŜǎǎƳŜƴǘ ƛǎ ŀ ǘŜǎǘ ƻŦ ƛƴŘƛǾƛŘǳŀƭ ǇŜǊŦƻǊƳŀƴŎŜΣ ǿƘŜǊŜŀǎ ŜǾŀƭǳŀǘƛƻƴ ƛǎ ŀ ƳŜŀƴǎ ƻŦ 

gathering a more broad range of data concerning effectiveness of programs and 

ŜȄƘƛōƛǘǎΦέ  όaŀŎYŜƴŘǊƛŎƪΣ hǎƎƻƻŘΣ ϧ ¢ŜǎƪŜΣ нллу, p 64). 

In this sense, most non-formal educators are concerned with evaluation rather than assessment of 

individual student progress. Evaluation is preferred because non-formal education is designed to be fun, 

low-stress, and self-motivated. If the students are asked to participate in an assessment tool, they may 

experience anxiety and decreased levels of enjoyment of the activity (MacKendrick, p 63). For this 

reason, when evaluating a program or assessing students in a non-formal environment, care must be 

taken to use tools that are not stressful to students. The most common types of assessments used in 

non-formal settings include questionnaires, interviews, observation, focus groups, surveys, question and 

answer sessions, and minute papers (MacKendrick, p 62). Of these the most practical for projects such 

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

Observations made by outside evaluators are considered to be the best form of assessment. Students 

often will not recognize they are being observed by outside parties and, therefore, stress to students is 

minimized. Additionally, structured observation using a checklist of clear behaviour associated with the 

learning objectives of the project can provide clear data to analyse (MacKendrick, p 74). 

Minute papers have been recommended as the second most effective type of assessment. 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 by asking two open ended questions, one regarding what the student enjoyed and the 

other about things the students struggled with or did not understand  (MacKendrick, p 74). These 

minute papers would take a significant amount of time to analyse. It may be difficult to draw strong 

comparable data from the minute papers because they do not provide standardized results. However, 

minute papers work well and provide clear feedback from the students as long as there is adequate time 

for performance and analysis.  

The third recommendation for assessment of non-formal education is a questionnaire. Questionnaires 

are least desirable because of the close resemblance to a test. Many students, particularly younger 

ones, may not understand the difference between a test and a questionnaire, which may result in 

unneeded stress. With this stress the data may not be accurate; however the data will be easier to 

compare than other methods. To make it more accurate, the data are collected using a series of 

questions of various styles, including multiple choice and short answer (MacKendrick, p 74). 
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In order to have standardized data, a baseline of understanding must be established before the program 

is implemented. This baseline gives a comparison to the post-program data gathered. Two types of pre-

program tools are recommended for use in creating this baseline. The first would be to provide students 

with pre-program information packets. These packets would be provided by the non-formal educators 

to the formal teachers in order to give background information on the subject, including any terms that 

may be unfamiliar to the students (MacKendrick, p 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, particularly those with disabilities. Even if the 

material is understood, students may forget the new material before the start of the program. 

Additionally, this method does not account for students who may already have advanced knowledge of 

the subject (MacKendrick, p 70).  

The second method would be to perform background knowledge probes prior to the start of the 

ǇǊƻƎǊŀƳΣ ǿƘƛŎƘ ǇǊƻǾƛŘŜǎ Řŀǘŀ ƻƴ ǘƘŜ ǎǘǳŘŜƴǘǎΩ ƭŜǾŜƭ ƻŦ ǳƴderstanding (MacKendrick, p 69). These 

background knowledge probes could include a simple set of rating scales for each area of knowledge 

ǘƘŀǘ ŀǎƪǎ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ǇŜǊŎŜƛǾŜŘ ǎƪƛƭƭ ƻǊ ŎƻƳŦƻǊǘ ƭŜǾŜƭ. For example, the student would be asked to rate 

his or her knowledge of science from 1-5, 1 indicating no knowledge and 5 indicating advanced 

knowledge. The background probe could also ask open ended questions for which students provide 

answers, such as asking the student to explain his or her past experience with forensic studies. Rating 

scales are more likely to be used by a formal teacher as they are quick to complete and therefore would 

not detract from instruction time (MacKendrick, p 70). The background knowledge probes are a good 

choice because they give a clear baseline to compare post-program data. However, it is important to 

consider filling gaps in background knowledge essential to the program. Hence, the best pre-program 

system would be to provide information packets and subsequently perform background knowledge 

probes (MacKendrick, p 70). Coupled with this type of pre-program system, the post-program 

assessment could provide the non-formal educators with feedback regarding the effectiveness of the 

program. Additionally, if the data were to be shared with the formal educators, it would provide an 

opportunity for them to assess the usefulness to the class as a whole and any gaps in knowledge still to 

be filled (MacKendrick, p 77). 

