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Preface

This fifth edition of Data Analytics VCE Units 3 & 4 incorporates the changes to the VCAA
VCE Applied Computing Study Design that took effect from 2020.

This textbook looks at how individuals and organisations use, and can be affected by,
information systems in their daily lives.

We believe that teachers and students require a text that focuses on the Areas of Study
specified in the Study Design and which presents information in a sequence that allows
easy transition from theory into practical assessment tasks. We have, therefore, written this
textbook so that a class can begin at Chapter 1 and work their way systematically through
to the end. Students will encounter material relating to the key knowledge dot points for
each Outcome before they reach the special section that describes the Outcome. The
Study Design outlines key skills that indicate how the knowledge can be applied to produce
a solution to an information problem. These Outcome preparation sections occur regularly
throughout the textbook and flag an appropriate point in the student’s development for each
Outcome to be completed. The authors have covered all key knowledge for the Outcomes
from the Data Analytics VCE Units 3 & 4 course.

Our approach has been to focus on the key knowledge required for each school-assessed
Outcome, and to ensure that students are well prepared for these; however, there is
considerable duplication in the Study Design relating to the knowledge required for many of
the Outcomes. We have found that, with an Outcomes approach, we are covering material
sometimes several times. For example, knowledge of a problem-solving methodology is listed
as key knowledge for many different Outcomes. In these cases, we have tried to provide
a general coverage in the first instance, and specifically apply the concept to a situation
relevant to the related Outcome on subsequent encounters.

The authors assume that teachers will develop the required key skills with their students
within the context of the key knowledge addressed in this textbook and the resources
available to them.

We have incorporated a margin column in the text to provide additional information and
reinforce key concepts. This margin column also includes activities that relate to the topics
covered in the text and considers issues relevant to information systems usage.

Outcome features appear at several points in the book, indicating the nature of the tasks
that students undertake in the completion of the school-assessed Outcome. We have listed
the steps required to complete the Outcome, together with advice and suggestions for
approaching the task. We have also described the output and support material needed for
submission. You will also find sample tasks and further advice relating to the Outcomes are
available at https://nelsonnet.com.au.

The chapters are organised to present the optimum amount of information in the most
effective manner. The book is presented in concise, clearly identified sections to guide
students through the text. Each chapter is organised into the sections described on pages
vii-viii.
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How to use this book

KEY KNOWLEDGE D

The key knowledge from the VCE Applied Computing Study Design that you will cover . . . . . . .
in each chapter is listed on the first page of each chapter. The list includes key knowledge - = - = - = - -~ - -~

specified in the Outcome related to the chapter.

FOR THE STUDENT oo

Each chapter’s opening page includes an overview of that chapter’s contents so that you are

aware of the material you will encounter.

FOR THE TEACHER L

This section is for your teacher and outlines how the chapter fits into the overall study of

Data Analytics, and outlines how the material relates to the completion of Outcomes. =« =+ =+ = - o

CHAPTERS ool

The major learning material that you will encounter in the chapter is presented as text, - . . - . . .

photographs and illustrations. The text describes in detail the theory associated with the

stated Outcomes of the VCE Applied Computing Study Design in easy-to-understand

language. The photographs show hardware, software and other objects that have been - = = = = = °

described in the text. lllustrations are used to demonstrate concepts that are more easily

explained in this manner. RS R R AR FE R H

Throughout the chapter, glossary terms are highlighted in bold and you can find their

definitions at the end of each chapter, in Essential terms. JH YRR

The School-assessed Task Tracker at the bottom of every odd-numbered page provides ~ = = * * * °

you with a visual reminder to help you track your progress in the School-assessed Task (SAT),
which is derived from Unit 3, Outcome 2 and Unit 4, Outcome 1, so that you can complete E
THINK ABOUT

all required stages on time.

MA R G | N Co LU M N Project management
tools are useful to find
The margin column contains further explanations that support the main text, weblink icons,  RLEFELEERNTLEY

additional material outside the Study Design and cross-references to material covered °FPel:’P|e.".ee:e_dI:’"d
. . . . a task so it I1s hinishe
elsewhere in the textbook. Issues relevant to Data Analytics that you can discuss with your

. . K ) as quickly as possible
classmates are also included in the form of ‘Think about Data Analytics’ boxes. without anyone being

idle. Use software to

CHAPTER SUMMARY develop a Gantt chart
to plan the baking of a

The chapter summary at the end of each chapter is divided into two main parts to help you cake. Assume you can
use as many COOkS as

review each chapter.
you want.

Essential terms are the glossary terms that have been highlighted throughout the chapter.
The Important facts section is a list of summaries, ideas, processes and statements

relevant to the chapter, in the order in which they occur in the chapter. =~~~ = -~

vii
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TEST YOUR KNOWLEDGE

Short-answer questions will help you to review the chapter material. The questions are
grouped and identified with a section of the text to allow your teacher to direct appropriate
questions based on the material covered in class. Teachers will be able to access answers to
these questions at https://nelsonnet.com.au.

APPLY YOUR KNOWLEDGE

Each chapter concludes with a set of questions requiring you to demonstrate that you
can apply the theory from the chapter to more complex questions. The style of questions
reflects what you can expect in the end-of-year examination. Teachers will be able to access
suggested responses to these questions at https://nelsonnet.com.au.

PREPARING FOR THE OUTCOMES

This section appears at points in the course where it is appropriate for you to complete an
Outcome task. The information provided describes what you need to do in the Outcome,
the suggested steps to be followed in the completion of the task and the material that needs
to be submitted for assessment.

NELSONNET

The NelsonNet student website contains:
+ multiple-choice quizzes for each chapter, mirroring the VCAA Unit 3 & 4 exam
+ additional material such as spreadsheets and infographics.
An open-access weblink page is also provided for all weblinks that appear in the margins
throughout the textbook. This is accessible at https://nelsonnet.com.au.
The NelsonNet teacher website is accessible only to teachers and it contains:
+ answers for the Test your knowledge and Apply your knowledge questions in the book
+ sample School-assessed Coursework (SAC)
» chapter tests

+ practice exam.

Please note that complimentary access to NelsonNet and the NelsonNetBook is only
available to teachers who use the accompanying student textbook as a core educational
resource in their classroom. Contact your sales representative for information about access
codes and conditions.

