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10 Research investigation

10.1 Overview
Numerous videos and interactivities are available just where you need them, at the point of learning, in
your digital formats, eBookPLUS and learnON at www.jacplus.com.au.

10.1.1 Introduction

FIGURE 10.1 Effective research involves careful analysis of
information and evidence

Strong research skills allow us
to better understand patterns and
relationships in chemistry. Scientific
research in chemistry is based on
our fundamental understanding
of chemical structure. Research
discoveries deepen this understanding
and allow the creation of new
materials that assist us in all aspects
of our life. However, for this research
to be of benefit it must be effectively
communicated. As part of your
research investigation, you will apply
creative and critical thinking skills
to investigate discoveries that have
allowed for the development and
modification of useful materials
and chemicals. You will build skills in effective scientific communication and inquiry, and gain an
understanding of the nature of the evidence that we use to draw conclusions.

10.1.2 What you will learn

KEY KNOWLEDGE
In this topic, you will investigate:
• the characteristics of effective science communication: accuracy of chemical information; clarity of
explanation of chemical concepts, ideas and models; contextual clarity with reference to importance and
implications of findings; conciseness and coherence

• the chemical concepts specific to the investigation: definitions of key terms; use of appropriate chemical
terminology, conventions, units and representations

• the use of data representations, models and theories in organising and explaining observed phenomena
and chemical concepts, and their limitations

• the nature of evidence and information: distinction between weak and strong evidence, and scientific and
non-scientific ideas; and validity, reliability and authority of data, including sources of possible errors or bias

• the influence of social, economic, environmental and ethical factors relevant to the selected chemical
investigation.

Source: VCE Chemistry Study Design (2016–2021) extracts © VCAA; reproduced by permission.
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Resources

Digital documents Key science skills (doc-30903)

Key terms glossary — Topic 10 (doc-30958)

10.2 What is a research investigation?

KEY CONCEPTS
• The characteristics of effective science communication: accuracy of chemical information; clarity of
explanation of chemical concepts, ideas and models; contextual clarity with reference to importance and
implications of findings; conciseness and coherence

• The use of data representations, models and theories in organising and explaining observed phenomena
and chemical concepts, and their limitations

10.2.1 Why do we conduct research investigations?
A research investigation is an exploration of a scientific question or questions and presentation of findings.
In Outcome 3 you have the opportunity to find out more about an aspect of the chemistry of materials that
you have studied in Unit 1. This will involve researching, evaluating and interpreting information, and
presenting it in a cohesive, accurate and detailed report.

Researching allows us to:
• gain a comprehensive understanding to a topic and research question
• discover current and prior investigations and findings regarding a topic
• make informed decisions
• investigate patterns and relationships
• understand differences between strong evidence that has been peer-reviewed and weaker evidence that

shows bias
• understand ways to conduct and apply our research to practical approaches and the development of

new scientific understanding.

10.2.2 Planning and presenting a research investigation
When planning and conducting your research investigation, it is helpful to follow a structure in order to
make sure that your research is valuable, appropriate to the questions, and allows you to apply critical
thinking, inquiry and communication skills. You will use both your prior knowledge from topics you have
covered throughout the year, as well as gather new ideas and information to help draw conclusions. Your
investigation will be made up of three main phases, as outlined in figure 10.2.

FIGURE 10.2 Phases of research investigations

Planning phase Investigation phase Reporting phase

These three phases can be further subdivided into six steps that will help you plan your investigation
and your report. It is important to note that you may move back and forward between these steps as your
research investigation develops.
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FIGURE 10.3 Planning and presenting your research investigation
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Throughout the planning and presenting of a research investigation, it is important to consider:
• the target audience results are being communicated to
• the format of communication
• if work is independent or in groups
• if research is required outside of class time
• time allocated in class
• how work will be checked and authenticated.