2.1.3 CSIRO Science Education Centre Programs 

The Commonwealth Scientific and Industrial Research Organisation (CSIRO) is a governmental scientific 

agency in Australia. CSIRO has a non-ŦƻǊƳŀƭ ǎŎƛŜƴŎŜ ŜŘǳŎŀǘƛƻƴ ŎŜƴǘǊŜ ǇǊƻƎǊŀƳ ǿƘƛŎƘ άƻǇŜǊŀǘŜǎ ŀ ǊŀƴƎŜ 

of science education projects to alert school students, their families and teachers to the contribution of 

ǎŎƛŜƴǘƛŦƛŎ ǊŜǎŜŀǊŎƘ ǘƻ ƻǳǊ ŎƻƳƳǳƴƛǘȅέ ό{ŎƛŜƴŎŜ ŦƻǊ {ŎƘƻƻƭǎΣ нллуύΦ  /{Lwh ŎǳǊǊŜƴtly has nine centres 

including at least one in each state and territory (Science for Schools, 2008). The Victorian Centre, 

located just outside Melbourne in Highett, is the focus of this section, as that was the operating base for 

the project team.  CSIRO projects are divided into two broad categories, one tailored toward primary 

school students (grades pre-6) and the other toward secondary school students, which includes years 7-

VCE (Victorian Certificate of Education, obtained by completing years 11 and 12) (CSIRO, School 

Programs, 2008). Each program also specifically targets defined age groups. The Victorian Centre offers 

sixteen primary school programs covering topics such as small animals, robotics, physics, chemistry, 



6 | P a g e 
 

energy, scientific method, natural disasters, weather, and astronomy (CSIRO, School Programs, 2008). 

Additionally, fifteen secondary school programs are offered, including topics such as chemistry, 

forensics, DNA manipulation, photonics, robotics, energy, and health (CSIRO, School Programs, 2008). 

These programs meet certain learning standards that are specific in the online descriptions and often 

parallel formal learning objectives (CSIRO, School Programs, 2008). 

2.2 Visual Impairment  
The visually impaired have a disadvantage in the educational 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 classifications 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 visual impairments and 

potential strategies to 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 Australia defines a peǊǎƻƴ ŀǎ άƭŜƎŀƭƭȅ ōƭƛƴŘέ ƛŦ Ƙƛǎ ƻǊ ƘŜǊ άŘŜƎǊŜŜ ƻŦ ǎƛƎƘǘ 

ƭƻǎǎ ŜƴǘƛǘƭŜǎ ǘƘŜƳ ǘƻ ǎǇŜŎƛŀƭ ōŜƴŜŦƛǘǎΦέ !ƴ !ǳǎǘǊŀƭƛŀƴ ǇŜǊǎƻƴ ƛǎ ƭŜƎŀƭƭȅ ōƭƛƴŘ ƛŦ ƘŜ ƻǊ ǎƘŜ Ƙŀǎ сκсл ǾƛǎƛƻƴΣ 

meaning he or she cannot see at six meters what a person with normal vision can see at 60 meters 

(Vision Australia, 2007). If ŀ ǇŜǊǎƻƴΩǎ ŦƛŜƭŘ ƻŦ Ǿƛǎƛƻƴ ƛǎ ǊŜŘǳŎŜŘ ǘƻ ƭŜǎǎ ǘƘŀƴ нл ŘŜƎǊŜŜǎΣ he or she is also 

considered legally blind. 

!ǇǇǊƻȄƛƳŀǘŜƭȅ ƻƴŜ ǇŜǊŎŜƴǘ ƻŦ !ǳǎǘǊŀƭƛŀΩǎ ǇƻǇǳƭŀǘƛƻƴ ǎǳŦŦŜǊǎ ŦǊƻƳ ŀ ǎƛƎƴƛŦƛŎŀƴǘ Ǿƛǎǳŀƭ ƛƳǇŀƛǊƳŜƴǘΣ ǿƘƛŎƘ 

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: cataracts, glaucoma, under-

corrected refractive error, diabetic retinopathy, and age-related 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 develop later in childhood. Fortunately, the majority of vision loss 

is correctable. According to the Centre for 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 as glasses or contact lenses. 