HOW TO USE THIS BOOK

9780170440875



Ovutcomes

 OUTCOME

Unit 3
Area of Study 1

Outcome 1

' Data and
information

Approaches to

problem solving

Interactions and
impact

Key skills

9780170440875

Data analytics

On completion of this unit the student should be able to respond to teacher-provided solution
requirements and designs to extract data from large repositories, manipulate and cleanse data and
apply a range of functions to develop software solutions to present findings.

techniques for efficient and effective data collection, including methods to collect census,

Geographlc |nFormat|on System (GIS) data sensor, sOC|a| medla and weather

factors |nﬂuencmg the integrity of data |nc|ud|ng accuracy, authent|C|ty, correctness,
reasonableness, relevance and tlmellness

sources of, and methods and technlques For acquiring authentlc data stored in large
repositories

methods for referencing primary and secondary sources, including American Psychological
Association (APA) referencing system

characteristics of data types

methods For documentlng a problem, need or opportunity

methods For determlnlng solutlon reqwrements, constraints and scope

naming conventions to support eFﬁuent use of databases spreadsheets and data V|sua||sat|ons

a methodology for creating a database structure: identifying entities, defining tables and fields
to represent entities; defining relationships by identifying primary key fields and foreign key

ﬁelds deﬁnlng data types and ﬁeld sizes, normallsatlon to th|rd normal Form

deslgn tools for representing databases spreadsheets and data vnsua||sat|ons |nc|ud|ng data
dictionaries, tables, charts, input forms, queries and reports

design principles that influence the Functlonahty and appearance of databases spreadsheets
and data visualisations

functions and techniques to retrieve required information through querying data sets,
including searching, sorting and filtering to identify relationships and patterns

software functions, techniques and procedures to efficiently and effectively validate,
manipulate and cleanse data including files, and applying formats and conventions

types and purposes of data visualisations

formats and conventions applied to data visualisations to improve their effectiveness for
intended users, including clarity of message

methods and techniques for testing databases, spreadsheets and data visualisations

reasons why organisations acquire data

interpret solution requirements and designs to develop data visualisations

|dent|fy, select and extract relevant data from |arge reposltorles

use a standard referencmg system to acknowledge intellectual property
organlse mampulate and cleanse data usmg database and spreadsheet software

select Justncy and apply Functlons formats and conventions to create efFectwe data V|sua||sat|ons

develop and apply suitable vahdatlon and testmg technlques to software tools used

pp- 6-10
pp- 20-23
pp- 10-13

pp- 14-16

pp- 16-18
p. 37

pp- 46-9, 84

pp- 37-9, 84-93

pp- 74-5

pp- 80-2, 88
pp- 25-31
pp- 39-45
pp- 96-106

p. 4

pp- 37,167-71
pp-4,9-13
p 14

pp745808

pp- 39- 45
pp- 24-5



OUTCOME

Unit 3 Data analytics: Analysis and design
Area of Study 7J. On completion of this unit the student should be able to propose a research question, formulate
Outcome 2 a project plan, collect and analyse data, generate alternative design ideas and represent the
preferred design for creating infographics or dynamic data visualisations.

Digital systems « roles, functions and characterlstlcs of dlgltal system components I p. 148-52
+ physical and soFtware secunty controls used by organisations for protectlng stored and 152-8
communicated data P-
Data and « primary and secondary data sources and methods of collecting data, including interviews, 128
information observation, querying of data stored in large repositories and surveys P
. technlques for searchlng, browsmg and downloadlng data sets p. 126
« suitability of quantltatlve and qualltatlve data for manlpulatlon . p-129-30
« characteristics of data types and data structures relevant to selected software tools p. 136-7
« methods for referencing secondary sources, including the APA referencing system l p. 137-9
« criteria to check the integrity of data, including accuracy, authenticity, correctness, 139-47
reasonableness, relevance and timeliness P
« techniques for coding qualitative data to support manipulation I p. 130-6
Approaches to « features of a research question, including a statement identifying the research question as an 124-6
problem solving information problem P-
« functional and non-functional requirements, including data to support the research question, ' 167-71
constraints and scope P
. types and purposes of infographics and dynamlc data V|sua||sat|ons p- 190-8
« design principles that influence the appearance oF mFographlcs and the Functlonallty and 171-6
appearance of dynamlc data visualisations P
« design tools for representing the appearance and functionality of infographics and dynamlc 187-9
data visualisations, including data manipulation and validation, where appropriate P-
» techniques for generating alternative design ideas | p. 176-85
« criteria for evaluating alternative design ideas and the efficiency and effectiveness of 185-7
infographics or dynamic data visualisations P-
» features of project management using Gantt charts, including the identification and I 14-23
sequencing of tasks, time allocation, dependencies, milestones and the critical path P
Interactions and + key legal requirements for the storage and communication of data and information, including 307-14
impact human rights requirements, intellectual property and privacy p-
Key skills « frame a research question . p-124-6
+ analyse and document requirements, constraints and scope of infographics or dynamic data 167171
visualisations PP
- apply technlques for searchlng, downloadlng, browsnng and referencnng data sets . p. 126
+ select and apply design tools to represent the Functlonallty and appearance of infographics or 187-9
dynamlc data visualisations P-
+ generate alternatlve de5|gn |deas I p. 176-85

X OUTCOMES

9780170440875



. develop evaluation criteria to select andJustlfy preferred de5|gns p 185 7
‘ + produce detalled de5|gns using approprlate de5|gn methods and technlques p- 187 98
| - propose and apply appropriate methods to secure stored data - p.152-8
‘ « create, monitor and modify project plans using software p. 114-23
4 Data analytics: Development and evaluation
ea o . On completion of this unit the student should be able to develop and evaluate infographics or
Outcome dynamic data visualisations that present findings in response to a research question, and assess

the effectiveness of the project plan in monitoring progress.

