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[bookmark: TemplateOverview]This report provides sample answers or an indication of what answers may have included. Unless otherwise stated, these are not intended to be exemplary or complete responses. 
The statistics in this report may be subject to rounding resulting in a total more or less than 100 per cent.
[bookmark: _Hlk188277567]Section A – Multiple-choice questions
[bookmark: _Hlk188277556]The table below indicates the percentage of students who chose each option. Grey shading and bold text indicate the correct answer.
	Question
	Correct answer
	% A
	% B
	% C
	% D
	Comments

	1
	A
	53
	2
	14
	31
	Option A is the correct answer because a key cause of mass extinctions is climate change, which has occurred at different times in Earth’s past. 
A common mistake students made was assuming that meteors hitting the Earth (option D) causes mass extinctions through ‘direct impacts’ (i.e. large numbers of plants and animals being killed by the meteor itself hitting them). While meteor impacts have been associated with mass extinction events, they do not cause extinction primarily through direct physical destruction. Instead, meteor impacts force large amounts of dust and aerosols into the atmosphere (and can also trigger widespread fires). This leads to cooling of the atmosphere (a rapid climate shift or change), which then reduces photosynthesis and disrupts food webs, resulting in populations of organisms being unable to survive. This represents an indirect effect of a meteor impact, mediated through climate change. 

	2
	B
	0
	65
	27
	7
	

	3
	C
	17
	36
	40
	6
	An issue evident throughout student responses is a lack of understanding of several key scientific terms. In this question, many students confused accuracy (option B) and repeatability (option C). The stem states that when dating fossils, a scientist will test several samples from the same specimen under the same conditions. Comparing the results from these samples will provide a measure of repeatability (i.e. the closeness of the agreement between the results of successive measurements of the same quantity being measured, carried out under the same conditions of measurement). Accuracy refers to whether or not the measurement is judged to be close to the ‘true’ value of the quantity being measured. This cannot be judged from testing several samples under the same conditions. 

	4
	D
	13
	5
	8
	74
	

	5
	A
	75
	13
	2
	9
	

	6
	B
	37
	37
	12
	13
	A variety of factors influence changes in ecosystem diversity and these are specified on page 32 of the study design. From the suggested options given in the question, ‘tectonic plate movements’ (option B) is the correct answer. Tectonic plate movements cause changes by shifting the location of continents, changing sea levels and creating mountains, all of which alter habitats, isolate populations, trigger extinctions and spur new evolutionary radiations; this creates cycles of biodiversity loss and growth over geological time. Option A is incorrect because disease may have an impact on a particular species, but it is not likely to cause massive impacts on an entire ecosystem and alter the broad diversity.

	7
	C
	4
	10
	81
	5
	

	8
	B
	10
	76
	8
	6
	

	9
	D
	2
	47
	9
	42
	Option D is correct because the Australian Pesticides and Veterinary Medicines Authority (APVMA) is a government body that has used its regulatory powers to restrict the use of a chemical (i.e. banning its use) in order to improve environmental management. 
Option B is incorrect because the precautionary principle applies when an action (e.g. the use of the insecticide chlorpyrifos) has a suspected risk of causing harm to the public or the environment, and where scientific certainty is lacking. In such cases, the burden of proof that it is not harmful falls on those proposing the action, and a lack of full scientific certainty should not be used as a reason to delay cost-effective measures to prevent serious or irreversible environmental damage. 
In this case, chlorpyrifos had been used since the 1960s and was banned after scientific evidence demonstrated harmful effects. The risk was therefore not merely suspected and the decision was based on established scientific evidence rather than precaution alone. This question highlighted confusion about the precautionary principle, which was also evident in responses to Question 17.  

	10
	D
	7
	15
	3
	75
	

	11
	C
	8
	6
	55
	31
	There was some confusion regarding the impact of the decrease in sea ice in Antarctica on the albedo effect. A lower albedo would result because reduced sea ice would mean that a greater amount of radiation is absorbed (given that sea ice has a much higher albedo than seawater in the open ocean). This makes option C correct. Many students incorrectly chose option D, not recognising that increased absorption leads to greater re-radiation of heat.

	12
	C
	4
	3
	81
	12
	

	13
	B
	14
	78
	4
	4
	

	14
	D
	1
	4
	4
	91
	

	15
	C
	35
	5
	56
	4
	Confusion over the difference between mitigation and adaptation strategies was evident. Students should be clear that an adaptation option refers to actions that help organisms or systems adjust to the current and future effects of climate change. Mitigation strategies, by contrast, focus on preventing or reducing the emission of greenhouse gases into the atmosphere in order to limit the severity of climate change. 
In this question, option C is correct because the local community group is transplanting flowering plants to restore habitats with the aim of supporting the ecosystem as it adjusts to the effects of climate change. This action is not simply intended to increase the variety of food sources for the bird (option A).