While there are many opportunities for 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 percent of printed material is available in an accessible format for 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 the severity of their disability.  

Repeating important phrases, speaking clearly and audibly, using a microphone, and verbalizing all 

points that are written out will allow the student to use his or her sense of hearing to take in 

information. Supplying lecture notes in a variety of formats, including in large print and in Braille, 

ensuring there is proper lighting in the classroom, verbally describing all motions and demonstrations, 

and using simple language are also helpful to these students (University of New Castle, 2005). 
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2.2.2 Barriers Present for Students  

In a non-formal educational setting, the barriers to students with visual impairments are significant.  In 

/{LwhΩǎ CƻǊŜƴǎƛŎ CǊŜƴȊȅ ǇǊƻƎǊŀƳΣ ǎǘǳŘŜƴǘǎ ǊŜƭȅ ƻƴ ǘƘŜƛǊ ŀōƛƭƛǘȅ ǘƻ ǎŜŜ ŜǾƛŘŜƴŎŜ ǘƘŀǘ ƛǎ ƭŜŦǘ ōŜƘƛƴŘ at a 

crime scene. There is a considerable amount of observation that must be done that is inaccessible to 

students with visual impairments.  

The size and font of the text is crucial for students that have low vision in any situation where printed 

material is provided to the students. If 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 contrast may be a barrier to these students. Therefore, 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 that CSIRO uses photographs in their educational programming, students 

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

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

The students may not have the ability to watch interactions between people or even know if a question 

ƛǎ ŘƛǊŜŎǘŜŘ ǘƻǿŀǊŘǎ ǘƘŜƳΦ 5ŜǎŎǊƛǇǘƻǊǎ ǎǳŎƘ ŀǎ άǳǇ ƘŜǊŜέ ƻǊ άƻǾŜǊ ǘƘŜǊŜέ ŀǊŜ ƻŦǘŜƴ ŀŎŎƻƳǇŀƴƛŜŘ ōȅ ƘŀƴŘ 

gestures that a student with a visual impairment will not be able to properly observe (University of New 

Castle, 2005).   

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 and to the ǎǘǳŘŜƴǘǎΩ ŜƴǾƛǊƻƴƳŜƴǘΦ  When adapting materials, it 

is important to consider the purpose of the lesson and define what the material is intended to teach. 

The material should serve that purpose.  When adapting material, it is important to be aware of 

ǿƘŜǘƘŜǊ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ōŜǎǘ ƭŜŀǊƴƛƴƎ ŎƘŀƴƴŜƭ ƛǎ ŀǳŘƛǘƻǊȅ ƻǊ ǘŀŎǘƛƭŜΦ The visually impaired student should 

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 include enlarging text, adding texture, minimizing glare, eliminating 

unnecessary detail, shifting from two-dimensional to three-dimensional figures and images, allotting 

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

Adapting the learning environment can also be particularly helpful to a student with visual impairments.  

The student should be allowed preferential seating for best use of available vision and be allowed 

enough time to complete their best work on assignments. ¢ƘŜ ǎǘǳŘŜƴǘΩǎ best work should 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, maintaining organisation is important so the students are familiar and comfortable in 

their learning space (Bishop, 2004, 109). 

2.2.4 Universal Design  

¦ƴƛǾŜǊǎŀƭ ŘŜǎƛƎƴΣ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ bŀǘƛƻƴŀƭ ¦ƴƛǾŜǊǎŀƭ 5ŜǎƛƎƴ ŦƻǊ [ŜŀǊƴƛƴƎ ¢ŀǎƪ CƻǊŎŜΣ ƛǎ ŀ άŦǊŀƳŜwork for 

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 and providing 

rich supports for learningέ (2008).   Accommodations 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 enhance the 

level of understanding for all of the students.  A variety of techniques have been shown to make 

educational material more accessible and easier to understand for all students, whether or not they 

have a disability (Simone, Vozzola, & Worobey, 2007).  

The Universal Design principles are as follows: 

1.       Provide material to students to prepare them in advance 

2.       Determine which specific activities are essential to achieve learning goals 

3.       Integrate multi-sensory activities 

4.       Simplify instructions 

5.       Encourage group work 

6.       Focus on the individual strengths of students 

7.       Recognise the presentation style 

8.       Ensure that all equipment is easily accessible to students 

9.       Ensure safety when using any equipment 

10.   Allow students additional time if needed 

A detailed description of each principle can be found in Appendix A: Universal Design Principles. 

