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Research investigation (20%)

This sample has been compiled by the QCAA to assist and support teachers to match evidence
in student responses to the characteristics described in the instrument-specific marking guide
(ISMG).

Assessment objectives

This assessment instrument is used to determine student achievement in the following
objectives:

2. apply understanding of DNA, genes and the continuity of life or the continuity of life on Earth
to develop research questions

3. analyse research evidence about DNA, genes and the continuity of life or the continuity of
life on Earth

4. interpret research evidence about DNA, genes and the continuity of life or the continuity of
life on Earth

5. investigate phenomena associated with DNA, genes and the continuity of life or the
continuity of life on Earth through research

6. evaluate research processes, claims and conclusions about DNA, genes and the continuity
of life or the continuity of life on Earth

7. communicate understandings and research findings, arguments and conclusions about
DNA, genes and the continuity of life or the continuity of life on Earth.

Note: Objective 1 is not assessed in this instrument.
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Instrument-specific marking guide (ISMG)

Criterion: Research and planning

Assessment objectives

2. apply understanding of DNA, genes and the continuity of life or the continuity of life on Earth
to develop research questions

5. investigate phenomena associated with DNA, genes and the continuity of life or the continuity
of life on Earth through research

The student work has the following characteristics:

¢ informed application of understanding of DNA, genes and the continuity of life or the
continuity of life on Earth demonstrated by a considered rationale identifying clear
development of the research question from the claim

o effective and efficient investigation of phenomena associated with DNA, genes and the 5-6
continuity of life or the continuity of life on Earth demonstrated by

- a specific and relevant research question
- selection of sufficient and relevant sources.

¢ adequate application of understanding of DNA, genes and the continuity of life or the
continuity of life on Earth demonstrated by a reasonable rationale that links the research
guestion and the claim

o effective investigation of phenomena associated with DNA, genes and the continuity of life 3-4
or the continuity of life on Earth demonstrated by
- arelevant research question
- selection of relevant sources.

¢ rudimentary application of understanding of DNA, genes and the continuity of life or the
continuity of life on Earth demonstrated by a vague or irrelevant rationale for the
investigation

« ineffective investigation of phenomena associated with DNA, genes and the continuity of life 1-2
or the continuity of life on Earth demonstrated by

- an inappropriate research question
- selection of insufficient and irrelevant sources.

¢ does not satisfy any of the descriptors above. 0
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Criterion: Analysis and interpretation

Assessment objectives

3. analyse research evidence about DNA, genes and the continuity of life or the continuity of life
on Earth

4. interpret research evidence about DNA, genes and the continuity of life or the continuity of
life on Earth

The student work has the following characteristics:

¢ systematic and effective analysis of qualitative data and/or quantitative data within the
sources about DNA, genes and the continuity of life or the continuity of life on Earth
demonstrated by

- the identification_of sufficient and relevant evidence E s

- thorough and appropriate identification of limitations of evidence
« insightful interpretation of research evidence about DNA, genes and the continuity of life or

o effective analysis of qualitative data and/or quantitative data within the sources about DNA,
genes and the continuity of life or the continuity of life on Earth demonstrated by
- the identification of relevant evidence
- identification of obvious trends, patterns or relationships 34
- basic.identification. of limitations of evidence

¢ adequate interpretation of research evidence about DNA, genes and the continuity of life or
the continuity of life on Earth demonstrated by reasonable scientific argument/s.

¢ rudimentary analysis of qualitative data and/or quantitative data within the sources about
DNA, genes and the continuity of life or the continuity of life on Earth demonstrated by

- the identification of insufficient and irrelevant evidence
- identification of incorrect or irrelevant trends, patterns or relationships 1-2
- incorrect or insufficient identification of limitations of evidence

¢ invalid interpretation of research evidence about DNA, genes and the continuity of life or the
continuity of life on Earth demonstrated by inappropriate or irrelevant argument/s.