	16
	ABCD
	
	
	
	
	As a result of psychometric analysis and review, all four options were accepted as correct.

	17
	B
	25
	68
	5
	3
	The correct answer is the sustainability principle of conservation of biodiversity and ecological integrity (option B). The protection of the dingo was undertaken with the aim of conserving the species and maintaining ecosystem function, based on new scientific information. 
For the reasons outlined in question 9, there is not a lack of scientific certainty, and action has not been postponed, so option A is incorrect. Many students incorrectly chose this option, which reflects confusion with key terminology used in the study design.

	18
	D
	1
	10
	4
	84
	

	19
	B
	0
	94
	5
	1
	

	20
	C
	6
	28
	46
	20
	The ability to read and analyse different types of graphs and data, and to understand mathematical calculations, is a basic science skill that should be practised regularly. While the two pie graphs of Australia’s energy consumption by source showed a change in usage, the total energy use data and population figures provided allowed students to calculate that total energy use per person had decreased (in 1973–74 a person used 0.00025 of a petajoule compared with 0.00022 in 2022–23). This was a decrease in energy use, making option C correct. Some students incorrectly chose option B because they looked at the total energy use figure rather than considering the energy use per person.

	21
	A
	74
	9
	4
	13
	

	22
	C
	4
	1
	72
	24
	The key to selecting the correct response (option C) was to carefully read the question. Most students made the connection between wind turbines not always being able to provide a reliable source of energy and the statement that wind is intermittent and therefore requires a backup energy source or storage option. While the information in the other three options is factually correct, these options do not relate to the question that was asked. 

	23
	A
	74
	3
	16
	7
	

	24
	D
	3
	2
	1
	93
	

	25
	A
	80
	10
	4
	6
	

	26
	A
	64
	5
	14
	16
	Students showed some difficulty in clearly explaining how atmospheric gases regulate Earth’s energy balance and climate through interactions with solar radiation. Option A was the correct answer, and students are expected to have a clear understanding of the role that greenhouse gases play in absorbing and re-radiating infrared radiation, which contributes to the trapping of heat in the atmosphere and the greenhouse effect.

	27
	C
	8
	17
	71
	5
	

	28
	B
	12
	61
	7
	21
	As part of analysing, evaluating and communicating scientific ideas, students are expected to use and understand the concept of standard units of measurement. In this case, students collecting data on turbidity were measuring how turbid the water was in nephelometric turbidity units (NTU) (option B). Many students incorrectly chose option D, which was the piece of equipment used to measure turbidity levels, not the actual unit of measurement.

	29
	C
	27
	6
	63
	3
	The statistics for this question indicate the difficulties some students have in clearly understanding and applying the terms related to data and measurement that are listed and defined in the study design. Students should practise both correctly defining these terms and applying them to different scientific data and experiments. This question asked why the students in group B had measured turbidity levels five times rather than just one measurement like group A. Most students correctly chose option C because the effect of random errors can be reduced by making more or repeated measurements and then calculating the new mean. Confusion around causes of bias, different types of errors, and how validity applies to the collection of experimental data meant that some students incorrectly chose options A, B or D. 

	30
	D
	6
	2
	4
	87
	




Section B
Question 1a.
	Mark
	0
	1
	2
	Average

	%
	32
	13
	55
	1.2



	N = 34
	
	Σ [ni (ni – 1)] = 612

	N(N – 1) = 1122
	
	


[bookmark: _Hlk185340511]Therefore:

Simpson’s Index of Diversity:	
				D = 1 – (612 / 1122)
				D = 1 – 0.545
				D = 0.454
Most students were able to correctly complete the calculation using the figures provided in the table. Many students rounded the diversity figure to two decimal places (0.45), which was acceptable. Some responses did not subtract 0.545 from 1 to get the final Simpson’s Index of Diversity figure and were therefore incomplete. 
Students needed to demonstrate their understanding of the Simpson’s Index calculation by correctly processing the figures and interpreting what the results indicate about species diversity.
Question 1b.
	Mark
	0
	1
	2
	3
	Average

	%
	38
	40
	12
	11
	1.0


An understanding of both ‘species richness’ and ‘relative abundance’ and how they applied to the data given in the table was required to successfully answer this question. Higher-scoring responses correctly explained that species richness is the number of different species (five in this example) and that relative abundance is the proportion of each species in relation to the total number of individuals of all species (i.e. how spread or even these species numbers are). To be awarded full marks, students needed to refer to the data. For example, high-scoring responses identified that there was a poor level of relative abundance with large numbers of the exotic tussock grass (25 individuals) compared to low numbers of the other grass and insect species (with only two individuals of each). 
Common errors included failing to use any data to support the explanations and simply providing definitions without further explanations. There was also confusion about the term relative abundance, with some responses stating only that there were ‘abundant numbers’ or that the abundance was 34 (i.e. the total number of individuals).