Digital systems « procedures and techniques for handling and managing files, including archiving, backing up, 214-20
dlsposmg oF ﬁles and securlty PP
. the Functlonal capabllltles of software to create |nfographlcs and dynamlc data V|sua||sat|ons p- 220
Approaches to » characteristics of information for educating targeted audiences, including age appropriateness, 221-9
problem solving commonallty of |anguage culture mclusweness and gender P-
« characteristics of eFﬁcnent and eFFectlve mFographlcs and dynamlc data vnsuallsatlons - p.221-34
« functions, techniques and procedures for efficiently and effectively manipulating data using 234238
soFtware tools PP ’
. techmques for creatlng mfographlcs and dynamlc data V|sua||sat|ons pp. 238-42
» techniques for validating and verifying data p. 243
. technlques for testlng that solutlons perform as |ntended pp- 244-8
« techniques For recordlng the progress of prOJects |nc|ud|ng adJustments to tasks and 250-3
tlmeframes annotations and |ogs PP
. strategles for evaluatlng the eFFectlveness oF |nfograph|cs and dynamlc data V|sua||sat|ons 248-50
solutions and assessing project plans PP-
Key skills - monitor, modlfy and annotate the prOJect plan as necessary - p 251
+ propose and |mp|ement procedures for managlng files pp 214 20
. select and apply software functions, conventlons, formats, methods and technlques to develop 2378
|nfograph|cs or dynamlc data V|sua||sat|ons PP
. select and apply data valldatlon and testlng technlques, makmg any necessary modlﬁcatlons _ pp- 243-8
» apply evaluation criteria to evaluate the efficiency and effectiveness of infographics or dynamic 248-50
data V|sua||sat|ons solutions PP
. assess the efFectlveness of the prOJect plan in managing the PFOJeCt pp- 254-5

OUTCOMES  xi
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OUTCOME

Unit 4 Cybersecurity: Data and information security

Area of Study 74 On completion of this unit the student should be able to respond to a teacher-provided case
QOutcome 2 study to investigate the current data and information security strategies of an organisation,
examine the threats to the security of data and information, and recommend strategies to
improve current practices.

Digital systems « characteristics of wired, wireless and mobile networks pp- 263-71
+ types and causes of accidental, deliberate and events-based threats to the integrity and 272-5
securlty oF data and |m°ormat|on used by organlsatlons PP
+ physical and software securlty controls for preventing unauthorlsed access to data and 275_84
|nformat|on and For mlnlmlsmg the |oss of data accessed by author|sed and unauthorlsed users PP
. the ro|e of hardware, software and technlcal protocols in managing, controlllng and securing pp. 284-9
data in information systems
+ the advantages and disadvantages oF using network attached storage and cloud computing for 289-90
storing, communicating and disposing of data and information PP
Data and « characteristics of data that has integrity, including accuracy, authenticity, correctness, 20-3
information reasonableness, relevance and timeliness | PP-
Interactions and « the importance of data and information to organisations 208
impacts p-
+ the importance of data and information security strategies to organisations ' p. 302
+ the impact of diminished data integrity in information systems pp-303-4

+ key legislation that affects how organisations control the collection, storage, communication
and disposal of their data and information: the Health Records Act 2001, the Privacy Act 1988 pp- 304-13
and the Privacy and Data Protection Act 2014

. ethlcal issues ar|5|ng from data and |nformat|on securlty practlces pp- 314-17

. strategles For resolvmg Iegal and ethlcal issues between stakeholders arising trom mformatlon 317-18
securlty practlces PP

+ reasons to prepare for d|saster and the scope of dlsaster recovery plans |nc|ud|ng backmg up, 318-27
evacuation, restoration and test p|ans PP

. p055|b|e consequences for organlsatlons that fall or V|o|ate securlty measures I p 328

« criteria for evaluating the effectiveness of data and |nFormat|on securlty strategles | Pp- 331 3

Key skills « analyse and discuss the current data and information security strategies used by an 298-302

organisation PP-

« propose and apply criteria to evaluate the effectiveness of current data and information 302
securlty strategles P-

« identify and evaluate threats to the securlty of data and |nFormat|on pp- 272-5,302

« identify and discuss possible legal and ethical consequences of ineffective data and information 328
securlty strategles P-

+ recommend and justify strategles to improve current data and information security practices p. 328

Reproduced from the VCE Applied Computing Study Design (2020-2023) © VCAA; used with permission.

Xii OUTCOMES
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VCAA; used with permission

Reproduced from the VCE Applied Computing Study Design (2020-2023) ©

Problem-solving

methodology

When an information problem exists, a structured problem-solving methodology is followed
to ensure that the most appropriate solution is found and implemented. For the purpose of this
course, the problem-solving methodology has four key stages: analysis, design, development
and evaluation. Each of these stages can be further broken down into a common set of
activities. Each unit may require you to examine a different set of problem-solving stages. It
is critical for you to understand the problem-solving methodology because it underpins the

entire VCE Applied Computing course.

Problem-solving methodology

L v v ¥
Analysis Design Development Evaluation
Activities Activities Activities Activities
Solution Solution . . Solution
. — . —=  Manipulation [ .
requirements design evaluation
Solution _ Evaluation T Evaluation
: > . = Validation >
constraints criteria strategy
Solution o “Fesiting
scope

FIGURE 1 The four
stages of the problem-

—+ Documentation solving methodology and
their key activities

Analyse the problem

The purpose of analysis is to establish the root cause of the problem, the specific information
needs of the organisation involved, limitations on the problem and exactly what a possible
solution would be expected to do (the scope). The three key activities are:

1 identifying solution requirements — attributes and functionality that the solution needs
to include, information it must produce and data needed to produce this information

2 establishing solution constraints — the limitations on solution development that need to
be considered; constraints are classified as economic, technical, social, legal and related
to usability

3 defining the scope of the solution — what the solution will and will not be able to do.

xiii
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Design the solution

During the design stage, several alternative design ideas based on both appearance and
function are planned and the most appropriate of these is chosen. Criteria are also created
to select the most appropriate ideas and to evaluate the solution’s success once it has been
implemented. The two key design activities include the following.