¢ does not satisfy any of the descriptors above. 0
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Criterion: Conclusion and evaluation

Assessment objectives

4. interpret research evidence about DNA, genes and the continuity of life or the continuity of
life on Earth

6. evaluate research processes, claims and conclusions about DNA, genes and the continuity of
life or the continuity of life on Earth

The student work has the following characteristics:

e insightful interpretation of research evidence about DNA, genes and the continuity of life or

e critical evaluation of the research processes, claims and conclusions about DNA, genes and
the continuity of life or the continuity of life on Earth demonstrated by 5-6

- insightful discussion of the quality of evidence
- extrapolation of credible findings of the research to the claim

- suggested improvements and extensions to the investigation that are considered and
relevant to the claim.

¢ adequate interpretation of research evidence about DNA, genes and the continuity of life or
the continuity of life on Earth demonstrated by reasonable conclusion/s relevant to the
research question

¢ basic evaluation of the research processes, claims and conclusions about DNA, genes and
the continuity of life or the continuity of life on Earth demonstrated by 34

¢ invalid interpretation of research evidence about DNA, genes and the continuity of life and
or continuity of life on Earth demonstrated by inappropriate or irrelevant conclusion/s

¢ superficial evaluation of the research processes, claims and conclusions about DNA, genes
and the continuity of life or the continuity of life on Earth demonstrated by 1-2

- cursory or simplistic statements about the quality of evidence
- application of insufficient or inappropriate findings of the research to the claim
- ineffective or irrelevant suggestions.

¢ does not satisfy any of the descriptors above. 0
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Criterion: Communication

Assessment objective

7. communicate understandings and research findings, arguments and conclusions about DNA,
genes and the continuity of life or the continuity of life on Earth

The student work has the following characteristics:

o effective communication of understandings and research findings, arguments and
conclusions about DNA, genes and the continuity of life or the continuity of life on Earth
demonstrated by

- fluent_ and _concise use of scientific language and representations
- appropriate use of genre conventions

- acknowledgment of sources of information through appropriate use of
referencing_conventions.

N

¢ adequate communication of understandings and research findings, arguments and
conclusions about DNA, genes and the continuity of life or the continuity of life on Earth
demonstrated by

- competent use of scientific language and representations
- use of basic genre conventions
- use of basic referencing conventions.

¢ does not satisfy any of the descriptors above. 0

Task

Context

Investigate one of the following claims:

¢ Gene therapy can reverse ageing.

¢ DNA testing can prove genealogical ancestry.

¢ Transgenic organisms offer a viable and effective future for human health.

¢ Sustainable reserve size should be based on the data from gene pool variability.

You may identify an alternative claim in consultation with your teacher. This claim must be related to
Unit 4 subject matter.

Task

Gather secondary evidence related to a research question in order to evaluate the claim. Develop your
research question based on a number of possible claims provided by your teacher.

Obtain evidence by researching scientifically credible sources, such as scientific journals, books by well-
credentialed scientists, and websites of governments, universities, independent research bodies or
science and technology manufacturers. You must adhere to research conventions.
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Sample response

Criterion

Research and planning

Allocated marks Marks awarded

Assessment objectives 2, 5

Analysis and interpretation

Assessment objectives 3, 4

Conclusion and evaluation
Assessment objectives 4, 6

Communication

Assessment objective 7

Total

6 6
6 5
6 4
2 2
20 17

The annotations show the match to the instrument-specific marking guide (ISMG) performance-

level descriptors.

Key:
planning

Research and

Note: Colour shadings show the characteristics evident in the response for each criterion.

Research and
planning [5-6]

a considered rationale
identifying clear
development of the
research question
from the claim

The rationale shows the
process by which the
research question has
been developed from
the claim.

Research and
planning [5-6]

selection of sufficient
and relevant sources

Sources are related to
the topics covered in the
unit and are adequate
for the development of a
scientific argument that
responds to the
research question.