10.2.3 Choosing a topic and developing a question
Investigate a topic that interests you. You may wish to consider one of the questions provided in the options
in the VCAA Chemistry Study design. Alternatively, after a discussion with your teacher, you may prefer
to respond to questions of your own choosing or have a combination of both. Typical questions begin
with how, why, what, when, who or where. Record the question(s) that you are going to investigate. These
questions may change as you start researching.

FIGURE 10.4 For this outcome, you can choose from ten topics for your research investigation.
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For Unit 1, Outcome 3, your teacher may choose to conduct the task in different ways, so it is important
to ask what is expected. Some of these different methods include the following:
• The teacher provides the list from the study design and students select their question and submit a

research proposal.
• Groups of students investigate questions and each member of the group contributes to the assessment

task in a multimedia format.
• The teacher selects questions from the study design focusing on case-study themed questions and

provides case studies for students to examine.
• The teacher selects questions that have an experimental theme and students need to provide a response

to these.
• Students need to come up with their own questions, which are then approved by the teacher.

10.2.4 Conducting your research
Once the key questions have been decided, it is time to commence your research using the abundance
of available sources. Later in this topic (in subtopic 10.4), we will investigate the nature of evidence and
information and the type of evidence you should be using in your research investigation.

FIGURE 10.5 Finding appropriate
information for your investigation takes
time and research

You should use multiple mechanisms for conducting your
research, not just the internet. Some valuable places to conduct
your research are:
• books
• newspapers
• the internet
• scientific journal articles
• scientific magazines
• podcasts
• videos
• interviews with experts in the field.
The data and research you conduct will involve the collection

of a combination of primary data and secondary data. Primary data is data that is collected by a
researcher from first-hand sources; examples include surveys, measurements or experiments. Secondary
data is analysis of data from other people’s investigations; examples include published papers or databases.
Using a combination of primary and secondary data will provide more scope and detail for your research
investigation, allowing you to focus and gain information about your chosen question.

Lots of valuable information is out there, and part of research is deciphering the right information for
your investigation and identifying information that may be irrelevant, biased or misleading. Types of
information and data will be explored further in subtopic 10.4.

10.2.5 Record your findings
Record your information in an organised way. This may be in a digital or a written format.

In your log book, you should carefully examine each piece of research. One way to do this might be to
set up a table, as shown in table 10.1.

TABLE 10.1 Organising your research

Title of research

Date accessed

Summary of information (in your own words)

Comment about the information (is it relevant?)

Reference (for bibliography)

280 Jacaranda Chemistry 1 VCE Units 1 & 2 Second Edition

UNCORRECTED PAGE PROOFS



“c10ResearchInvestigations_print” — 2019/7/26 — 18:56 — page 281 — #5

Remember to note any gaps in the information or the presence of competing opinions. You can organise
the information using highlighters to collate different groups of ideas or sections. Write a plan showing the
flow of the report and where each piece of information will be presented.

10.2.6 Analyse and interpret your information
As part of your research, it is important to analyse and interpret the information you have — both
information that is prior knowledge, and information that you have researched.

This process should involve you analysing and assessing data, exploring trends and patterns, making
generalisations and drawing conclusions. Be sure to make connections between the various sources of your
information and clearly link research back to the question you are investigating. Interpret your findings —
what do they suggest about the topic you are exploring? Do they provide answers to your question of
investigation?

Once you have recorded information from a few sources, read your notes carefully and write out
information as if you were explaining it to another person, using your own words and sentence structure.
You may also consider using a mind map to better understand the relationships between different pieces
of evidence. It is important that you understand both the content and make links between different lines of
evidence. This will help you come to a conclusion.

When drawing conclusions, you should summarise and tie together the findings of your report and
reflect back on the introductory paragraph. This might provide the opportunity to suggest areas for further
investigation and reflect on your learning, but it should not include any new information.

10.2.7 Present a report of your research investigation
Decide how you will present your report. The various ways of presenting a report include:
• written format
• poster
• slideshow
• video
• animation
• oral presentation
• information pamphlet
• community campaign.
Check the requirements from your teacher for this task, because they may have a set way they wish for

you to present.