1 Creating the solution design ~ it must clearly show a developer what the solution should
look like, the specific data required, and how its data elements should be structured,
validated and manipulated. Tools typically used to represent data elements could
include data dictionaries, data structure diagrams, input-process—output (IPO) charts,
flowcharts, pseudocode and object descriptions. The following tools are also used to show
the relationship between various components of the solution: storyboards, site maps, data
flow diagrams, structure charts, hierarchy charts and context diagrams. Furthermore,
the appearance of the solution, including elements like a user interface, reports, graphic
representations or data visualisations, needs to be planned so that overall layout, fonts and
their colours can be represented. Layout diagrams and annotated diagrams (or mock-ups)
usually fulfil this requirement. A combination of tools from each of these categories will
be selected to represent the overall solution design. Regardless of the visual or functional
aspects of a solution design at this stage, a design for the tests to ultimately ensure the
solution is functioning correctly must also be created.

2 Specifying evaluation criteria — during the evaluation stage, the solution is assessed to
establish how well it has met its intended objectives. The criteria for evaluation must be
created during the design stage so that all personnel involved in the task are aware of
the level of performance that will ultimately determine the success or otherwise of the
solution. The criteria are based on the solution requirements identified at the analysis
stage and are measured in terms of efficiency and effectiveness.

Develop the solution

The solution is created by the developers during this stage from the designs supplied to them.

The ‘coding’ takes place, but also checking of input data (validation), testing that the solution

works and the creation of user documentation. The four activities involved with development

include the following.

1 Manipulating or coding the solution — the designs are used to build the electronic solution.
The coding will occur here and internal documentation will be included where necessary.

2 Checking the accuracy of input data by way of validation — manual and electronic
methods are used; for example, proofreading is a manual validation technique. Electronic
validation involves using the solution itself to ensure that data is reasonable by checking
for existence, data type and that it fits within the required range. Electronic validation,

along with any other formulas, always needs to be tested to ensure that the solution works

properly.

Xiv  PROBLEM-SOLVING METHODOLOGY
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3 Ensuring that a solution works through testing - each formula and function, not to
mention validation and even the layout of elements on the screen, needs to be tested.
Standard testing procedures involve stating what tests will be conducted, identifying
test data, stating the expected result, running the tests, reporting the actual result and
correcting any errors.

4 Documentation allowing users to interact with (or use) the solution - while it can be
printed, in many cases it is now designed to be viewed on screen. User documentation
normally outlines procedures for operating the solution, as well as generating output (like
reports) and basic troubleshooting.

Evaluate the solution

Sometimes after a solution has been in use by the end-user or client, it needs to be
assessed or evaluated to ensure that it has been successful and does actually meet the user’s
requirements. The two activities involved in evaluating a solution include the following.

1 Evaluating the solution — providing feedback to the user about how well the solution meets
their requirements or needs or opportunities in terms of efficiency and effectiveness.
This is based on the findings of the data gathered at the beginning of the evaluation stage
when compared with the evaluation criteria created during the design stage.

2 Working out an evaluation strategy — creating a timeline for when various elements of
the evaluation will occur and how and what data will be collected (because it must relate

to the criteria created at the design stage).

PROBLEM-SOLVING METHODOLOGY XV
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Key concepts

Within each VCE Applied Computing subject are four key concepts the purpose of which is
to organise course content into themes. These themes are intended to make it easier to teach
and make connections between related concepts and to think about information problems.
Key knowledge for each Area of Study is categorised into these key concepts, but not all
concepts are covered by each Area of Study. The four key concepts are:

—

digital systems
data and information

approaches to problem solving

N DN

interactions and impact.

Digital systems focus on how hardware and software operate in a technical sense. This
also includes networks, applications, the internet and communication protocols. Information
systems have digital systems as one of their parts. The other components of an information
system are people, data and processes.

Data and information focuses on the acquisition, structure, representation and
interpretation of data and information in order to elicit meaning or make deductions. This
process needs to be completed in order to create solutions.

Approaches to problem solving focuses on thinking about problems, needs or opportunities
and ways of creating solutions. Computational, design, and systems thinking are the three
key problem-solving approaches.

Interactions and impact focuses on relationships that exist between different information
systems and how these relationships affect the achievement of organisational goals and
objectives. Three types of relationships are considered:

1 people interacting with other people when collaborating or communicating with digital
systems

2 how people interact with digital systems

3 how information systems interact with other information systems.

This theme also looks at the impact of these relationships on data and information needs,
privacy, and personal safety.

XVi KEY CONCEPTS
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Unit

INTRODUCTION

In Unit 3 of Data Analytics, you will use data that you have effectively
and efficiently identified and extracted. You will consider the integrity
and source of the data and make sure that you have correctly
referenced the data using the American Psychological Association
(APA) referencing system. You will manipulate this data to create
data visualisations and infographics. To do this, you will use databases,
spreadsheets and data manipulation software.

You will propose a research question and then collect data to answer
this research question. You will use a range of methods to analyse this
data. You will use all the stages of the problem-solving methodology
(PSM) to prepare a project plan. This will complete the first half of the
School-assessed Task (SAT) (Unit 3, Outcome 2). The second half of the
SAT will be completed in Unit 4 (Unit 4, Outcome 1).

OUTCOME 1  In this Outcome, you will respond to teacher-provided
solution requirements and designs. You will extract data from large data
repositories. You will manipulate and cleanse the data and use database,
spreadsheet and data manipulation software to present your findings in
the form of a data visualisation.

OUTCOME 2 In this Outcome, you will propose a research question
and then collect data to answer this research question. You will use

a range of methods to analyse this data. You will use all the stages of
the problem-solving methodology to prepare a project plan. This will
complete the first half of the School-assessed Task (SAT) (Unit 3,
Outcome 2). The second half of the SAT will be completed in Unit 4
(Unit 4, Outcome 1).

iStack.com/gremlin
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CHAPTER

Data and
presentation

KEY KNOWLEDGE

If you can imagine the sheer amount of data that is generated every day,

After completing this chapter, you will you might also be able to imagine that there is someone, somewhere,
be able to demonstrate knowledge of: who is looking through a mountain of data searching for meaning. Data
—_—_—————— visualisation is the process by which we take large amounts of data and
Data and information process it into effective graphical representations that will meet the

e R R LR ]  needs of users or clients. These representations can take the form of
collection, including methods to collect charts, graphs, spatial relationships and network diagrams.
census, Geographic l”‘c.°"mat'?” System In some cases, the data visualisation might involve interactivity and the
(GIS) data, sensor, social media and ) . . .
inclusion of dynamic data that allows the user to deduce further meaning

weather

- - . . from the visualisation. This chapter will cover the definitions of data and
factors influencing the integrity of ) . . . . .
data, including accuracy, authenticity, information, the various ways in which data can be acquired and referenced
correctness, reasonableness, relevance and how to check that data is reliable enough to be used to generate
and timeliness useful information. This chapter will then look at the many types of data
sources of, and methods and techniques visualisations and the design tools that could be used to help plan their use.