Rationale

Brown (2010) in the X-Men Mail recently claimed that ‘human evolution
is still occurring’. The article discussed broadly the link between cultural
practice and humans but did not detail a specific example of a scientific
case study where cultural practice was driving this supposed evolution.

Consequently, with initial research, a broad research question ‘does
cultural practice drive human evolution’ was developed based on the
initial claim. This was further refined to specifically consider human gene-
culture coevolution. A summary of this refinement and the specific
research question is detailed below.

The Homo sapien population has grown from an estimated 5 million
people in the pre-Neolithic era to an estimated 7.4 billion in 2016 (Biraben
2003) (Population Reference Bureau 2016). The exponential growth
observed in the last 50 000 years can be linked to a variety of cultural
factors that have enabled a greater portion of humans to reach
reproductive age and live longer lives (Cochran and Harpending, 2009).
Consequently, in this larger population, higher levels of gene flow and
variation occur between individuals (microevolution) and the likelihood of
macro evolutionary change is increased. This can be attributed to an
increased range of favourable, advantageous genetic combinations
arising in a population whilst smaller populations may be more likely to
experience a high degree of genetic drift. However large-scale scans
using patterns of linkage disequilibrium to detect recent selection (i.e. in
the last 10, 000 years) suggest that many genes may have evolved in
response to agriculture (Richerson et al 2010).

Biology 2019 v1.2
A3 high-level annotated sample response

Queensland Curriculum & Assessment Authority
July 2018
Page 6 of 12



Research and
planning [5-6]

a specific and relevant
research question

The response clearly
defines the research
question so sufficient
and relevant data can
be collected. The
research question is
connected to the
rationale and the topics
covered in the unit.

Analysis and
interpretation [5-6]

Scientific arguments are
evident throughout the
response. The
background shows
development of the
argument by explaining
lactose, lactase
persistence as a
phenotype, genetic
markers for LP alleles
and links these to
environmental changes.

Communication [2]

The use of headings
and paragraphs fits the
purpose of a scientific
essay.

Analysis and
interpretation [5-6]

identification of

The evidence in the
response draws upon
the available qualitative
and quantitative data to
respond to the research
question. It links directly
to the research
question.

Coevolution is the process used to describe cases where species
influence each other during their evolution. Human gene-culture
coevolution can be observed in technological advancements such as
agriculture. With the concept being that if ‘the cultural inheritance of an
environment-modifying human activity persists for long enough to
generate a stable selection pressure; it will be able to co-direct human
evolution’ (Gerbault 2011). The cultural process of managing wild cattle
into herded livestock, and consequently domestication, has its oldest
evidence dated at 10 500 BP (Helmer 2005). Thus, this environment-
modifying activity could have co-directed the evolution of lactase
persistence in humans. Therefore, this essay proposes the following
research question:

‘Is the prevalence of hypolactasia (lactose intolerance) in Finland
linked to the practice of domesticating cattle for dairy purposes?’

Background

can readily digest milk in order to grow and develop due to the presence
of the enzyme lactase in their intestine. The production of this enzyme
typically declines in adulthood removing a significant source of available
dietary carbohydrate. Some humans continue to express lactase
throughout adult life, and are thus able to digest the lactose found in fresh
phenotype is found in around 35 per cent of adults living in the world today
(Gerbault 2011).

According to Ward (2009) through tracing the genetic markers of previous
generations, that early Europeans, particularly from Sweden and
Denmark, had the capacity to digest milk, while others from China and
Africa from around a similar time period appear to have had a milk
intolerance. Gerbault (2011) supports this finding with evidence showing

Pagel (1999) also noted that there were three, distinctly different groups of
humans that appeared to independently demonstrate, through the

early Europeans. Current estimates for the age of lactase persistence-
associated alleles appear to align with the origins of the culturally
transmitted practice of dairying (Gerbault 2011).