Past studies have been completed assessing the extent to which Universal Design has been 

implemented into existing CSIRO-SEC non-formal education programs (Simone, Vozzola & Worobey, 

2007). This report presents the Student Accessibility Matrix, SAM, which illustrates the barriers that 

students with disabilities encounter in educational settings. The vision impairment section of this matrix 

is given in Appendix B: Student Accessibility Matrix (SAM). 

2.3 CSIRO Programs 
CSIRO, the Commonwealth Scientific and Industrial Research Organisation, is the 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 and developing solutions for industrial, environmental, and consumer markets 

(CSIRO, 2009). 

The Science Education Centres division of CSIRO ŀǊŜ άǘƘŜ ōŀǎŜ ŦƻǊ /{Lwh 9ŘǳŎŀǘƛƻƴ ƻǳǘǊŜŀŎƘ ǇǊƻƎǊŀƳǎ 

around Australiaέ (CSIRO, 2009). The programs that CSIRO-SEC offers strive to bring interactive activities 

to schools throughout the country not only for the students, but for professional educators as well. The 

three goals of the CSIRO-SEC program are to alert students, teachers, and parents to contributions 

society makes to 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 real-world scenarios. 



9 | P a g e 
 

CSIRO-SEC in Victoria offers over 30 programs to primary and secondary schools in the Melbourne area 

covering a broad range of biological, chemical, and physics problems applied to solutions used in 

industry and nature (CSIRO, School Programs, 2009) 

The Forensic Frenzy program, an interactive forensic analysis activity offered by CSIRO-SEC to grade 

levels 5-10, is a primary example of an interactive non-formal education program that may be better 

adapted to coincide with Universal Design principles. The objective of this project is to better adjust the 

Forensic Frenzy program to reach a broader range of students, regardless of whether or not they have 

visual, auditory or other disabilities or impairments. The goal is to use this adapted Forensic Frenzy 

program to collect data to determine if adapting non-formal 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 of Universal Design into science education programs. An 

established non-formal education program must be selected to test and compare improvements that 

could be made to the program in order to determine the effectiveness of modifications in favour of 

Universal Design. 

CSIRO Science Education Centre of Australia provides a plethora of non-formal science education 

programs to age groups ranging from primary education to secondary education. Forensic studies, by 

their nature as an observational science, require acute use of the senses. This gives students the 

opportunity to analyse physical evidence and examine events that have transpired to gather information 

present at the scene of a crime. The Forensic Frenzy program offered by CSIRO allows students to 

analyse the details of a mock crime scene and, 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 Frenzy program is divided into a multitude of stations where the students gather the 

evidence for the crime. The stations are as follows: 

1. Fabric on the Fence 

2. Fibres on the Body 

3. Ballistics ς Type of Firearm 

4. Ballistics ς Griess Test 

5. Envelope Ink ς Chromatography 

6. Dental X-rays 

7. Facial Identification 

8. Facial Reconstruction 

9. Fingerprints 

10. Oil Stains 

11. Blood Identification and DNA Profiling 

12. άt!L5έ {ǘŀƳǇ LƳǇǊŜǎǎƛƻƴǎ 

13. Soil Testing 

14. Tyre Tracks 

The instructions sheets for each activity can be viewed in Appendix C: Forensic Frenzy . 

Many of the observational techniques used in the Forensic Frenzy program rely on visual methods. 

Therefore, they may be significantly improved in accordance with adapting a Universal Design method 

so that the activities are not lost to those 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 

ǘƘŜ ŎǊƛƳŜ ŀƴŘ ŎƻƳǇŀǊŜ ǘƘŜƳ ǘƻ ǘƘŜ ƻǊƛƎƛƴŀƭ ǘȅǊŜ ǘƻ ŘŜǘŜǊƳƛƴŜ ŀ ƳŀǘŎƘ ōŜǘǿŜŜƴ ŀ ǎǳǎǇŜŎǘΩs car and the 

tyre tracks at the crime scene. 

The purpose of this activity may be inaccessible to those students who have visual disabilities. They are 

unable to visually compare the tyre track to the respective tyre. Forensic related investigations require 

acute observation using all senses. The Forensic Frenzy program supports the three goals of the CSIRO-

SEC department; mainly to reach out to students about the importance of science and its applications. 

Adapting Universal Design to forensic studies is crucial for students with visual disabilities so that this 

goal is achieved. CSIRO-SEC would be better equipped to spark interest in science and engineering to 

those with sensory impairments if their programs were adapted to Universal Design. 