Question 1c.
	Mark
	0
	1
	2
	3
	Average

	%
	23
	44
	25
	8
	1.2


This question required both knowledge of the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES) treaty and a supported evaluation on whether it should apply to the park. Generally speaking, using the CITES treaty was not the appropriate method of protecting the park because it is an international treaty that covers the trade in endangered species rather than a local park. However, responses with well-supported evaluation that argued either way were given high marks. Some higher-scoring responses explained that there was no evidence of trade or that any species were endangered. Others argued that while some form of protection was required due to low species diversity of 0.45, the park would be better protected under the Environment Protection and Biodiversity Conservation Act (a more applicable form of legislation than CITES). Not all students demonstrated an understanding of how the CITES treaty applies to the protection of threatened species.
Question 1d.
	Mark
	0
	1
	2
	3
	Average

	%
	10
	36
	46
	8
	1.6


Knowledge of the mark-recapture technique for estimating population size was required to answer this question, and not all students were able to indicate this in their explanation. Higher-scoring responses explained that the technique involves capturing a number of organisms, marking them in some way, releasing them, and then attempting to recapture individuals. The number of captured and recaptured individuals can then be used to estimate the population size. 
Having explained that the technique involves some disturbance to the organisms, higher-scoring responses also discussed the ethical implications, highlighting that capturing, handling and marking organisms could cause stress or harm, and noting that these species were often endangered, so capturing them could pose a further risk to the population. Students went on to explain that if the organisms were handled with as much care as possible, released quickly and safely, and the resulting population information is used to help support conservation efforts or scientific research, then the technique could be considered ethical. 
A balanced discussion around the ethics of mark-recapture, along with a clear indication of the technique, was required to be awarded full marks. 
Question 2a.
	Mark
	0
	1
	Average

	%
	74
	26
	0.3


The most likely International Union for Conservation of Nature (IUCN) conservation category was ‘vulnerable’. The information stated that the status had been recently upgraded to ‘near threatened’, which indicates that the risk of extinction for the southern pygmy perch species had increased. ‘Vulnerable’ is the next highest category after ‘near threatened’. An understanding of the categories in the IUCN classification system was required. Many students incorrectly stated ‘endangered’ or ‘critically endangered’, which were less likely than ‘vulnerable’. ‘Threatened’, which is not an IUCN category, was also a common incorrect answer. 
Question 2b.
	Mark
	0
	1
	2
	Average

	%
	11
	22
	68
	1.6


Competition refers to the struggle for limited resources within an ecosystem, and responses needed to make this idea clear to be awarded full marks. Higher-scoring responses explained that the invasive fish species made fewer resources available because they took away food, or used up the limited breeding spaces, from the perch population. A common error made by some students was to describe the impact of predation on perch by introduced fish species.
Question 2c.
	Mark
	0
	1
	2
	3
	4
	Average

	%
	6
	13
	34
	37
	11
	2.4


As part of this question, two different management strategies were listed. Students were asked to describe a relevant action for each strategy that could have been taken before the successful reintroduction of the perch took place. ‘Restoration of habitat’ refers to restoring the function of the habitat back to its original, undegraded state. High-scoring responses stated this and then went on to describe how this could be done. Many students identified that replanting dense reed beds and replacing driftwood pieces, as well as restoring water flows, would achieve this. In describing actions related to ‘captive breeding’, responses needed to make this concept clear by stating that this strategy should take place in a safe, controlled environment, free from competition with the managed mating of genetically diverse perch (usually from different populations) to improve both total numbers and the genetic diversity of the species. Not all students were able to give some relevant description to both of the strategies (especially a clear idea of what captive breeding involves).
Question 2d.
	Mark
	0
	1
	2
	Average

	%
	15
	44
	41
	1.3


Part of the question required students to clearly define the term ‘regulating service’. Higher-scoring responses stated that these services are the benefits humans receive from the regulation of ecosystem processes, such as climate control, water purification, soil fertility and — as applies to this question — the control of pest species. The information given in the stem stated that the perch provided a natural method of pest control by consuming mosquito larvae, and most students could identify this as a regulating service.
Question 2ei.
	Mark
	0
	1
	2
	Average