10.2.8 Acknowledge your information
It is important that you do not plagiarise your research material. Changing a few words or reorganising
a few sentences does not make the work your own. If you are quoting another person, make this clear by
using quotation marks, and remember to cite the author. For information on how to cite information, refer to
topic 20 (section 20.11.8). It is important to make sure that when you reference your sources that you do so
using a standard referencing format such as the Harvard style. This ensures that anyone reading your work
can easily go back to the initial source.

Acknowledging tables and images
Tables and images can be very effective at summarising large amounts of data and providing added interest;
however, they need to be relevant and referenced. Images and data may be covered by copyright. Data
should always be accompanied by a source line to demonstrate where it was found. Copyright-free images
may be identified by a Creative Commons icon or using ‘usage rights’ in an advanced Google search
engine. Many websites also have Creative Commons usage rights such as Wikimedia Commons.
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Many different icons in Creative Commons determine how you can use an image as shown in Figure 10.6.
Because you will be using your images in a non-commercial setting, it is often easier to get permissions,
but it is important to note what is required when an image (or other work) is used.

Creative Commons requirements may include the following:
• Attribution (BY): Referencing the image with the copyright holder’s identity is required.
• No Derivative (ND): Altering or remixing the image (or other work) is not permitted.
• Non-commercial (NC): The image (or other work) is only available for non-commercial purposes (not

for financial gain).
• Share-alike:Works that are adaptations or derivatives of the work need to be under the same license as

the original.

FIGURE 10.6 Different icons involved in Creative Commons

Some work is in the public domain and may be used freely, without any issues regarding attribution and
derivatives. The image for the public domain is shown in figure 10.7. Some examples of websites that have
images in the public domain include Pexels, Pixabay and Unsplash. While including attribution or crediting
the owner of the images is not required, it is always good practice to acknowledge your sources.

FIGURE 10.7 Images and media in the public domain can be used without copyright issues. Sometimes, only the
icon with the crossed-out C is shown.

10.2 EXERCISE
To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au.

1. Why is it important to conduct research investigations?
2. Explain why using a poster is a beneficial way to communicate the findings in a research investigation.
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3. You find an image that you would love to include on your report. Under copyright, it has the letters ‘BY’ and
‘NC’. What does this mean and would you be able to use the image in your report?

4. An investigation is being conducted on the use of nuclear energy instead of coal in Australia. Identify two
examples of primary data and two examples of secondary data you may collect that is relevant to this
investigation.

Fully worked solutions and sample responses are available in your digital formats.

10.3 Effective science communication

KEY CONCEPTS
• The characteristics of effective science communication: accuracy of chemical information; clarity of
explanation of chemical concepts, ideas and models; contextual clarity with reference to importance and
implications of findings; conciseness and coherence

• The chemical concepts specific to the investigation: definitions of key terms; use of appropriate chemical
terminology, conventions, units and representations

• The use of data representations, models and theories in organising and explaining observed phenomena
and chemical concepts, and their limitations

• The influence of social, economic, environmental and ethical factors relevant to the selected chemical
investigation

10.3.1 Characteristics of effective science communication
Communicating effectively in science allows trends and patterns to be clearly seen, provides support for
research and deepens conceptual understanding. Clear communication also provides context regarding the
importance and implication of findings. Science communication is effective when others can read a report
and gain clarity and understanding of the information and research undertaken.

Methods that assist in effective communication include the following:
• using correct and relevant terminology and explaining all scientific terms
• dividing the report into paragraphs and, where necessary, using subheadings to separate ideas
• taking care with punctuation, spelling and grammar
• having accurate chemical information, including using correct formulas
• making sure that all information has context and is important to your findings
• being concise and sticking to provided word limits — it is better to have a succinct 100-word summary

than 500 words of irrelevant information where your key ideas are hard to distinguish
• offering clear explanations of chemical concepts, ideas and models found in your research and your

report
• considering the audience you are writing for when establishing the ways you should communicate

your findings.

