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Introduction

ABOUT THIS GUIDE
The role of assessment
Much has been written about assessment and its purposes, but in essence, assessment
shapes student learning. It is through assessment that we communicate to students
what is important. Assessment is also the mechanism we have to establish what
students learn, to certify their achievements. When we award a pass for a piece
of work we are attesting that the student has met the learning outcomes of the
particular assessment task.

Why assessment criteria?
Assessment criteria bridge the dual role of assessment. They articulate to students
what they are required to do to complete the task successfully or to achieve a particular
grade. They signal what students should focus on and hence direct their learning
efforts. On the other hand, student work is graded using the established criteria, and
so provide certification of students’ levels of achievement to the community at large.
Although assessment criteria are widely used in many disciplines, they are not
commonly present in the context of undergraduate mathematics. Assessment
criteria may be present in some form in the minds of academics when developing
assessment tasks and their marking schemes, but they are rarely stated explicitly. In
the current higher education climate with great attention given to accountability and
standards, assessment practices must be transparent and defensible. We need to
be able to demonstrate that our mathematics graduates meet minimum standards.
Lecturers need to be able to articulate to their students, their markers and their
colleagues, the key characteristics they look for when they pass a student, or award
them a higher grade.

Who is this guide for?
This guide aims to fill the gap outlined above and support good mathematics
assessment practice in higher education. It is a resource for novice mathematics
lecturers or for those who are considering making the transition to criteria and
standards-based assessment. The first section presents the language needed for
describing levels of achievement concerning the various dimensions of mathematics
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work. It then provides guidelines to follow when designing assessment criteria.
In the final section we present examples illustrating how these guidelines can be
implemented. The examples given use current assessment practices. However,
thinking about assessment criteria and what we really want our students to learn
offers the possibility of exploring other forms of assessment. Such approaches would
help students become more aware of their own progress and engage in deeper
learning of mathematics.
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MATHEMATICS
ASSESSMENT AND ITS
LANGUAGE
Using a common language to describe assessment is important for the development
of the assessment tasks in our teaching, for exchanging ideas with colleagues within
and outside mathematics, for designing the assessment strategy of a department,
and for articulating to students what is important, what is needed to improve in
the next task, and the characteristics of each level of performance. In the sections
below some basic generic terms related to assessment are introduced which are then
followed by a more detailed explanation of the language specific to mathematics
assessment.

Aligning assessment with learning outcomes
In recent years, universities have been under increasing pressure to ‘show evidence’
of how their graduating students attain the stated graduate outcomes. When any
course or program of study is designed, student achievement of the graduate
outcomes is of major consideration.
In designing a course, learning outcomes are created which are then achieved by
the units (subjects) making up the course structure. Thus the learning outcomes of
each unit must be explicit in their contribution to the course learning outcomes. In
addition, unit learning outcomes are pivotal in determining what skills and content
in a unit are important.
Assessment tasks at the unit level must allow students to demonstrate that they
have achieved the learning outcomes, and also the level of achievement they have
reached. Given the importance of assessment, designing tasks that indicate to
students that they have achieved the unit learning outcomes is vital. Furthermore,
to engage students fully in the assessment process, the specific purpose of each
assessment task and descriptions of different levels of performance in achieving
these learning outcomes must be clearly articulated to them.
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Summative versus formative assessment
Assessment can be classified as either formative or summative.
Formative assessment can be considered as assessment for learning, as its primary
goal is to identify students’ strengths and weaknesses. This feedback is then used to
immediately address any problems identified. Providing such feedback in a timely
manner allows students to progress in preparing for the next task. As formative
assessments are designed to improve students’ learning, they may not be included
in the overall grading for a unit, or may carry only a small amount of marks.
Summative assessments on the other hand, are designed to evaluate student
learning. That is, it is the assessment of learning. Summative assessment tasks often
make significant contributions to the overall mark or grade awarded to a student and
are used to certify a student’s knowledge and achievement in a unit.
Assessment tasks in a unit may consist of a mixture of both forms of assessment. Both
are complementary and provide essential information and feedback about students’
learning. Student learning is enhanced when timely feedback is received and acted
upon. Thus assessment in a unit should incorporate both forms of assessment to
achieve a worthwhile and positive student learning experience.