	%
	11
	38
	51
	1.4


In both parts of question 2e., responses needed to focus on the key element of the question, that is the collection and measurement of the genetic diversity of the perch population. A common error was to simply focus on why population data and measurement were important (i.e. that conservationists needed to know how many fish there were and whether total numbers were growing or declining). 
High-scoring responses identified that the original data was collected to provide a baseline of the genetic diversity, which would be used to determine the effectiveness of the reintroduction program and monitor any changes in genetic diversity. For example, this could be used to give an initial understanding of any genetic issues or problems within the species or identify any suitable breeding individuals or groups (based on variations in genetics).
Question 2eii.
	Mark
	0
	1
	2
	3
	Average

	%
	11
	34
	36
	19
	1.7


Focusing on the genetic diversity issue was again the key to successfully answering part ii. The basic reason why conservationists measured the genetic diversity of the perch after the reintroduction program was to determine whether there had been an increase or decrease in this diversity. High-scoring responses then went on to explain how this would give an indication of factors related to the resilience or resistance of the population to environmental change and/or disease. It could also reflect problems related to inbreeding, with smaller, inbred populations more likely to become extinct. This genetic information would provide the conservationist data which could be used to evaluate the effectiveness of the program and provide further direction to their conservation efforts. 
Question 3a.
	Mark
	0
	1
	2
	3
	4
	Average

	%
	8
	13
	29
	41
	9
	2.3


While an understanding of the sustainability principles of ‘efficiency of resource use’ and ‘intergenerational equity’ was required, an important part of the question stated that the explanation of the meaning of each should be ‘in the context’ of the change from cattle farming to organic market gardening. Responses that did not score highly provided basic definitions of each and gave a simple link to some land-use changes outlined in the stem. In this type of question, it is important that students use the information provided and discuss how the sustainability principles may apply to the given scenario.
High-scoring responses provided a statement answering the first part of question; that the conversion to organic farming from cattle grazing does clearly demonstrate both sustainability principles. They went on to describe why this was the case by discussing how the ‘efficiency of resource use’ was a focus by using the land and water resources sustainably and minimising negative environmental impacts on the soil, creek and local biodiversity. By reducing the use of chemicals and using compost and manures the farm is using fewer resources to create more value, while producing less waste. The ‘intergenerational equity’ principle was related to the change in land-use of farming methods that increased biodiversity, stream health, soil nutrient levels and quality, which provided suitable resources for the current generation but also meant that the present generation should pass these natural resources with sufficient environmental quality on to future generations. 
It was important to justify this discussion for full marks. Justification of the change from cattle farming to organic market gardening could have included that the cattle farming was not sustainable (that the land was very degraded and that this degradation would continue if there was no change in management practices) so the change to organic market gardening was important because the farm now meets the needs of the present generation (by producing organic foods for consumers) without compromising the needs of future generations. By recycling resources (compost and manures), limiting soil erosion, using minimal water for irrigation and increasing biodiversity, the land would be in an improved state and was therefore a more efficient use of resources. 
Question 3b.
	Mark
	0
	1
	2
	Average

	%
	22
	42
	37
	1.2


This question was successfully answered in one of two ways by students. As stated in the study design, various factors can influence responsible decision-making, including diverse stakeholder values, knowledge and priorities. In this case, the question asked that the values and priorities that have influenced the farming family in the organic market garden’s development be discussed. High-scoring responses identified that the key value was related to improving the quality of the environment on which their farm was established because they prioritised growing healthy, organic food in a way that returned the degraded ecosystem 
to health. 
Other students focused their answer on the value systems listed in the study design. They stated that the family’s values were ecocentric because they valued the health of the environment (both living and non-living aspects) and prioritised land-use changes to return the health of the ecosystem as a whole. Because this focus was on the total environmental health of the farm (both the biotic and abiotic aspects) it was more than biocentrism (which a number of students incorrectly gave as their answer). 
Question 3c.
	Mark
	0
	1
	2
	3
	4
	Average

	%
	10
	9
	33
	41
	7
	2.3


In using the concept of a cost-benefit analysis, students needed to indicate suitable environmental and economic examples that would result from the change in land-use from cattle grazing to organic market gardening. By completing the four spaces in the table, students were generally able to identify environmental benefits such as the increased biodiversity of the area, less erosion and improved soil fertility, and the reduced use of chemical fertilisers. Economic costs listed included the costs involved in buying and replanting endemic plants, the increased price of organic herbs and vegetables to consumers and the expense of methods to improve soil and biologically control pests. Economic benefits stated were the income gained by the family from the sale of organic produce, the employment opportunities in the local community and the reduced costs by not purchasing chemicals. Many students found it difficult to correctly identify an environmental cost involved in changing from the cattle farm to market gardening. High-scoring responses identified that because the cattle grazing land was converted into organic farming land that an environmental cost could be the chance to restore the whole area to its former natural ecosystem. Other students correctly identified another cost as the loss of native habitat because the reduced yield from organic farming requires more land to be turned over to market gardening to produce enough food to be profitable and to meet the needs of consumers.
A common error resulted from students focusing on the costs and benefits of just cattle grazing (e.g. income from the sale of beef was given as an economic benefit) rather than the change in land use to organic market gardening.