Using chemical concepts specific to investigations
In a specialised field such as chemistry, communication can be improved by providing definitions of
key terms, and using appropriate chemical terminology, conventions, units, representations, models and
theories. This helps prevent misunderstandings in your communication and allows ideas to be presented
clearly. Chemistry frequently uses capital letters, superscripts and subscripts to convey information and
these should be applied with care. For example, CO is carbon monoxide, while Co is the element cobalt.
Chemical formulas should always include the use of subscripts and superscripts where appropriate; for
example, the formula for water should be written as H2O, not H2O.
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Each of these ideas will be further detailed in topic 20, but are outlined briefly in table 10.2.

TABLE 10.2 Chemical concepts specific to investigations

Chemical concept Use Limitations

Definition of key
terms

Allows for a clear understanding of the
meaning of terminology in the context
of the investigation

Uncertainty exists about which specific
words need to be defined.

Chemical terminology Allows for individuals reading a report
to contextualise the information to
chemistry concepts

Similar words can be used to describe
an identical concept or a phenomenon,
which leads to confusion.

Conventions Provides a set of standards followed
in reporting and investigations (e.g.
including an introduction, aim and
conclusion)

Some conventions are unclear and so
are changed, leading to confusion when
different conventions are used.

Units Provides an international set of units
(SI) for measurements, allowing for
easy comparisons between different
research investigations

Units may need to be converted (i.e.
from kilograms to grams); care should
be taken to avoid a misinterpretation
of data.

Representations Shows certain chemistry aspects
using symbols and models that make
communication easier and clearer

This can lead to oversimplification of
concepts by only representing them
rather than showing all detail.

Models Provides an explanatory framework to
assist with understanding observed
phenomena and abstract concepts

This oversimplifies concepts because
they cannot be true representations
of real-world conditions or show all
details.

Theories Outlines a well-supported explanation
of phenomena, based on investigation,
research and observations

Can rely on specific conditions being
met which are not always realistic.
Phenomena often need to be described
with multiple theories.

10.3.2 The influence of social, economic, environmental
and ethical factors
Many factors can have a great impact of the information obtained and the presentation of your research
investigation, other than just scientific factors.

It is important to incorporate these factors in your investigation and understand the ways they affect
findings and results.

Social factors
In your investigation, you need to have an understanding of factors that underpin the development, use
and modification of chemicals and materials. One of the largest facets to consider is social factors. Social
factors are those that shape the behaviours and thoughts of individuals. This involves the historical, cultural
and political aspects of a population. It is vital to understand how new discoveries or changes to current
discoveries affect both individuals and society as a whole.

When creating new chemicals and materials, researchers need to understand society in order to enhance
marketability of the product. They need to make sure that the product will have long- and short-term
benefits for individuals. This may be done through the use of surveys, focus groups and opinion polls.
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Social factors also affect ideas such as education of individuals and their understanding and interpretation
of information being presented to them. When researching, it is vital to gain an understanding of how
society will be involved with the use of the product, because this in turn will affect the supply and demand
of a new development.

An example of this may be in the creation of a new material that can be used as a contraceptive. This
would affect societies in various ways — some individuals would be opposed to the use of contraception
for cultural or religious reasons, or political interference may prevent the new material being imported
into their country. It may be that the contraceptive was designed to better protect against HIV, which is
prevalent in different levels in various populations, so may have very different demands based on societal
requirements. Understanding social factors is vital to understanding the viability of the manufacturing and
altering of chemicals or materials, because the behaviours and thoughts of society can be a huge barrier.

Economic factors
Economic factors are a large part of research. These factors relate to the cost of not only conducting
investigations but also acquiring talent, identifying, applying and developing chemicals, and analysing
scientific information to draw conclusions.