for, acquiring authentic data stored in
large repositories

methods for referencing primary and
secondary sources, including American This chapter introduces students to the knowledge and skills needed to
Psychological Association (APA) . o
¢ . use software tools to access authentic data from repositories and present
referencing system : e : ) .
the information in a visual form. It covers data types, data integrity and
citing references before covering a range of data visualisation tools and
Approaches to problem solving their purposes.
The key knowledge and skills are based on Unit 3, Area of Study 1. If a
data visualisation is effective, it reduces the effort needed by readers to
interpret information. This chapter takes students through the different

characteristics of data types

¢ methods for documenting a problem,
need or opportunity

methods for determining solution . e . : : !
requirements, constraints and scope types of visualisations. This chapter, combined with Chapter 2, will form

design tools for representing databases, a foundation for the Unit 3, Outcome 1 School-assessed Coursework
spreadsheets and data visualisations, (SAC). Much of this will be applied when students work on their School-
including data dictionaries, tables, assessed Task (SAT).

charts, input forms, queries and reports

design principles that influence the VEaryERae M)
functionality and appearance of databases,
spreadsheets and data visualisations

formats and conventions applied to : .
data visualisations to improve their i :
effectiveness for intended users, 3
including clarity of message
%
Interactions and impact
0

reasons why organisations acquire data.

Reproduced from the VCE Applied Computing Study
Design (2020-2023) © VCAA; used with permission.
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CHAPTER 1 » DATA AND PRESENTATION n

What is data?

Data is made up of facts and statistics. Raw facts have no context to them, so you cannot
make much sense of them, or give them any meaning. To understand and make meaning of
data, you need to process or manipulate it, converting it into something useful: information.

Data consists of raw, unorganised facts, figures and symbols fed into a computer during the
input process. Data can also refer to ideas or concepts before they have been refined. In addition
to text and numbers, data also includes sounds and images (that are both still and moving).
Organisations are collecting this data in vast quantities every day. It allows them to plan day-to-
day operations, make better business decisions as well as to better understand their customers.

There are several ways in which this data is gathered by organisations. Popular methods
include analysing comments on social media, tracking activity on product websites, placing
cookies on customer computers and tracking [P addresses.

Organisations can then use data for specific purposes such as targeting customers with
advertising tailored to their interests, developing new products and improving existing ones,
and even protecting data (for instance, when banks analyse your credit card usage patterns
to identify potential fraudulent transactions). There is no doubt that understanding the
customer remains a key need of any organisation.

The potential value of data cannot be fully unlocked without processing it into
information. Marked ballot papers after an election hold a great deal of data, and thus
considerable potential value, but in their raw form, they hold little value. They need to be
processed through counting and grouping the ballot papers into their electorates before they
become useful information — that is, election results.

Datum is the singular
form of data, which is
technically plural. Today,
nearly everyone uses data,
the plural form, for both
singular and plural.

A cookie is a small file

that a web server stores

on a user’s computer.
Cookies typically contain
data about the user, such
as their email address and
browsing preferences.

The cookie is sent to the
computer when a website
is browsed and stored on
the computer’s hard disk.
The next time the website
is visited, the browser
retrieves the cookie from
the hard disk and sends
the data in the cookie to
the website. Cookies are
not viruses because they
cannot be executed or run,
and they cannot replicate
themselves; however, they
can be misused as spyware.
Cookies can be used to
track people, which leads to
privacy issues.

—

— h_.'—-:.d{ﬁ‘*-
= - sl e

a Raw data in the form of ballot papers are b grouped and counted to produce € election results.

]
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FIGURE 1.1

In this chapter, you will learn more about data, data collection and how information is -
The IP addressing

standard - four
numbers between O

and 255 separated by

formed and visualised through manipulation. As part of Unit 3, Outcome 1, you will need
to collect data and manipulate it using both a relational database and spreadsheet software

to create meaningful data visualisations. These manipulations will be covered in detail in
Chapter 2.

We will also discuss the data you need to collect, in terms of how it should be treated and
manipulated, and how limiting factors involving constraints and scope can affect the data.

Data should be gathered from reputable sources, so we will cover how you can acquire
data through existing sources, and then measure suitability and integrity by questioning
how the data was acquired, such as through surveys, interviews or observation. We will also
discuss how to reference those sources properly.

O Collect complex
data sets

: O Project plan O Analysis i O Folio of alternative

O Infographic or
designs :

dynamic data
visualisations
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Trusting that data has been
collected and stored in a
secure manner is discussed
on page 20 under the ‘Data
integrity’ heading.

Once you have gathered all of this data, you need to store it, protect it and understand
what type of data it is. We will discuss data integrity and how to maintain it through measures
such as timeliness, accuracy, authenticity and relevance. This is important because you need
to maintain the integrity of the data collected for your Outcome so that your final product

can be considered reliable.

Why organisations acquire data

Organisations depend on data in order to function. They use it to keep track of stock levels,
client details, employee details, rosters, finances and records of their work. They also use
data analytics to make predictions about all aspects of their business.

If an organisation were to lose all of its data, it would suffer greatly. The organisation
would not be able to keep track of any finances, it would lose track of its client-base and, if
the general public became aware of the data loss, it would suffer a loss of reputation. This
would potentially result in fewer clients and the possibility of legal action and closure of the

business.

Information needs

When clients or users require particular information, and no system currently exists that
provides the information, then an information need has been identified.

This could be due to an existing information problem (an organisation worried about
declining sales), an identified need (park rangers needing a method to communicate weather
conditions on total fire ban days), or an opportunity (currently no list of driving instructors
in Victoria exists).

When an information need has been identified, one process used to create a solution
that will meet the needs of the clients or users is the problem-solving methodology (PSM).