Question 3d.
	Mark
	0
	1
	2
	3
	Average

	%
	13
	12
	42
	33
	2.0


First, a correct explanation of the meaning of ‘anthropocentrism’ was required to answer this question. That is the belief that human beings are the central or most important entity on the planet and that all other organisms and resources are secondary to human needs and purposes. Second, an evaluation of the suggestion that the family is demonstrating an anthropocentric focus was also required. Many responses identified that at a basic level the production of food is simply using the land and water resources for the benefit of humans (and for an income for the family), which could therefore be seen as an anthropocentric focus. However, high-scoring responses then went on to acknowledge that their focus on improving the state of the land, water, plants and animals shows they are considering other factors and don’t consider themselves superior or separate from nature, which is more than just anthropocentrism. Some students also identified this as ecocentrism, but this was not required for full marks to be awarded.
Question 4a.
	Mark
	0
	1
	2
	Average

	%
	30
	32
	38
	1.1


A number of questions in the examination required a clear knowledge of key terminology and basic concepts from the study design. Sometimes the correct answer requires a straight definition, while other questions require students to apply their understanding of the term to describe, explain or evaluate different situations or examples. Students would benefit from practising approaching both types of responses to develop their skills in clearly defining terms, as well as applying them correctly to various circumstances or scenarios.
Question 4a. asked for the meaning of term ’validity’ to be stated and then applied to the collection of global air quality data by the Kennaook/Cape Grim (KCG) air monitoring station. Higher-scoring responses stated that validity involves ensuring that the data collected measures what the researcher intended it to measure. In this example, by excluding data points that came across the land, local sources of air pollution would be excluded from the data set and therefore only global air quality is being measured (which is what the scientists were intending to measure). 
Common errors stemmed from a confused understanding of the term ‘validity’. Incorrect answers referred to validity variously as being correct or accurate measurements, or measurements without bias, or measurements that were precise and contained no errors. 
Students should develop a clear understanding of the scientific terminology listed in the study design (including those terms described on pages 16 to 19) and practise applying them to different scientific investigations that relate to the Environmental Science study area.


Question 4b.
	Mark
	0
	1
	2
	Average

	%
	44
	3
	53
	1.1


The question required students to use the carbon dioxide data from the KCG monitoring station to calculate the percentage increase in carbon dioxide. The initial concentration in 1974 was 329 ppm and this had increased to 421 ppm by 2024. Students were required to show their working for full marks to be awarded. The correct calculation was: 
(421 – 329) / 329 = 0.2796
0.2796 x 100 = 27.96% increase
Many students rounded this up to 28%, which was an acceptable answer. A level of basic mathematical skill is part of the Environmental Science study area and students should be familiar with how to complete these calculations.
Question 4ci.
	Mark
	0
	1
	2
	Average

	%
	7
	24
	69
	1.6


When asked to ‘refer to the graph’ it is expected that students would use specific data from the graph. High-scoring responses clearly reviewed the graph, focused on the change from 1800 onwards and used the correct figures and units. For example, there was a clear change from a level of ~275 ppb in 1800 to a rapid increase to over 335 ppb after 2000. Common errors were to discuss the whole graph and/or simply describe that there had been a rapid increase in concentration without the use of any years or figures quantifying 
this change.
Question 4cii.
	Mark
	0
	1
	2
	Average

	%
	18
	39
	43
	1.3


Students were required to state what caused the changes in atmospheric nitrous oxide levels both before and after 1800. Most students were able to identify factors relevant to the dramatic increase in nitrous oxide levels post-1800 and usually described one contribution from the burning of fossil fuels and biomass waste, industrial processes (e.g. the production of nitric acid), or the various sources from agricultural production (e.g. the increased use of nitrogen fertilisers, soil cultivation and the use of animal manures).
The causes of fluctuations in the nitrous oxide levels prior to 1800 were less well identified. Higher-scoring responses were able to identify natural fluctuations in the nitrogen cycle due to climate variations (warmer and cooler periods in the past) or the impacts of volcanic eruptions (which do not emit much nitrous oxide but may impact on climate conditions).