2.3.2 Tyre For ensics 

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 detailing remnants that a tyre leaves 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 to, measurements such as the track width, tread width, pattern, 

wheelbase, turning diameter, and rolling circumference (Bodziak, 2008). 
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Tyre tracks may be left on a number of materials such as concrete, pavement, snow, dirt, mud, sand or 

other driving surfaces. The techniques to analyse tyre tracks depend on many environmental 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 surfaces. Common casting materials include epoxies, resins, rubbers, waxes and 

other adhesive materials to mould to the contours of the track. Casting tyres or tracks provides a 

method for people with visual impairments to practice the activity of tyre forensics by converting a 

visual observation into a tactile feedback mechanism.  

2.3.3 Use in Forensic Frenzy 

To implement Universal Design in this non-formal education program, tyre tread and tyre track evidence 

must be made more accessible to students with visual impairments. Casting moulds of tyres may be 

implemented in this activity of the Forensic Frenzy education program so that students can compare the 

imprint of a tyre to that of the original using tactile methods of examination. 

The method of Universal Design accomplishes much beyond the scope of making this activity accessible 

to students with visual disabilities. Both students with and without visual impairments will be able to 

compare the tyre to its inverse, since the imprint of tyre tracks yields the negative pattern of the tyre. 

This will stimulate the thought processes of students to visually and geometrically compare an original 

three dimensional mould to its negative to identify matches. In addition, this side effect will allow 

students with visual disabilities to better understand inverse images, patterns and designs. This is a 

powerful tool in understanding how tyre forensic studies are actually practiced in crime scenes. 

Most importantly, this improvement would allow students with visual impairments to participate in a 

non-formal education program that would otherwise be inaccessible to them in purpose and 

understanding. 

2.3.4 Castings and Moulds 

Several commercial products are available to properly mould rubber tyres, capturing all the contours 

and details necessary for forensic analysis. Great-{ǘǳŦŦϰ ƳŀƴǳŦŀŎǘǳǊŜǎ insulating foam that hardens 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 observation. Epoxy resins are available which harden to fit the shape of a mould and remain 

strong and durable. Clay is a commonly available product that is frequently used to create moulds in arts 

and crafts. Lastly, silicone rubber is a viable option for flexible moulding 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 (CaSO4·½H2O) and is 

created by heating gypsum to temperatures above 150°C 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 relatively simple to use. It has a quick cure time and poses no health concerns 

according to publicly available Material Safety Data Sheet (MSDS) 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 many different moulding applications. Two types of clay are 

typically used, one that hardens with air exposure, and another that remains malleable. Specifically the 

air hardening clay will harden within 24 hours without any additions or adaptations. This makes it quick 

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 for use by children (Falke, Partners, 2007). The 

company also mentions the material is fƭŜȄƛōƭŜ ōŜŦƻǊŜ ƘŀǊŘŜƴƛƴƎΣ ǿƘƛŎƘ άǇǊŜǾŜƴǘǎ ŎǊǳƳōƭƛƴƎ ǿƘŜƴ 

ǊŜƳƻǾƛƴƎ ƛǘ ŦǊƻƳ ƳƻƭŘǎΦέ όCŀƭƪŜ, Partners, 2007). This is convenient for creating a mould of a tyre. 

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

The non-hardening clay has moulding properties similar to the hardening clay, with the main difference 

being that the clay stays soft and malleable. This makes the non-hardening clay less likely to be used as a 

final mould; however it is possible to use in conjunction with other materials. Non-hardening clay is safe 

for use by children, according to Jovi, the manufacturer of Plastilina, a vegetable based non-hardening 

clay (Jovi Corp., 2009). 

Silicone rubber is a polymer that may be injected into a mould or poured over a surface to create a 

highly durable, flexible and strong product. The mould resulting from silicone rubber polymerization is 

resistant to high temperatures and has high tear strength. It is resistant to reacting with many different 

chemicals, prolonging its longevity (www.azom.com, 2009). 