Data acquisition

Acquisition is when raw data is gathered from the world outside the information system.
First-hand, or primary data, may be acquired manually, via surveys, interviews or observation
or it may be acquired electronically. Electronic acquisition can be completed in many ways:
through cameras, people inputting data manually, sensors detecting something such as
movement, or it may be acquired through other electronic means (for example, if using a
keylogger or scanner).

Data can also be acquired by locating repositories of data that already exist, often online,
that has been compiled by someone else or another organisation. If it has not been collected
by the organisation directly, or if it has been manipulated or summarised in any way, then it
is considered secondary data. This form of data can save a lot of time, but you must ensure
that the data has come from a trustworthy source. It is important to know how this data was
collected, by whom and if there are any reasons to doubt its reliability.

Primary and secondary data

Data that has not been filtered by interpretation or evaluation is called primary data. Often,
these are facts that you, the researcher, have collected directly to answer a specific question,
but it may also be old data that has never been given proper scrutiny before. The lack of

previous interpretation is what categorises something as primary data.
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FIGURE 1.2 Strengths and weaknesses of primary data B T

Journal articles, results of questionnaires, diaries and letters, emails, internet postings,
speeches, audio and video recordings (if unedited), official documents and photos may all be L
primary data. Therefore, when you, as the researcher, need to interpret or evaluate unedited
data that you are using in your Outcome, it is primary data.

Researchers also collect (new) primary data using interviews, focus groups, surveys, - - - - - - - -
experiments, observations and measurements. S

Secondary data differs from primary data because it has been collected and interpreted . . . . . . . .
by someone other than the researcher. The collectors of the data could be other researchers,
or government departments, or any of a variety of sources: encyclopaedias and other books,
biographers, conductors of polls and surveys, journalists, newspapers and magazines, the - - - - - - - -
Australian Bureau of Statistics, internet posts, databases and so on. When using secondary =~~~ =~
data, it is especially important to consider whether both the data and its interpretation are . . . . . . . .
from a reputable source. Therefore, when you collect data for your Outcome that has been

interpreted by someone else already, you should consider this to be secondary data. T

SCHOOL-ASSESSED TASK TRACKER
D Project plan :';.D Collect complex : O Analysis ' O Folio of alternative ;l:D Infographic or l_“D Evaluation and D Finalise report or
: i datasets i i designs : i

dynamic data H assessment visual plan
] visualisations H i
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FIGURE 1.3  Strengths and weaknesses of secondary data

Techniques to collect data

Ideally, data should be collected both efficiently (not wasting time, cost or effort) and

Techniques to collect data

will also be covered later effectively (in a way that ensures data is complete, usable, accurate and current). How
when you begin working the data is collected can affect the quality or integrity of the data. Data can be collected by
on your SAT for Unit 3, . . .. .. . .

Outcome 2. using surveys, interviewing participants or observation. Each method has its own benefits

and drawbacks; you need to know how the data you are using has been collected in order to
understand the impact it will have upon the quality of your first SAC.
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Survey
Surveys are a fast and relatively cheap way to gather large amounts of data and feedback.
They can be administered in many different ways — online (having users enter their own data
makes things much ecasier and quicker), on paper (circling numbers, ticking boxes, writing
short responses) or verbally in person or over the telephone. The questions in a survey
remain identical for each person completing it, so that if any further clarification is required,
this cannot be done, especially if the survey is anonymous. If it becomes apparent that extra
questions need to be added, it is probably too late to do so — once produced, a survey is fixed.

For example, if a respondent misunderstood a question, or if the response given contradicts
an earlier response, then the quality of data might be affected. There is no way of gauging
whether or not people are being honest in their responses as with a face-to-face interview,
which might allow for tone and body language to make points of view clearer.

Question types are limited to:

« checkbox for Boolean data: yes/no or true/false questions only

« scaled responses: Likert scales ask respondents to select how they feel about a particular
statement, asking for a number from 1-5 (or any scale)

« closed questions: asking for a response from a set number of options

. open questions: respondents give worded responses with no limitations; this can give more
detail, but it is more difficult to use this data when collecting from a large number of
people.

Shutterstock.com/Andrey_Popov

FIGURE 1.4 Conducting surveys online saves time and effort because they avoid added manual data entry.

Interview

Interviews take place with two or more people in real time. They can be conducted face-to-
face, via video or telephone, and with individuals or small groups. Like surveys, the questions
are usually written in advance so that responses can be compared to get the big picture
from the data collected. Unlike surveys, respondents can request clarification if they do not
understand a question, or the interviewer can probe for more detail if they think that it is
appropriate. For example, an interviewer might ask the respondent to provide an example or
ask why they said something. Interviews are more costly, in that they cannot be deployed to
as many people or as quickly as surveys, but the quality of data is usually better.

 SCHOOL-ASSESSED TASK TRACKER |
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FIGURE 1.5 Interviewing allows for follow-up and clarification of questions.

Observation

Observations are the most costly data-collection technique when collecting data about real-
time events or existing processes. They involve watching and taking notes in real time as
an impartial observer. This is far slower than the previous two techniques, but results in far
richer and more genuine data. This kind of data collection is better suited to studies that
do not require large amounts of data. Observations are generally a good idea to combine
with surveys and interviews to allow more information to be collected. For example, if a
respondent’s body language in an interview indicated that they were unsure of their answer,
the interviewer could request more detail around the response to gather more usable data.

Sensor

Sensors or data loggers are devices used to detect characteristics of the environment around
them. This may include temperature, humidity, light levels, motion, touch, and the amount
of gases in the air. Sensors are always connected to other electronics that can interpret the
electrical signals they generate. Sensors can be connected together to provide an overall
snapshot of a particular environment (as with a weather station) and even set-up to transmit

iStock.com/Phuchit

FIGURE 1.6 Sensors can be used to measure air quality.
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data from remote locations (including other planets). It is important that data collected
from sensors is validated to reduce anomalies and stored securely to reduce the possibility
of data loss.

Sensors collect data electronically. Once installed, they can monitor and transfer data to
storage without human intervention. They can operate 24 hours a day, 7 days a week, and they
can gather data on weather, movement, trathic speeds on roads, levels of light, noise or pollution,
or numbers of people or cars entering or leaving facilities, or almost anything else.