Research is very reliant on economic factors, in the form of grants to conduct investigations. It is
important to be aware of the economic situation of where you are getting your information from, because
research may be incomplete or rushed due to the loss of funding.

It is also important to consider bias in research due to financial incentives and funding from external
companies. Sometimes, data is skewed or misrepresented due to financial reasons — it may be that research
is being funded by a source that wants data represented in a way that is favourable for their intentions.
This greatly affects the validity of data collected and research conducted. When looking at research, it is
important to check that no conflict of interest exists that may lead to bias.

Another example of economic factors in chemistry research is the access to different research based on
cost (some academic journals are quite expensive to download, while others are free). This can affect the
availability of information to different socio-economic groups.

Finally, in investigating your topic, it is vital to understand the economic viability of the development
of new materials and chemicals — will they provide significant benefit to others to an extent that they are
profitable?

Environmental factors

FIGURE 10.8 Symbol showing a chemical is
hazardous to the aquatic environment

Considering environmental factors is important in
many areas of your chemistry representation. When
synthesising and developing new chemicals and
materials, the impact of the environment must be
considered. This is evident in our search for new
sources of fuel that are renewable; and in creating new
materials that are biodegradable and do not build up in
the environment and cause harm.

Symbols are often used on chemical products to alert
the user to potential hazards. For example, the symbol
seen in figure 10.8 means that the chemical is harmful
to aquatic life. This is particularly important with the
disposal of chemicals and how they can cause harm to
the environment.

An example of a topic that focuses on environmental
factors is in the creation of biodegradable surfactants.
By creating biodegradable resources, the environment is
less likely to be harmed during the manufacture, use and
disposal of new materials and chemicals.

TOPIC 10 Research investigation 285

UNCORRECTED PAGE PROOFS



“c10ResearchInvestigations_print” — 2019/7/26 — 18:56 — page 286 — #10

Sometimes, environmental issues are unintentional, in which chemicals or materials designed for
beneficial purpose are found to have drastic effects in the long-term because they are retained in the
environment. This is important to consider in investigations, because often long-term effects are difficult
to study and so can be neglected.

Ethical factors
FIGURE 10.9 The impact of chemicals on the
environment must be considered at all stages, from
manufacture to disposal.

When conducting research, ethics are vital to
consider; that is, the morals around what actions
are correct or incorrect. In the development of new
materials and chemicals, and the adaptations of
current materials and chemicals, it is important to
take into consideration ethical implications of both
the results and the method of the research being
conducted.

This includes the process of testing and checking
that informed consent and confidentiality were
provided to those involved in the study. It is
important that the risks involved are made
exceptionally clear to individuals taking part in
studies.

Ethics are also involved in the data and research presented. Authors of research may choose to select the
best information to include in their data, leading to a misrepresentation of the information and conclusions
drawn. It is important to be able to carefully analyse the research you are investigating for bias (both
economic and ethical) that may lead to a lack of validity of results. Research that has been conducted
unethically should not be used for your investigation.

An example of this was in the MMR (mumps, measles and rubella) vaccine and autism controversy,
in which Andrew Wakefield published a paper arguing a link existed between the MMR vaccination and
autism. In this paper (which has since been redacted), data was falsified to show that the MMR vaccination
caused autism. A significant bias existed in the individuals chosen to examine as well as issues relating to
the limited sample size (only 12 individuals were used in the sample). However, as a result of this paper,
vaccination rates began to drop. Despite the paper being redacted and many elements shown to be false, the
impact of this unethical paper is still felt today. This shows how important it is to carefully read not just the
conclusions drawn in a paper, but the way the data was collected and research carried out.