Question 4d.
	Mark
	0
	1
	2
	Average

	%
	50
	26
	24
	0.8


Global warming potential (GWP) is a measure of how much heat a greenhouse gas contributes to warming the atmosphere over a specified time period, relative to the same amount of carbon dioxide. This point needed to be made clear and then related to the given GWP of 273 for nitrous oxide. What this means is that one unit of nitrous oxide will absorb 273 times more heat energy than a unit of carbon dioxide over 20 years. Common errors were to simple state that it was the potential to warm earth or an indication of how much of the gas there is, or how long it will last, in the atmosphere.
Question 4e.
	Mark
	0
	1
	2
	3
	4
	Average

	%
	27
	28
	21
	13
	10
	1.5


The interactions between solar energy that is absorbed, re-emitted and reflected by atmospheric gases and other matter, including the albedo effect, are a key element in the scientific understanding of the natural greenhouse effect and climate change. Overall, the level of understanding demonstrated in responses to this question was low.
Few students provided a complete answer sufficient for full marks. The key to answering this question was identifying that the relevant form of solar radiation is visible light, which largely passes through the atmosphere (although some is scattered by clouds and dust particles) and reaches Earth where it is mostly absorbed by Earth’s surface. This absorbed visible light is then re-emitted as infrared radiation back into the atmosphere, where it is partially absorbed by greenhouse gases. These gases then emit the infrared radiation in all directions, both outward toward space and downward toward Earth, which then helps to warm Earth. This reradiated infrared increases Earth’s surface temperature, helping to maintain an environment that is able to support life.
Lower-scoring responses often confused ideas about the forms of radiation, with many describing global warming being caused by the incoming solar infrared (rather than visible light reemitted as infrared), or discussed irrelevant points about ultraviolet radiation and the ozone layer. Others could not name the relevant forms of solar radiation and inaccurately discussed wavelengths. This was one of several questions where careful reading and targeted responses were required, and many students did not address the specific points required. 
Question 5a.
	Mark
	0
	1
	2
	Average

	%
	44
	34
	23
	0.8


The term ‘uncertainty’ is defined in the study design as ‘the range of values in which the true value is expected to lie’. In this case, the optimal growing temperature for cotton was given as 28 degrees Celsius, with a degree of uncertainty of ±2 degrees Celsius. This indicates that the ideal growing temperature for cotton (the true value) lies between 26 and 30 degrees Celsius. Less than a quarter of students were able to correctly describe what was meant by the term ‘uncertainty’. Common errors included simply describing ‘uncertainty’ as lacking certainty, evidence, knowledge or agreement about the ideal growing temperature. This was another example of a question where many students were unclear about the meaning of a term from the study design and how it applies to the data.
Question 5b.
	Mark
	0
	1
	2
	Average

	%
	32
	43
	25
	1.0


Students were required to use the information provided about the implications of findings from climate change modelling to determine future risks to the cotton growing industry in Australia. Most students were able to suggest at least one clear risk linked to possible changes in climate, although two were required. High-scoring responses included risks such as:
An increase in the frequency of high temperature days of more than 35 °C can lead to increased flower loss and a decreasing yield from plants, causing the industry to lose income.
An increase in evaporation and transpiration can increase the need for more watering, or cause wilting and death of cotton plants due to lack of water.
No significant increase in seasonal rainfall can lead to an increased need for irrigation and cause death due to lack of water in hot conditions.
An increase in average seasonal temperatures may be higher than the optimal growing temperature for cotton and therefore can hinder growth by damaging basic metabolic processes (such as photosynthesis and respiration), increasing stress and disrupting the growth of cotton plants.
Lower-scoring responses did not clearly link the specific climate information with a risk to the cotton industry, and simply stated that a change to the climate would stop cotton growing.
Question 5c.
	Mark
	0
	1
	2
	Average

	%
	12
	33
	56
	1.5


Students were generally able to explain the importance of the Northern Territory Government gaining Aboriginal people’s perspective on the growing of cotton in their local area. High-scoring answers acknowledged that they are significant stakeholders with a valuable perspective on land use, as well as having a long connection to the land as traditional custodians. Others described the cultural significance and spiritual connection to the land Aboriginal people have, as well as holding a deep knowledge of the land, seasons and ecosystems. 
Question 5d.
	Mark
	0
	1
	2
	Average

	%
	38
	47
	15
	0.8


The information given in this question states that the Intergovernmental Panel on Climate Change (IPCC) has indicated with high confidence that sustainable land management practices can contribute to reducing the negative impacts of climate change. This level of IPCC confidence rating suggests there is a significant amount of evidence or research based on using scientific modelling, as well as a consensus of agreement between scientists, that sustainable land management practices can contribute to reducing the impacts of climate change. This indicates the importance of sustainable land management practices for cotton growers into the future. 
Most students were able to acknowledge the importance of sustainable land management practices when growing cotton, but many responses could not outline what the confidence rating referred to. Simple statements that the IPCC are very confident does not demonstrate an understanding of the IPCC confidence rating climate projection guidelines.
Question 6a.
	Mark
	0
	1
	2
	Average