The chemical qualities of silicone rubber are derived from its molecular structure, mainly a backbone of 

silicon-oxygen linkages. The bond lengths and angles between silicon and oxygen atoms in this molecule 

are large and therefore allow 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 allow moulds to 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 stores (Solid Solutions, 2009). It is typically sold in 

ŎƻƳōƛƴŀǘƛƻƴ ǿƛǘƘ ŀ άŎŀǘŀƭȅǎǘέ ǿƘƛŎƘ ǎǇŜŜŘǎ ǳǇ ǘƘŜ ŎǳǊŜ ǘƛƳŜ ƻŦ ǘƘŜ ǊǳōōŜǊΦ {ƻƭƛŘ aƻǳƭŘ рллΣ ǇǊƻŘǳŎŜŘ 

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 hours, the rubber will demould, which means that the shape can no 

longer be altered. Solid Mould 500 will be completely set within one to two days (Solid 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 available (Solid Solutions, 2009) and the MSDS of these 

products show low health risk to adults and children once the 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 to adapt non-formal educational programs towards 

Universal Design standards. The majority of non-formal education programs do not meet Universal 

Design standards in their individual activities, causing students with visual, hearing, or sensory 

disabilities to take 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 a non-formal education program 

for ǎǘǳŘŜƴǘǎ ǿƛǘƘ Ǿƛǎǳŀƭ ƛƳǇŀƛǊƳŜƴǘǎΦ CƻǊ ǘƘŜ ǇǳǊǇƻǎŜǎ ƻŦ ǿƻǊƪƛƴƎ ǿƛǘƘ /{LwhΩǎ ŜȄƛǎǘƛƴƎ ƴƻƴ-formal 

education programs, the Forensic Frenzy program was selected to adapt the activities to assist students 

with visual impairments in understanding the purpose of the demonstrations. 

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 effectiveness 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 completed and 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 senses. Specific types of 

assessment techniques were chosen to gather data: a Pre-Program Survey, Observational Checklist, and 

Post-Program Survey were selected to collect data from students by non-intrusive means. Six activities 

were adapted by the project team to 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 these methods, this project offered three deliverables. A piece of Universal Design equipment was 

created, implemented and used within the Forensic Frenzy program. A quantitative assessment was 

provided of all the data collected including statistical correlations found within bins of data. Finally, 

recommendations were provided on how to adapt CSIRO and other non-formal education programs to 

comply with Universal Design. The overall breakdown of the project can be seen in Figure 3. 
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Figure 3: Flow chart describing breakdown of purpose of project 

In short, a course of action was taken to design a means of moulding tyres for the Forensic Frenzy 

program, test the Modified Forensic Frenzy program in local schools to students of all abilities, and 

observe and assess the Modified program, comparing the existing curriculum to the new approach. 

Recommendations and guidelines were provided for non-formal educational programs. 

 

Figure 4: Project Design 
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3.1 Universal Design Equipment  
In modifying a non-formal education program to better adapt to Universal Design standards, the Tyre 

Tracks activity of the Forensic Frenzy program was selected as the model case study. As stated in Section 

2.2.4, students who have visual impairments may 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 realistic representation of a tyre track. After extensive research, a 

testing phase ensued which resulted in six consecutive versions of a Tyre Track Negative (TTN), an 

overview of which is found in Figure 5, and five consecutive versions of a Tyre Positive (TP), an overview 

which is found in Figure 9. These are the deliverable pieces of equipment for use in the Forensic Frenzy 

program. 

Tyre Track Negative Versions 

 

Figure 5: TTN (Tyre Track Negative) Versions 

TTN Version 1.0

Silicon Rubber(made using Version 0.4)

TTN Version 0.5

Hardening Clay

TTN Version 0.4

Plaster of Paris in Metal Case with Divider

TTN Version 0.3

Plaster of Paris in Wood Case

TTN Version 0.2

Plaster of Paris in Cardboard Box

TTN Version 0.1

Insulation Foam
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TTN Version 0.1, created in the United States, utilized Great-Stuffϰ insulation foam. The intention was 

to use a pressurized canister to spray Great-Stuffϰ insulation foam into the grooves of the rubber tyre. 

Great-Stuffϰ is commercially used to seal cracks on doors. Great-Stuffϰ is highly flexible due to its 

nature as a conforming insulation material and is therefore highly durable. Unfortunately, there are 

major safety concerns with Great-Stuffϰ as it easily irritates the skin after prolonged exposure and is 

extremely harmful if it gets into the eyes. In addition, Great-Stuffϰ did not successfully adhere to rubber 

surfaces and had to be dismissed as a possible means to mould tyres. The procedure for creating TTN 

Version 0.1 can be seen in Appendix D: Modified Tyre Track Worksheet.  