Criteria-referenced versus norm-referenced
assessment
Criteria-referenced assessment involves determining a student’s grade in a unit
by comparing the student’s performance against a well-defined set of criteria and
standards that are based on the learning outcomes of that unit. In contrast, normreferenced assessment involves awarding a grade based on a student’s ranking within
a particular cohort. For many years, the higher education sector has used normreferencing to award students’ grades in mathematics. However, in recent years this
long-held practice of assigning grades has fallen out of favour as institutions contend
with mounting pressure to provide justification for the grades awarded to students.
In making the shift to criteria-referenced assessment, well defined learning outcomes
and levels of performance need to be articulated to all stakeholders, in particular
to students. The language used when communicating performance levels needs to
be easily understood so that students are able to comprehend what is required of
them in order to achieve a particular grade. At the end of this section, you will find
a sample of the language that could be used when conveying levels of performance
for your unit.
9
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Summing it up: doing assessment right
Why do we assess students? Primarily, assessment is used to determine how well
a student has understood the content of a unit. This ‘understanding’ could involve
mastery of certain skills, conceptual understanding, and/or applying the mathematical
content in given contexts. Thus, in the designing of assessment tasks, the question
of ‘how’ we assess students is vital. All assessment tasks should evaluate a student’s
achievement according to the learning outcomes of the unit. Hence different
methods of assessment should be used to complement the differing types of skills
and levels of knowledge required. For example, assessment methods that are
routine or procedural in nature, will not assess a student’s conceptual understanding.
As assessment drives the learning experience, using a variety of methods can be
instrumental in providing a much wider and enriching experience.
When designing assessment tasks, careful thought should be given to the following
questions:

What do we want students to learn?
Clearly stated learning outcomes are fundamental in answering this
question.
How do we know students have achieved these outcomes?
The various methods of assessment used should reflect what we
want our students to learn and at the same time, allow students
to demonstrate the level of their understanding. Assessment tasks
are also a valuable source of feedback for students, if properly
constructed, as students are able to determine their level of
knowledge and skills at various points throughout the teaching
session. This culture of continual improvement provides a stimulating
and worthwhile learning experience.

Designing assessment tasks that address these questions effectively, and conveying
their rationale and significance can be challenging. Transparency and quality
are fundamental in the design process, which must then be followed by clear
communication to both tutors and students. Thus a ‘language’ that describes clearly
defined criteria and levels of achievement is essential.
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The language of criteria based assessment in
mathematics
What are the things you look for when assessing your students’ work? The answer
to this question will very much depend on the purpose of the assessment task. For
example, you may wish to assess whether your students have mastered a particular
technique, or their ability to analyse and solve a particular type of problem, or
whether they are competent in developing a mathematical proof. You are also
likely to assess how students communicate their logical thinking using appropriate
structures and conventions. These features describe the dimensions that can make
up an assessment task. It is worth noting that not all of these dimensions may be
present in any assessment task, with most assessment tasks drawing on a selection
of these only.
For each of these dimensions you may be looking at one or more criteria against
which to assess your students’ work. Take for example the “mathematical modelling
and problem solving” dimension. The criteria you may consider include: how
well the problem was analysed, the strategy used, the assumptions made, the
translation of the word problem into mathematical formalism, the interpretation
and verification of results, and the conclusion.
Finally, for each criterion you need to determine the various levels of achievement:
what will you consider to be a pass level? A credit? A distinction?
Each of these components - dimensions of mathematics assessment, their
respective criteria, and levels of achievement - is illustrated in the table
Undergraduate mathematics assessment criteria, which follows. The levels of
achievement match the most common grades used in higher education in Australia
(high distinction, distinction, credit, pass and fail). Note that the granularity in levels
of achievement is reduced in some criteria. It is also important to note that the
table presented below is by no means prescriptive, but rather only a guide for the
type of language to be used in criteria based mathematics assessment. It is the
language to be used when communicating to students how they should evidence
learning in a unit.
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Undergraduate mathematics assessment criteria
KNOWLEDGE AND PROCEDURES
Criterion

Accomplished
(High Distinction)

Developing
(Distinction)

Developing
(Credit)

Benchmark
(Pass)

Fail

Understanding
of key
concepts and
techniques

All key concepts
and techniques
required to solve
the task are
articulated and
applied clearly
and concisely.

All key concepts
and techniques
required to
solve the task
are applied
correctly but
not all are
articulated
clearly and
concisely.

Most key
concepts and
techniques
required to
solve the task
are applied
correctly.

Only the
simplest key
concepts and
techniques
required to
solve the task
are applied
correctly.

Most key concepts
and techniques
required to solve
the task are
absent or applied
incorrectly.

Mathematical
manipulations
and
computations

All algebraic
manipulations
and calculations
required to solve
the task are
successful and
complete.