Methods applied to specific data collections

The following data repositories have collected vast amounts of data in various ways. The
organisations and their data will be discussed later in this chapter. Considering the sheer
volume of data being collected by organisations, it would be impossible for a human to
record it either efficiently or effectively. Therefore, there are several automated processes
commonly used to gather data. Common types of data to be gathered include census,
Geographic Information System (GIS) data, sensor, social media and weather data.

Census

Every five years, the Australian Bureau of Statistics (ABS) conducts the Census of Population
and Housing. This is one of the largest data collecting activities in Australia. It is designed to
provide a demographic snapshot of Australian society. In previous years, households were asked
to complete a paper survey booklet containing questions about various characteristics of the
people living in a house on a particular night (Census Night). The 2016 Census was the first time
census data could be entered via an online portal. Households were provided with login details
for authentication. Responses to questions were validated electronically and deidentified. While
the collection of census data was easier in 2016 when compared with the paper-based forms,
the data entry process was more vulnerable to interference, as was demonstrated when hackers
caused the portal to be shut down temporarily. Those who were unable to complete the census
online were given extra days to complete the task. It is a legal requirement for each household to
complete the Census, and the honest, accurate completion of nearly every question is required.
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ootttk o b »Cuomin?
5808651607 ¥ AEF Hae ﬁ‘lﬁ‘ a
| EME EEE
0 T AEBDENT i pl sy for pou

‘and fhen aster i ko

—=—— = B

Alamy Stock Photo/ chris24

FIGURE 1.7 The ABS census provides a snapshot of Australians and Australian households every five years.
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Weather
The Bureau of Meteorology (BOM) uses sensors to collect data on all aspects of weather
and climate. Data is automatically gathered and stored and is made available on the BOM
website. The sensors are not subject to personal bias or human error, and unless they
malfunction their accuracy and reliability is very high.

The National Oceanic and Atmospheric Administration (NOAA) and the National
Aeronautics and Space Administration (NASA) in the United States also use sensors to
gather climate data, which is available from their websites.

Social media

Many social media sites generate data from their users. This data, sometimes only available
through subscription, summarises how far the account has reached, and how many views
and interactions have happened. It is not always easy to locate the raw data.

Social media sites also take part in data mining — storing data about its users. This data is
gathered in order to learn about users for, among other things, targeted advertising.

Interaction with popular social media platforms such as Facebook, Twitter and LinkedIn
provides a range of measurable data elements. This data comes from interactions such as
clicks, comments, likes, shares and conversations. Social media users can also be broken
down further by location and language preferences. This data can reveal the success of a

marketing campaign or evaluate customer impressions ofa product.

Geographic Information System (GIS)

Geographic Information Systems use sensors to record data about Earth. They capture the
data, store it, carry out manipulation to create useful information and then present it in easily
understood ways. A GIS stores data on geographical features as well as their characteristics.
Features are usually classified as points, lines or areas. Data might also be stored as images.
City data on a map might be stored as points, road data as lines, and boundaries as areas,
while aerial photographs or scanned maps could be stored as raster images. The ABS presents
a lot of their data as GIS data.

Data sources

Finding a relevant data source takes thought, judgement and care. A great deal of data is
available online. The trick is to find the data that is worth using and to use it correctly. While
Chapter 3 deals with the forming of a research question, this chapter is about the nature of
data itself.

It is important that you investigate both primary and secondary data sources. This will be
discussed in much more detail as you prepare for the next Outcome.

The source of data is very important. Treat data without an identified source with care
and take necessary steps to resolve matters of authenticity. When the source of the data is
known, it is more reliable. Without this, your trust would be blind because you would not be
able to contact the data’s creator — the data could even be a work of fiction. Putting complete
trust in anonymous data is especially unwise. For example, if you find survey results on social
media, it is important to check to see if it is supported by substantiated facts and that the data
has not been made up by somebody.

However, if you know how data has been collected, statistically manipulated, edited
and/or abridged, you can interpret the information more wisely. A reputable data source
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with authority is more likely to provide high-quality data. Be wary of data given by
people who are experts, but not necessarily experts in the relevant field. The opinion of a
champion footballer on politics, or an actor on climate change, are no better than any other
person’s opinion.

There are hundreds of data sites in Victoria and Australia on many topics. Choose a question
that interests you. Search online for key words relevant to your question and add ‘data set’.

You will probably find data that will inspire many reasonable and interesting research

questions.

Data from government organisations

Data that is collected by organisations is sometimes made available to the public, often
online. Many government bodies, including Australian federal and state governments,
make some data sets available. For Unit 3, Outcome 1, you will be using some of this data.
It is important to know about these organisations since you need to be able to trust them

as data sources.

Australian Bureau of Statistics (ABS)
The Australian Bureau of Statistics (ABS) is the statistical agency of the federal government.

Australian Bureau of
The ABS provides statistics on a wide range of economic, environmental and social issues, for Statistics

use by governments and the community. Data sets are available on a diverse range of topics,

from foreign trade to agriculture, sporting facilities and crime statistics. In fact, the ABS

website provides an endless supply of open data, downloadable and ready for manipulation.

DataVic

DataVic offers public data sets from many locations, groups and topics, including a national DataVic
public toilet map, overseas arrivals and departures, taxation statistics and even Victorian ice-
skating centres.

Commonwealth Scientific and Industrial Research Organisation
(CSIRO)

The CSIRO is an Australian scientific organisation that collects and stores scientific data. It
manages national scientific research and focuses on challenges that face both Australia and
the world. The CSIRO collaborates with many leading organisations worldwide to solve IR0
challenges using innovation around science and technology, and is committed to shaping

the future to improve communities, economies and the planet.

Bureau of Meteorology (BOM)
The Bureau of Meteorology is Australia’s national weather, climate and water agency. The BOM

collects a wide range of climatic data in order to make regular forecasts, issue warnings and offer E/luerteeaol#o?crxgy
advice with regards to the weather. Much of the data that it collects is available for public use.
Weather data is collected by a range of devices including thermometers (temperature),
radar systems (used to create maps of rain and snow and measure rain cloud movement),
barometers (air pressure), rain gauges (how much rain falls), wind vanes (wind speed and
direction), transmissometers (visual range), and hygrometers (humidity and water vapour).
These devices work in real time to provide current weather information as well as assist with

weather prediction.