FIGURE 10.10 An X-ray showing a child whose
mother took thalidomide during key stages of the
child’s development

Use of the chemical thalodomide demonstrates
very serious ethical issues in research. In the 1950s,
thalidomide was prescribed to treat morning
sickness in tens of thousands of pregnant woman.
Soon after it was introduced, it was found to cause
significant birth defects in babies whose mothers
took thalidomide during certain stages of pregnancy.
This tragedy highlights the very serious ethical
concerns of releasing an inadequately tested drug
to the general public. The impact of this drug
completely changed the ways new drugs are tested,
particularly the ethical considerations in drug trials.
It has inadvertedly created another ethical concern;
because of this disaster, more animal testing is now
conducted.
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FIGURE 10.11 Thalidomide exists in two mirror image forms: (a) the R-isomer and (b) S-isomer. One has sedative
actions and the other causes birth defects. However, in the body, the two isomers interconvert.

(a) (b)

10.3 EXERCISE
To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au.

1. Describe why effective science communication is required for your research investigation.
2. Why is important to use standard units in scientific reporting?
3. Explain the difference between models and theories.
4. An investigation is conducted into the synthesis of a new drug used to treat cystic fibrosis. For this research

investigation, identify one of each of the following factors: social, economic, environmental and ethical
factors.

Fully worked solutions and sample responses are available in your digital formats.

10.4 The nature of evidence and information

KEY CONCEPT
• The nature of evidence and information: distinction between weak and strong evidence, and scientific and
non-scientific ideas; and validity, reliability and authority of data, including sources of possible errors or bias

10.4.1 Weak and strong evidence
In your research investigation, it is important that you can recognise the difference between strong and
weak evidence to gain the best possible information for your report.

Research and investigations that have strong evidence include the following features:
• a basis in facts derived from studies with high validity and minimal bias
• statistical evidence to support conclusions
• a clear distinction between correlation and causation — two variables may often have some

correlation (they both increase, for example), but have no causation (one variable does not cause the
change in value in the other)

• data from investigations that have a reproducible and reliable method — reliable methods include
those that are double-blind, randomised and have a placebo or a control

• peer-reviewed research formed from scientific ideas.
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FIGURE 10.12 Strong evidence involves many facets
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Weak evidence usually cannot be supported by facts and data. It may be more subject to bias and
misinterpretations, may not clearly address the question being asked or may draw conclusions that are
inappropriate to the research and data obtained.

10.4.2 Scientific and non-scientific ideas
For this investigation, it is important to distinguish between scientific and non-scientific ideas. Think about
the components of scientific reporting — clear evidence; acknowledgement of limitations, uncertainties
and errors; a concise investigation including data and an analysis of results; and conclusions relating to a
research question.

Many sources, especially on the internet, are not scientific in nature and do not have a high level of
validity to use for research. It is important to gain an understanding of the reliability and authority of
sources you are using.

10.4.3 Reliability and authority of sources
As part of research investigation, finding reliable sources with a high level of authority is vital to allow for
the most valid conclusions to be drawn in your investigation.

Government websites and those from educational institutions and established organisations are usually
reliable. When using other websites, it is a good idea to look for dates and research the authors to see if
the information is verifiable and current. Evaluate your information by comparing it with other websites or
other sources. It is important to check for conflicts of interest when examining authors of a site, because
this can greatly influence the data shown and the conclusions drawn. You should also check carefully if
a website can easily be altered by the public (such as social media), because this is far less reliable than
published works. A clue to the source, and potentially the reliability, of a website can be found in the
generic top-level domain name. These are the abbreviations found after the ‘dot’ in a website address.
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Table 10.3 provides some examples of common generic top-level domain names. Remember that a website
address ending in ‘.au’ means that it is registered in Australia, but some non-governmental Australian
websites are registered in the United States and will not include the ‘.au’.