Algebraic
manipulations
and calculations
essential to
the task are
successful and
complete.

Algebraic
manipulations
and
calculations
essential to
the task are
successful and
complete but
have some
minor flaws.

Algebraic
manipulations
and
calculations
essential to the
task are carried
out with
accuracy, but
are incomplete
or have some
flaws.

Algebraic
manipulations
and calculations
essential to
the task are
mostly incorrect,
incomprehensible,
or absent.

MODELLING AND PROBLEM SOLVING
Criterion

Accomplished
(High Distinction)

Developing
(Distinction)

Analysis of
problem

Analysis of the
problem is detailed.

Strategy
(choice of
approach)

Appropriate models
and problem
solving techniques
are used to find
a complete and
correct solution.
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Developing
(Credit)

Benchmark
(Pass)

Fail

Analysis of the problem is mostly
correct, but with some minor
flaws.

Analysis of
the problem
is evident, but
with some flaws
or not explicit.

Not evident or
mostly incorrect.

Appropriate
models and
problems
solving
techniques are
used to find
a complete
solution, with
minor flaws.

Appropriate
models and
problems
solving
techniques are
used to find a
partial solution.

There is little to
no evidence of
strategy, or the
strategy is
mostly incorrect.

Appropriate
models and
problems
solving
techniques are
used to find
a complete
solution,
but solution
has errors
that hinder
understanding
of response.

Criterion

Accomplished
(High Distinction)

Developing
(Distinction)

Developing
(Credit)

Benchmark
(Pass)

Fail

Assumptions

Assumptions
are described
explicitly,
including a
rationale for their
appropriateness,
and the
consequential
limitations of the
final conclusions.

Assumptions are
described
explicitly,
including a
rationale for
their appropriateness.

Assumptions
are described
explicitly
and are
appropriate,
but no
rationale is
provided for
these.

Assumptions
seem to be
appropriate
but these
are poorly
articulated.

No attempts
are made
to articulate
assumptions,
or assumptions
made are
incorrect.

Translation of
information
into
mathematical
formalism

Translation is
appropriate to the
problem.

Translation is
appropriate to
the problem,
with only
minor errors or
omissions.

Translation is
appropriate to
the problem
and mostly
accurate.

Translation is
only partially
appropriate to
the problem.

Translation is
absent or mostly
incorrect.

Interpretation
of results

Interpretation of
derived solutions,
variables, values,
and other specific
information
is accurate,
contextualized to
the problem.

Interpretation
of derived
solutions,
variables,
values, and
other specific
information is
accurate, and
contextualized
to the problem,
with minor
errors.

Interpretation
of derived
solutions,
variables,
values and
other specific
information
is mostly
accurate and
contextualized
to the
problem.

Interpretation
of derived
solutions,
variables,
values, and
other specific
information
is partially
correct.

Interpretation
of derived
solution(s),
variables,
values, and
other specific
information is
absent or mostly
incorrect.

Verification of
answer

Reasonableness
of the answer
is articulated
accurately.

Justification of the answer is
articulated, with minor errors.

Justification of
the answer is
attempted but
not complete.

Justification not
provided or with
flaws that
suggest
conceptual misunderstandings.

Conclusion

Conclusion is
correct, accurately
addresses all
aspects of the
problem, and is
stated clearly and
concisely.

Conclusion is
correct, and
it addresses
all aspects of
the problem,
with some
minor flaws or
omissions.

Conclusion is
implied, not
explicit.

Conclusion
is absent or
incorrect.
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Conclusion is
explicit and
mostly correct,
but it does
not address
accurately all
aspects of the
problem.

COMMUNICATION
Criterion

Accomplished
(High Distinction)

Developing
(Distinction)

Developing
(Credit)

Benchmark
(Pass)

Fail

Explain
process
followed

The process
followed is
described
accurately and
clearly.

The process
followed is
described, with
some minor
omissions or
errors.

Explanations
include critical
components
of process
followed but
are somewhat
difficult to
understand.

The process
followed is
implicit.

It is not possible
to understand the
process followed.

Use of
mathematical
terminology
and notation

The use of
mathematical
terminology
and notation is
rigorous.

The use of mathematical
terminology and notation is
generally accurate, but with a few
exceptions.

The use of
mathematical
terminology
and notation
is somewhat
careless.

The use of
mathematical
terminology and
notation is mostly
careless and
inaccurate.

Defining
variables

All variables used
are introduced
are appropriate
for the problem
and are defined
accurately.

Key variables used are introduced
and are appropriate for the
problem, but their definitions
are incomplete or somewhat
imprecise.