TTN Version 0.2, created in the United States, utilized Plaster of Paris as a moulding material. Much 

cheaper than commercially available resin materials, Plaster of Paris is just as effective at creating 

accurate moulds of materials and is a much easier and safer substance to work with when compared to 

epoxy resins. MSDS listings reveal that Plaster of Paris is an inert and innocuous material safe to the 

touch after curing (DAP, 2002). Twenty-five lb bags (11.84 kg) produced by DAPϰ are available at local 

hardware stores for approximately US$15 and cover over 10,000 cubic centimetres of surface per bag, 

making it a relatively inexpensive option. The working time is between 15τ20 minutes from time of 

reaction to setting and the solid product continues to harden over the next three days (DAP, 2005). 

TTN Version 0.2 was created using a cardboard box with an open cover as a casing. Cracks in the casing 

were sealed with masking tape. The plaster mould was a defined tyre track with high resolution directly 

comparable to the original tyre. The tracks remained relatively durable to the touch, but after prolonged 

exposure to touch and investigation, the tracks would wear and become brittle. The stability of the 

cardboard container was subpar and the equipment was prone to snapping if not carried with an equal 

pressure applied to the entire bottom surface.  

The third version of the Tyre Track Negative, TTN Version 0.3, was built following the same procedure as 

the previous version but utilized a wooden chamber made of wood blocks and particle board to house 

the plaster. This provided the needed stability in the casing that the previous version lacked. TTN 

Version 0.3, also created in the United States, was difficult for one-person transport. Weighing nearly 50 

pounds (110 kg), the design team realised TTN Version 0.3 had to be scaled down. The procedure for 

creating TTN Version 0.3 can be seen in Appendix F: TTN Version 0.3 Plaster of Paris in Wood Case. 

TTN Version 0.4 was the first version created in Australia. It utilized the same procedure as TTN Versions 

0.2 and 0.3, however it was placed in a metal casing lined with plastic and a divider was inserted before 

the plaster had cured completely (Figure 6). Adding the divider allowed the larger plaster mould to be 

split into two parts which were separated upon hardening. These two moulds were lighter in weight 

than previous versions and smaller for easier transport. The procedure for creating TTN Version 0.4 can 

be seen in Appendix G: TTN Version 0.4 Procedure. 

While TTN Version 0.4 delivered a clear imprint of the tyre and was a more realistic tool than the 

previous versions, plaster is still a brittle material that may not withstand many uses. Since many 

children would be picking up and observing it, and it would be transported around the state, the 

likelihood of the plaster remaining intact for a long period of time is extremely low.  
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Figure 6: TTN Version 0.4, Showing the Divider 

With this in mind, the project team researched other materials. TTN Version 0.5 utilized hardening clay. 

The clay was pressed into the grooves and markings of the tyre, removed, and allowed to dry with 

exposure to air until completely hardened (Figure 7). The procedure for creating TTN Version 0.5 can be 

seen in Appendix H: TTN Version 0.5 Hardening Clay. The resulting version was similar in quality and 

resolution to the plaster versions of TTN, but weighed a great deal less and was slightly less brittle. 

However, the design team was still concerned about the long term durability of TTN Version 0.5.  

 

Figure 7: TTN Version 0.5 

The final version of the Tyre Track Negative, TTN Version 1.0, was created using the plaster TTN Version 

0.4, non-hardening clay, and silicone rubber. The non-hardening clay was pressed into the plaster mould 

of the tyre track. It was then placed into a cardboard box lined with tape (see Figure 8). The project 

team then added extra clay to the side to create a closed seal. Silicone rubber was poured over the clay 

tyre mould and was allowed to cure completely over a few days. The complete procedure for creating 

TTN Version 1.0 can be seen in Appendix I: TTN Version 1.0 Non-Hardening Clay. The finished product 

was a silicone rubber tyre track negative that was highly durable and lightweight. 
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Figure 8: Making TTN Version 1.0 

 

Tyre Positive Versions 

 

Figure 9: TP (Tyre Positive) Versions 

TP Version 1.0

White Non-hardening Clay face up in Cardboard

TP Version 0.4

Orange Non-hardening Clay face up in Styrofoam

TP Version 0.3

Red Hardening Clay face up in Styrofoam

TP Version 0.2

Yellow play dough face down in Styrofoam

TP Version 0.1

Green play dough face down in Tupperware
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TP Version 0.1 was created using a play dough tyre track negative and silicone rubber in a plastic 

container. The procedure for creating TP Version 0.1 can be seen in Appendix J: TP Version 0.1 Play 

dough in Tupperware. The project team poured the silicon rubber into the plastic container and then 

placed the play dough track negative down into it. After the rubber cured, the play dough was sticky and 

difficult to completely extract from the mould. There were many air bubbles in the mould due to the 

play dough being on top of the rubber, and upon removal, the mould became stuck in the container. 