	%
	22
	43
	35
	1.2


The correct sequence of energy transformations when biomass is combusted in a power plant to produce electricity is: chemical > thermal (heat) > mechanical/kinetic > electrical. Some students incorrectly described the energy in biomass simply as ‘potential’, which was not specific enough, as biomass energy is chemical energy, not gravitational potential energy. The transformation of the biomass during combustion in the furnace produces thermal kinetic energy (or heat), not just ‘kinetic’ energy. 
Question 6b.
	Mark
	0
	1
	2
	Average

	%
	51
	2
	47
	1.0


Many students were able to apply the correct formula to correctly calculate the efficiency of the biofuel power plant using the data provided:


The figures given meant that: 


Students were asked to show their working in reaching the correct figure of 35 per cent to gain both marks for this question. Some students were unable to correctly complete the basic mathematical calculation including percentage change and, in this case, energy efficiency.
Question 6c.
	Mark
	0
	1
	2
	3
	Average

	%
	32
	29
	24
	15
	1.2


Students were required to compare the environmental impact of using biomass energy and coal in terms of the carbon cycle. As listed in the study design, an understanding of ‘carbon sequestration in land and water that results in short-term (less than 100 years) and long-term (more than 1000 years) changes in the carbon cycle’ is part of the focus on using different energy sources and climate change. The first point that most students were able to use in the comparison was to acknowledge that both biomass and coal produce carbon dioxide when combusted, but that biomass is regarded as more carbon neutral. High-scoring responses then focused on comparing the differences in terms of the carbon cycle, that is, when growing biomass takes carbon out of the atmosphere (through plant photosynthesis) and releases this again when burnt (carbon is cycling through the environment in the short term). Whereas coal, when burnt, releases large amounts of fossilised carbon (that has been stored for millions of years) and this is disrupting the carbon cycle by releasing carbon faster than it can be absorbed or sequestered (and therefore contributing to climate change). 
Question 6d.
	Mark
	0
	1
	2
	Average

	%
	32
	16
	53
	1.2


Most students were able to identify one risk of growing energy crops for biomass fuel, and many then adequately described the potential impact this risk might have on the local environment. Examples of correct responses included a risk such as:
deforestation of ecosystems that impact negatively by reducing biodiversity and species habitats
carbon emissions from turning the soil and removing plants increasing climate change
depletion of soil nutrients and water sources due to the growing requirements of biomass crops
loss of biodiversity due to the growth of biomass crops as monocultures. 
Question 6e.
	Mark
	0
	1
	2
	Average

	%
	44
	50
	6
	0.7


In general, this question was not well answered, with many responses showing a poor understanding of base load energy. Base load is the minimum amount of electricity a power grid needs to generate continuously to meet a constant, 24-hour, 7-days-a-week electricity demand. This needed to be correctly and fully stated as part of the evaluation of the ability of biomass to supply the Northern Rivers region with electricity. Many lower-scoring responses did not provide an evaluation supported by relevant reasoning.
An evaluation could be given in support of or against the ability of biomass to supply a base load to the community. It required some level of discussion with support, such as that biomass would be able to supply a constant supply of combustible fuel to generate continuous electricity if enough land was given over to the production of organic material. Other acceptable answers argued that biomass could not supply a continuous supply for 60,000 homes because it is unlikely that the average number of people per home would be five (i.e. 300,000 people in 60,000 homes), therefore more homes (with various businesses and industries) would need more electrical energy than two biomass power plants could supply. 
Question 7a.
	Mark
	0
	1
	Average

	%
	42
	58
	0.6


A table was provided to allow students to circle the correct classifications for nuclear energy in terms of its source and renewability. Most students correctly circled non-fossil and non-renewable, however, many incorrect responses identified nuclear energy as a fossil fuel.