Variables
are used
without giving
their formal
definition.

It is not clear what
or how variables
are used.

Presentation
of results in
appropriate
presentation
- Graphs and
diagrams

The graphs and/
or diagrams are
appropriate for
the problem,
neat, clear, and
detailed.

The graphs and/or diagrams are
appropriate for the problem,
but lack some detail that hinder
understanding of response.

The graphs
and/or
diagrams
are generally
appropriate for
the problem,
but have
inaccuracies.

The graphs and/
or diagrams
are absent, or
inappropriate for
the problem, or
lack most essential
details.

Clear

The work is
clearly structured.
Full and precise
sentences are
used, accurately
linking the
different parts of
the argument.

The work
is clearly
structured. An
attempt is made
to link between
the different
parts of the
argument.

The work
presented can
be followed,
but has no
clear structure
and the
construction of
sentences and
links between
the different
parts are
lacking.

The work is mostly
incomprehensible,
consisting of
a series of
disconnected or
irrelevant strings
of expressions.

Appropriate

The language and
approach used
are appropriate
for the target
audience.

The language
and approach
used are
mostly
appropriate
for the target
audience.

The work is mostly
incomprehensible
for the target
audience.

expression

for audience
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The structure
of the work
is evident,
but the links
between
the different
parts of the
argument are
not clearly
articulated.

USE OF SOFTWARE
Criterion

Accomplished
(High Distinction)

Appropriate
use of
software

Clear explanation
of the stages
followed is given
and provides
evidence of
appropriate use
of variables,
definitions and
syntax.

Validation of
output

The validation
process followed
is clearly
articulated and
correct.

Criterion

Developing
(Distinction)

Developing
(Credit)

Benchmark
(Pass)

Fail

There is
evidence that
key stages
in the use of
software are
correct and
appropriate for
the problem,
but minor
inaccuracies
may have led
to the incorrect
solution.

Input, variables
and definition or
syntax used are
mostly incorrect or
inappropriate for
the problem.

The validation process followed is
explicit, but has some minor flaws.

An attempt
is made to
validate
the output,
but with
deficiencies.

No attempt is
made to validate
the output from
software.

Accomplished
(High Distinction)

Developing
(Distinction)

Benchmark
(Pass)

Fail

Proof
structure

Proof structure
used (direct,
induction,
contradiction, etc.)
is appropriate and
clearly articulated.

The proof structure used (direct,
induction, contradiction, etc.) is
appropriate, but may have some
minor flaws or may be needlessly
complicated.

The proof
structure
used (direct,
induction,
contradiction,
etc.) is
generally
appropriate,
but may have
some flaws.

A proof structure
cannot be
identified.

Use of
hypotheses

The use of
hypotheses
is correct and
explicit.

The use of hypotheses is explicit
but with minor flaws.

The use of
hypotheses is
implied, but
not stated
explicitly.

Hypotheses are
not referred to or
used incorrectly.

Logical
reasoning

The mathematical
reasoning is
rigorous and
consistent.

The
mathematical
reasoning is
sound, but with
some minor
flaws.

The
mathematical
reasoning is
mostly correct,
but with some
omissions
or lacking in
rigour.

The mathematical
reasoning is
seriously flawed or
non-existent.

PROOFS
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Developing
(Credit)

The
mathematical
reasoning is
mostly sound,
but lacking in
rigour in some
minor way.

Criterion

Accomplished
(High Distinction)

Developing
(Distinction)

Justification
and
completeness

The proof is
complete, with
all steps correctly
justified.

Conclusion

Conclusion
follows accurately
the argument
provided and
indicates the end
of the proof.

Developing
(Credit)

Benchmark
(Pass)

Fail

Steps in the proof include all
components and are broadly
justified, with small inaccuracies or
omissions.

Steps in
the proof
include critical
components
and are
broadly
justified.

Justification is
inexistent or
seriously flawed,
or critical steps
are missing.

Conclusion is consistent with
the argument provided, but with
minor inaccuracies.

Conclusion is
implied, not
explicit.

Conclusion
is absent or
incorrect.