TABLE 10.3 Examples of generic top-level domain names

Domain name
contains Source

.gov.au Australian federal, state, territory and local government entities; cannot be edited by the
general public

.gov United States government entities; cannot be edited by the general public

.edu.au Limited to educational institutions including schools and universities; cannot be edited
by the general public

.edu Largely limited to American higher educational institutions (universities and colleges;
not schools); cannot be edited by the general public

.org Intended for use by not-for-profit organisations; some webpages can be edited by the
public (for example, Wikipedia.org)

.com.au Intended for commercial use, but now used within Australia across a range of sectors
including businesses, not-for-profits, schools, individual people

.com Intended for commercial use, but now used within the United States across a range of
sectors including businesses, not-for-profits, schools, individual people

.net Intended for networking technology organisations such as internet service providers,
but now used across a range of sectors including businesses, not-for-profits, schools,
individual people

It is important to search not just on the web, but also podcasts, journals, videos and books. When using
online resources, make use of an advanced search to find a key phrase, recent document or a particular file
type such as a PowerPoint (.pptx) or a PDF (.pdf).

Peer-reviewed work
A large amount of information is available to assist with your research investigation.

For stronger evidence, it is important to use work that has been peer-reviewed. In science, this is work
that has been reviewed for quality of research, experimental reproducibility, accuracy and validity, and
adheres to the required standards of a journal. Peer-reviewed work is checked for bias before publication
is submitted, usually by a board of reviewers or independent experts who have no conflict of interest with
the work being examined. The process for peer reviewing is outlined in figure 10.13.

Peer-reviewed work provides stronger evidence, because it has been accepted to be scientifically valid,
based on facts, and to draw appropriate conclusions.

Unfortunately, while peer-reviewed articles are useful, they are not perfect. Usually, during reviewing,
recommendations are made for required improvements and further explorations. In the case of articles in
which in-depth experimental work has been completed, it is often not possible for a reviewer to replicate
this work to test its validity and, therefore, it can be hard to determine the accuracy of the outlined
conclusions.

It is good to find multiple peer-reviewed journals that show similar ideas and draw similar conclusions.
Research articles may also cite other peer-reviewed articles, which may be useful to use as part of your
research investigation.
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FIGURE 10.13 Process for articles to be peer-reviewed
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Some examples of peer-reviewed chemistry journals include:
• Accounts of Chemical Research
• Acta Crysallographica
• Advanced Materials
• Angewandte Chemie
• Australian Journal of Publishing
• Bulletin of the Chemical Society of Japan
• Canadian Journal of Chemistry
• Chemical Communications
• ChemBioChem
• Chemistry: A European Journal
• Chemical Reviews
• Chemistry Letters
• Helvetica Chimica Acta
• Journal of the American Chemical Society (JACS)
• Journal of Chemical Sciences
• New Journal of Chemistry
• Nature Chemistry
• Open Chemistry.

FIGURE 10.14 Three peer-reviewed academic journals

Another way to access strong sources of evidence is conducting web searches through Google Scholar.
Rather than searching for information across all websites, Google Scholar only searches through from
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academic literature. This may include a variety of information sources from academic publishers,
universities and government websites.

10.4.4 Sources of error and bias
Many sources of error and bias exist, and these need to be taken in to consideration when conducting
research. No experiment or investigation is perfect; human error, random error or systematic errors
can affect the collection and interpretation of data. Errors may include uncalibrated machines being used
(leading to results that are constantly inaccurate). Therefore, it is important to not have all your research
based on one piece of information, but rather allow for a broader sample to reduce the effect of errors that
may have occurred. Errors are further investigated in topic 20 (in section 20.7.4).

Bias also has a great impact on research, in which results are influenced by external factors. Bias may
occur for a variety of reasons. Researchers may have a conflict of interest in the investigation, in which
specific results are desired. This may be for financial gain, career aspirations or personal reasons. It is
important to ensure that minimal bias exists in investigations. Bias is further examined in topic 20
(section 20.5.5.)