After additional days, the mould hardened significantly, resulting in deformations. 

TP Version 0.2 was also created using play dough tyre track negative and silicone rubber; however it was 

moulded in a Styrofoam container. Air bubbles were significantly reduced by better mixing and allowing 

it to set for approximately 10 minutes before inserting the play dough. Styrofoam was used for easier 

removal. The complete procedure for creating TP Version 0.2 can be seen in Appendix K: TP Version 0.2 

Play dough in Styrofoam. The project team investigated other materials because the play dough was 

sticky and difficult to extract from the silicone rubber. 

TP Version 0.3 was created by placing a tyre track negative made of red hardening clay face up in a 

Styrofoam container with the silicone rubber poured over it. The procedure for creating TP Version 0.3 

can be seen in Appendix L: TP Version 0.3 Hardening Clay. The clay hardened over time and was fairly 

easy to remove from the rubber (Figure 10). No air bubbles remained and the resolution of the treads 

was very clear. The rubber was stained a reddish colour because of the colour of the clay. The overall 

quality of the mould was the same as TP Version 0.4. 

 

Figure 10: Making TP Version 0.3 

TP Version 0.4 utilized a tyre track negative made of orange non-hardening clay that was placed face up 

in a Styrofoam container with the silicone rubber poured over it. The procedure was the same as the 

hardening clay and can be seen in Appendix M: TP Version 0.4 Non-Hardening Clay. A disposable 

container and stirring rod was used to mix the rubber solution so that cleanup was easier. Tape was 

used on the inside of the container to prevent leakage. No air bubbles remained in the final mould, but 

the rubber did not harden evenly and leaked a small amount. This could have been due to the moisture 
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held within the non-hardening clay (Figure 11). The clay was easy to remove but stained the rubber an 

orange colour. 

 

Figure 11: Making TP Version 0.4 

The final version of the Tyre Positive, TP Version 1.0 utilized a tyre track negative made of white non-

hardening clay placed face up in a cardboard container (Figure 12) with the silicone rubber poured over 

it. Additional time was allowed for the rubber to cure so that it would harden completely before 

removal. The procedure for creating TP Version 1.0 can be seen in Appendix N: TP Version 1.0 Non-

Hardening Clay. 

Because the clay was nearly the same colour as the silicone rubber moulding, the mould was not dyed 

any colour. The cardboard allowed the mould to be removed easily. Additionally, the silicone rubber is 

extremely durable and lightweight. 

 

Figure 12: Making TP Version 1.0 
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The criteria considered when choosing materials are listed in Figure 13 in tabular form. 

 

Figure 13: Design Criteria 

3.2 Methods of Assessment 
To compare the accessibility of the Original and the Modified programs to both students with and 

without visual impairments, certain data were collected. The data was collected from students in the 

form of three assessments. Each assessment contains statements and questions that are categorized by 

ǘȅǇŜ ƻǊ ǇǳǊǇƻǎŜΦ ¢ƘŜǎŜ ŎŀǘŜƎƻǊƛȊŀǘƛƻƴǎ ŀǊŜ ŘŜǎƛƎƴŀǘŜŘ ά!ǎǎŜǎǎƳŜƴǘ ¢ȅǇŜǎέ ƻǊ ά!¢Φέ ! Ŧǳƭƭ ƭƛǎǘ ƻŦ 

statements and questions corresponding to each Assessment Type is listed in Figure 14. 

ωHas an acceptable MSDS rating as provided by the manufacturer

ωConditions for creating the equipment are safe

ωConditions for using the piece of equipment are safe

ωEquipment poses no health risks to childrean of any age

Safety

ωPrice analysis is feasible for CSIRO-SEC implementations across all of 
the Forensic Frenzy programs offeredPrice

ωEquipment is easy to create and build

ωEquipment is easy to understand and use

ωEquipment requires little or no setup
Ease of Use

ωEquipment is easy to transport

ωEquipment is not brittle

ωEquipment may be easily mass produced
Stability

ωEquipment provides a realistic representation of tyre tracks that may 
be found at crime scenes

ωTyre tracks are in high resolution and all patterns of the original tyre 
may be found clearly in the tyre track

Realism

ωEquipment does not deteriorate significantly over acceptable lengths 
of time.

ωEquipment can withstand  typical use on a daily basis

ωEquipment is not easily breakable by misuse

Durability