Question 7b.
	Mark
	0
	1
	2
	3
	4
	Average

	%
	30
	24
	26
	15
	5
	1.4


The level of understanding of nuclear energy and how it is generated varied considerably among students. Higher-scoring responses clearly explained that the production of electricity from a nuclear reactor is not a major source of greenhouse gas emissions (although some emissions occur during mining, construction and transport to produce nuclear fuel/energy). The key implication of this is that by replacing fossil fuels with nuclear energy it could reduce the impact of the enhanced greenhouse effect. 
In terms of reliability, nuclear energy is able to provide a reliable source of electrical energy that can operate continuously regardless of weather conditions and sunlight (it is not intermittent like solar and wind). The implications of this are that nuclear energy can be used and controlled to provide a suitable base load (rather than peak) for a large population. 
Question 7ci.
	Mark
	0
	1
	2
	Average

	%
	39
	41
	21
	0.8


In order to calculate the total costs involved in building and operating a nuclear reactor and a wind farm over an 80-year period, students were required to use the data provided in the table. The basic calculations needed to account for the life span of each system are:
Nuclear = 5 billion + (600 million x 80) = $53,000 million 
Wind = (500 million x 4 + 450 million x 80) = $38,000 million  
Based on these figures (having noted that the wind farms need to be replaced every 20 years), wind farms are less costly over the 80-year period. Not all students were able to correctly calculate these costs.
Question 7cii.
	Mark
	0
	1
	Average

	%
	90
	10
	0.1


The major factor that should be considered when evaluating nuclear power against wind generation had to be the safe disposal of the radioactive nuclear waste and/or the possible release of harmful radiation into the environment from a nuclear reactor meltdown. Not many students understood this danger or could not explain this factor clearly. Many students gave answers that related to factors already considered in parts a., b. and ci, such as comparing the renewability or the reliability of wind and nuclear, when the question clearly stated that these factors should not be considered. 


Question 8a.
	Mark
	0
	1
	2
	Average

	%
	24
	18
	58
	1.3


The question asked for a suitable hypothesis to be stated for the experiment that was outlined in the stem. A hypothesis is a clear statement (usually a prediction) that indicates a relationship between an independent and dependent variable (one that can be tested). Higher-scoring responses predicted that the box insulated with the highest R value material (or box 3 covered by natural wool batts) will retain higher levels of heat over the 30-minute period. Other correct answers wrote that the box insulated with the lowest R value material would lose the most heat over the 30 minutes of testing. Some incorrect answers discussed factors such as the water temperature increasing over time, or that the students were trying to measure and calculate R values. 
Question 8b.
	Mark
	0
	1
	Average

	%
	47
	53
	0.6


The dependent variable that most students correctly identified is the loss of heat (or change in temperature) from the water in the beaker. To be awarded the mark, students needed to be clear that it was the water temperature that was being measured (not the temperature of the box or the air). The most common incorrect answer given was the R value of the insulation (which is the independent variable in the experiment).
Question 8c.
	Mark
	0
	1
	2
	Average

	%
	16
	18
	67
	1.5


Most students predicted that box 1 (plain plywood) would lose the highest amount of heat over the 30 minutes and justified this choice by identifying that this box had the lowest R value, which meant that it would lose heat faster (or that the other boxes had insulation with a higher R value would therefore retain heat for longer).
Question 8d.
	Mark
	0
	1
	2
	Average

	%
	28
	20
	53
	1.3


This question required students to have a correct understanding of what a systematic error is (as opposed to a random or personal error). Many students jumbled these error terms together and described any experimental errors rather than a systematic one. Systematic errors affect the accuracy of a measurement. Systematic errors cause readings to differ from the true value by a consistent amount each time a measurement is made, so that all the readings are shifted in one direction from the true value (as defined in the study design). The accuracy of measurements subject to systematic errors cannot be improved by simply repeating those measurements.
A systematic error associated with using the temperature probe would be an error that causes measurements to consistently deviate from the true value in the same direction. This could be due to faulty equipment (e.g. badly constructed box) or the incorrect calibration of the probe (which many students identified). Higher-scoring responses then suggested how this error could have been prevented, for example by checking each probe to ensure that it is not faulty and/or calibrating it against a known, accurately calibrated temperature probe.
Question 8e.
	Mark
	0
	1
	2
	Average

	%
	18
	26
	55
	1.4


Most students explained that insulation with a higher R value would help to maintain a more even temperature throughout the home (for both heating and cooling) because less heat from the outside could enter during summer, and less heat could escape from inside the house during winter. This consistently decreases energy demands by the householder (reducing personal energy consumption because people did not have to use their heaters or air conditioners as much).
Question 8f.
	Mark
	0
	1
	2
	Average

	%
	32
	61
	7
	0.8


A variety of ideas were suggested to explain how the builder could maximise the insulation efficiency of the home in terms of heating and cooling, with the most common being that the builder should use insulation with the highest R value possible to maintain temperatures within the house. Higher-scoring responses then went on to suggest other key ideas to improve the efficiency of the house such as using underfloor insulation (as well as roof and wall) or double-glazed windows. Some students suggested ideas related to the albedo effect (e.g. the choice of lighter paint colours to reflect heat and keep the home cooler). 
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