Some examples of bias are outlined in table 10.4

TABLE 10.4 Types of bias

Type of bias Outcome Example

Measurement Manipulating results and measurements to
get a desired outcome

Changing the results of individuals on a
placebo versus an experimental drug

Selection Not randomly assigning individuals Deliberately assigning family members or
those with a milder form of an illness to the
test group

Sampling Subjects not being representative of the
population

Selecting only individuals under 25 to test a
new drug designed for woman of all ages

Response Only certain individuals choosing to
be part of a trial, which may not be
representative of everyone

Only individuals in a high socioeconomic
area chosen to take part

10.4.5 Research investigation checklist
Before completing your research investigation, use the following as your final checklist.

Have you:
⃞ understood your topic sufficiently
⃞ used your own words
⃞ included an introduction with an outline of what the topic is about
⃞ communicated the information clearly, logically and accurately
⃞ used correct chemical units and terminology
⃞ explained important scientific terms
⃞ referred to relevant chemical theories or models
⃞ checked whether your information is reliable and trustworthy
⃞ considered related ethical, environmental and social impacts where necessary
⃞ referenced all diagrams and tables
⃞ presented the report in an appropriate and succinct form that would be understood by a fellow student
at this level

⃞ written a concluding paragraph that relates back to the introduction
⃞ provided a detailed bibliography?
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10.4 EXERCISE
To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au.

1. Describe three aspects found in strong evidence as opposed to weak evidence.
2. Describe the difference between scientific and non-scientific ideas.
3. Why is it useful to use journals and articles that are peer-reviewed?
4. A researcher wants to show that a new drug decreases cancer growth by 5%. He selects those with early

stage tumours to test the drug on and those with late stage tumours as the control group who are treated
with a placebo. Identify and describe what type of bias this is.

Fully worked solutions and sample responses are available in your digital formats.

10.5 Review
10.5.1 Summary
Why do we conduct research investigations?

• A research investigation is an exploration of a scientific question or questions and presentation of
findings.

• Research allows for the evaluation, interpretation and presentation of information to show trends and
patterns, and to draw conclusions.

• An investigation involves the process of selecting a topic and developing a question, conducting
research and recording findings, analysing and interpreting information, presenting a report and
acknowledging sources.

Effective science communication

• Effective science communication involves accuracy, contextualisation of findings to the research
questions, clarity in explaining chemical concepts, ideas and models, conciseness and coherence.

• It is important to be able to clearly incorporate concepts specific to the investigation through the use of
definitions, terminology, conventions, units, representations, models and theories.

• It is vital to consider a variety of factors that influence both researched information and the
presentation of information. These include social, economic, environmental and ethical factors.

The nature of evidence and information

• It is important to use strong evidence to better back up your statements in your research.
• Strong evidence should use statistical evidence, distinguish between correlation and causation, have

high validity and minimal bias and be clearly reproducible.
• The use of peer-reviewed journal articles is a clear example of strong evidence, in which work has

been carefully reviewed for accuracy by a panel of subject-matter experts and academics.
• It is important to be aware of the impact of bias and error when using evidence and information, and

understand how this affects results and conclusions drawn.

10.5.2 Key terms

bias the intentional or unintentional influence on a research investigation
causation when one factor or variables directly influences the results of another factor or variable
control a group that is not affected by the independent variables and is used as a baseline for comparison
correlation measure of a relationship between two or more variables
double-blind type of trial in which neither the participant nor the researcher is aware of which participants are in

a control or experimental group
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human error mistakes made by individuals conducting an investigation, such as mistakes in entering data or the
use of the wrong type of chemical in a reaction

peer-reviewed work that has been reviewed for quality of research, experimental reproducibility, accuracy and
validity

placebo substance or treatment that is not designed to affect an individual (used as a control)
plagiarise to copy or use information from a source without referencing it and pass it off as your own
primary data direct or firsthand evidence about some phenomenon
random error chance variations in measurements
randomized making sure that the assigning of individuals to an experimental or a control group is random and is

not influenced by external means
secondary data comments on or summaries and interpretations of primary data
systematic error errors that affect the accuracy of a measurement that cannot be improved by repeating an

experiment

Resources

Digital documents Key terms glossary — Topic 10 (doc-30958)
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