Evidence

In Finland there are a variety of genealogies forming the genetic makeup
of the country. The population is mainly comprised of a variety of groups
of people who identify as speaking Finnish, Swedish and Norwegian.
There are also the minority (60 000 — 110 000 individuals) indigenous
people of Sapmi, a territory comprising parts of Arctic Norway, Sweden,
Finland, and Russia's Kola Peninsula, called the Sami (Bjerregaard and
Young 2008 as cited in Melbge et al 2016). According to census data
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Analysis and
interpretation [5-6]

The identified
relationships are
adequate for the
purpose of responding
to the research question
and can support a valid
conclusion. They have
direct bearing upon and
are applicable to the
formation of the
scientific argument.

statistics of Finland 2016). This minority group show differences in cultural
practices and genealogy when compared to the majority Finnish
demographic.

noticeable variance which could be explained by the access to cow's milk
between the different populations.

On one hand the Sami have traditionally participated in farming, fishing,
trapping and reindeer husbandry (breeding and herding). Their ancient
diet may have consisted of a ‘high intake of fatty fish, red meat (primarily
reindeer), fat, blood and organs, wild berries and boiled, unfiltered coffee,
and low intakes of cultivated vegetables and fruit, bread and fibre (Nilsson

Table 1: Comparison of average cow and reindeer milk

Ruminant breed | Milk description

and production

Average dairy ¢ 5.0% lactose

cow ¢ Produce approximately 30.0L per day
e 3.8 —3.9% fat
e 3.0% protein

Reindeer e 2.4 % lactose
e Produce
approximately
0.4L per day
o 22.5% butterfat

e 10.3% protein
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Table 2: Lactase persistence-associated alleles frequencies in populations of Finland

Population Lat -13915 -13907 Sum of all LP | Predicted
T>G C>G associated lactase
alleles persistence
frequency
Finns 28.00 | 65.00 | 1876 | 0.00 0.00 0.00 0.58 0.58 0.82
Saami 29.00 | 69.00 @ 60 - - - 0.17 0.17 0.31

Evaluation

There are issues associated with the evidence presented however. Haglin was the only source for information
basic.identification. of limitations.of = about the lactose percentages in reindeer’s milk. It could be assumed that this is because it is very cold in Finland

gvidence and it takes two people to milk a reindeer to get 2 cups of milk. Maybe scientists are not interested in these

Analysis and interpretation [3—4]

The response gives fundamental Rt o O T R T R e e A I I )y L R iR R i e R R e TR
limitations of the evidence. However, the reliability of this information.

this is not thorough, as the response

only shows partial identification of
limitations of the evidence. | "-reorem e e e e e AR S S TR S BT A s e S S S e R e R S

to this the technique used to obtain the data in Table 2 can only test for the alleles in the table. How do we know
that more allele types don't exist?
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Conclusion and
evaluation [3—4]

reasonable

The response gives a
sound account of the
standard of evidence.
However, the response
does not describe type |
and Il errors and
sampling techniques for
data.

Conclusion and
evaluation [5-6]

justified conclusion/s

The conclusion provides
sound reasons that
draw upon the scientific
arguments.

Conclusion and
evaluation [3—4]

The response uses
some pertinent
outcomes of the
research to address the
claim. However, the
response does not
identify the plausible
implications of other
conclusions.

Conclusion and
evaluation [3—4]

suggested

The improvements and
extensions to the
investigation are
applicable to the claim
but do not show
evidence of careful or
deliberate thought.

Communication [2]
fluent and concise use

of scientific language
and representations

The response is easily
understood, avoids
unnecessary repetition
and meets the required
length.

further research to support how the Finns and Sami differ it is difficult to
comment on this. Therefore, this would be a plausible area of further
research to find out more on.

could simply be a strong correlation. This difference means that whilst the
two variables correlate it does not mean one thing caused the other.

Conclusion
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Research and
planning [5-6]

selection of sufficient
and relevant sources

Sources are scientific
and provide enough
evidence for the
development of a
scientific argument that
responds to the
research question.

Communication [2]

acknowledgment_of
sources of information

through_appropriate

The use of a referencing
system fits the purpose
of an essay.
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