Q
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NASA

THINK ABOUT L

DATA ANALYTICS

Create a list of four
other organisations in
Australia that provide
data sets for public
use. Each organisation
can be a government
department or private
organisation.

Gapminder
Gapminder is a not-
for-profit organisation
that specialises in
data visualisation

of large data sets
from reputable
sources including
OECD, WHO (World
Health Organization),
UNAIDS, International
Labour Organization,
UNESCO and the
United Nations. You
can choose your

own data sets and
create stunning
visualisations.

The Bureau of Meteorology operates a large number of weather stations throughout
Australia that have a combination of these devices. Australian weather data is also shared
with other countries, and vice versa, in order to establish global weather patterns. Analysis of
weather data is normally done on a supercomputer.
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FIGURE 1.8 The BOM'’s climate data online

National Aeronautics and Space Administration (NASA)

The United States’ National Aeronautics and Space Administration (NASA) website has
large repositories of data available to download. Its data and research are focused not only
on space, but geographic and climate data for Earth as well. For example, much of the data

presented about global warming and pattern trends worldwide comes from NASA.

Not-for-profit organisations

Organisation for Economic Co-operation and Development (OECD)

The Organisation for Economic Co-operation and Development (OECD) is a group of
countries working together. The aim is to use its wealth of information on a broad range of
topics to help governments foster prosperity and fight poverty through economic growth
and financial stability. The OECD helps to ensure the environmental implications of
economic and social development are taken into account. The OECD collects global
data, by country, across many areas deemed important to making lives better for people,
including gross domestic product (GDP), education levels, mortality rates, health data,
financial data and much more. Investigate Gapminder online (see weblink) to engage
with some of their data.

Other collections of data

Social media

Social media sites have in-built tools to help users locate data to track their impact. ‘Likes’
and ‘shares’ are attached to each post, as are comments. Figure 1.9 shows some Twitter
feedback on an individual tweet.
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Sensor data

Sensor data is anything that is collected via sensors. These can
include road (traffic) cameras, video surveillance, toll data,
Bluetooth capture boxes or something that you set-up yourself
that you could use to potentially aid your research in your Unit 3,
Outcome 2 SAT.

This type of data is collected and often shared by a wide
variety of organisations, from government sites such as those listed
previously to commercial organisations and private citizens. It is
up to you as a researcher to confirm the reliability of the data you

are using.

Geographic Information System (GIS)

CHAPTER 1 » DATA AND PRESENTATION n

Impressions 765
Total engagements a3
Detail expands 38
Media engagements 19
Likes 19
Profile clicks 10
Replies 2
Retweets 2
Hashtag clicks 2
Link clicks 1

FIGURE 19 An example of statistics available

from Twitter to measure tweet impact and reach

Referred to as GIS, the purpose of the Geographic Information System is to handle

spatial or geographic data. Typically, GIS can overlay multiple sets of seemingly unrelated

geocoded data (data that includes elevation/altitude, longitude and latitude) according

to time of occurrence to show events in location. These are used to create maps that can

show distribution of specific items or events. For example, by recording the home address

of patients suffering from particular diseases, doctors can establish if there is a link with

a particular location by plotting these on a GIS map.

. 500,000+
B 200.000 - 499,999
B 100,000 - 199,999
I 50,000 - 99,999
10,000 - 49,999

Australian Residents by Country of Birth 2016 Census s

Saruman-the-white [CC BY-SA 4.0 (https:// creativecommons.org/licenses/

by-sa/4.0)]

FIGURE 110 This example shows how GIS visualisations can combine map data with census data from

the Australian Bureau of Statistics.
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n DATA ANALYTICS VCE UNITS 3&4

It is wise to start recording
your sources as you find
them, rather than at the
end of the Outcome.
Having to locate sources
again to cite them may

be difficult and time-
consuming.

Referencing data sources

You must acknowledge all sources of data and information you use in your work. This means
not only direct quotes, but also ideas, summarising and paraphrasing. There are numerous
referencing styles available. All use a brief identifying citation in the body text (either in
brackets or as a footnote) and a matching detailed reference in a reference list and/or a
bibliography. A reference list only includes the works cited in the body text. A bibliography
also includes other texts that were consulted and may be of interest to the reader but were
not referred to in text. A bibliography can also be annotated. The sources of intellectual
property (IP) that influence your work in Data Analytics should be acknowledged using the
American Psychological Association (APA) referencing system. Note that APA style uses a
reference list and not a bibliography.

This referencing style is not just applicable to this Outcome; it is also used for the first
part of the SAT (Unit 3, Outcome 2). Referencing in this way ensures that:
o itis clear that you are not claiming another author’s work as your own

o readers can find the original source to get more information

*  copyright ‘fair dealing’ legalities are observed

« moral rights are observed.

If you fail to acknowledge someone else’s intellectual property in your work, you may
be accused of, and be guilty of, plagiarism. Plagiarism, which is when you pass someone
else’s original work off as your own, is very serious. It can have repercussions beyond
embarrassment: you may find yourself in academic and legal difficulty. Your school or
university may take disciplinary action. You may even face prosecution or civil legal
action under copyright laws.

APA style guide

The American Psychological Association (APA) referencing system is widely used and is
one of the most common styles for referencing. Citations appear within the text showing
the author’s last name, the year of the publication and the page number of a quote. These
are usually separated by commas and are placed within parentheses following the text.
For example:

Despite the fact that fruit and vegetables seem, at first glance, similar enough in
terms of dietary requirements, and tend to be used interchangeably, the topic of
diet can be contentious. Fruit tends to have higher levels of fructose than vegetables
and in general terms a fruit can be a vegetable, but a vegetable cannot be a fruit.
(Redman, 2018, p. 231-6)

The corresponding source details appear in a reference list at the end of the work.
Microsoft Word can easily be used to keep track of your sources. You just need to fill in the
boxes and it can automatically create a reference list or bibliography for you. Tables 1.1 and

1.2 demonstrate how to set out simple citations in your reference list.
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