DEVELOPING ASSESSMENT
CRITERIA
Setting up the assessment framework for a unit
The assessment tasks of a unit do not stand in isolation within the unit. Collectively
they should assess what students learn in the unit and their levels of achievement.
The learning outcomes of the unit provide the starting point for the planning of how
you will teach and assess the unit. They articulate the knowledge and skills students
will be able to demonstrate by the time they complete the unit. Each assessment
task should align with one or more learning outcome of the unit, and all together
should ensure coverage of all learning outcomes.
Therefore it is important to have clarity right from the beginning of how you will
measure student achievement. Developing assessment criteria that align with the
learning outcomes is one of the first steps in the planning for the teaching of your
unit. These criteria, together with the learning outcomes, will provide a framework
for developing all assessment tasks for the unit, and the marking scheme for each
of these. Assessment criteria will also articulate to students what is important in the
unit, what is required to pass the unit, and how to achieve higher grades.
The tables included in the previous section provide the language for the different
aspects you may assess in the context of mathematics, and the levels of achievement
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in each of those aspects. They are grouped by the different dimensions or aspects
relevant to the assessment of mathematical solutions to problems. By selecting
appropriate rows of these tables you can put together very easily a criteria table
specific to your unit. Unless changes are made to the unit, these assessment criteria
should remain largely unchanged from year to year.
In summary, there are three steps in setting up the assessment framework for a unit
of study. These are outlined below, together with the questions you should be asking
at each of these steps.

1. Clarify learning outcomes of the unit
What is this unit of study about? What do you expect your students to
learn by the completion of the unit? What knowledge and skills should
they be able to demonstrate by the completion of the unit?
2. Determine the aspects to be assessed in the unit
What are the things you will be looking for when assessing student
work? What aspects will you have to include in the assessment criteria
to ensure all learning outcomes are addressed?
3. Construct the assessment criteria table
What rows from the generic assessment criteria table apply to your
unit? Do you need to make adjustments to the language used? Are
the levels of achievement appropriate for your context?
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Developing and communicating assessment
criteria for a specific assessment task
Once the assessment criteria for the unit are developed, these will need to be tailored
for each particular assessment task and include details on how marks and/or grades
will be allocated.
The first thing you will need to determine is what learning outcomes you are aiming
to assess with each task, and which aspects of the unit assessment criteria are relevant
in each case. If you are using an existing task this is where you question whether the
task is really aligned to what you want to achieve and if not, modify it or replace it
all together.
Once you have the appropriate task and you have identified the dimensions to be
assessed, you need to decide the relative importance of each of these or in other
words, the percentage each of these dimensions will contribute to the grade and/or
mark for the assignment.
For each aspect you will be marking, you should describe the characteristics for
the different levels of achievements. When doing this, it is helpful to start by
describing what a pass would look like, and then move up to describe higher levels
of achievement (where appropriate).
If other people will be involved in the marking of the assessment task, then further
details will be required in the descriptors of levels of achievement, to ensure
consistency of marking. For example, if the marking is of procedural knowledge,
then the key techniques and concepts assessed in the particular task will need to be
articulated. Whether you give this detailed assessment criteria table to your students
in advance of the task will depend on the place and purpose of the assessment task.
Using the same example of procedural knowledge, in a first year unit you may wish
to be more explicit in articulating the techniques and concepts assessed in the task,
particularly in the first assessment task of the kind. In later years, students should be
able to judge by themselves the key concepts and techniques related to a particular
topic, and so detailed descriptors of these concepts and techniques may not be
needed.
In summary, there are two steps involved in the development and communication of
the assessment criteria for a particular task. These are outlined below, together with
the questions you should be asking in each of these steps.
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1. Determine the aspects to be assessed in the task and their
relative importance
What aspects (rows) from the unit assessment criteria table apply to
this task? What is important in this assessment task? For example, is
communication an aspect you want to assess? Or is the purpose of
the task to focus on another aspect such as procedural knowledge
or modelling? What is the importance of these aspects relative to
each other? How much will each contribute to the mark or grade of
the assessment task?
2. Develop the grading/marking scheme for the task
What are the specific knowledge and skills required to pass the task?
How will you allocate grades to the different levels of performance?
How should the generic unit criteria be expanded to make this
explicit?

19 Introduction

Communicating to markers how to grade
student work
When you have a team of markers, detailed marking criteria are essential to ensure
consistency across the student cohort. In large classes in particular, you are likely to
have a team of tutors, some with limited teaching experience. In most cases like this,
it may be necessary for you to discuss the marking criteria with the team of markers
before the marking commences.
Ideally, the marking team would meet to clarify marking criteria, to share possible
strategies, misconceptions and errors that they are likely to encounter and how to
grade these, and to fine tune criteria, if required. Of course, this could be a costly
exercise and not always affordable, so you may need to think of other ways of
achieving these aims. For example, you could use online communication to keep
markers connected as they mark, to share unusual strategies, misconceptions and
errors and how to grade these.
In summary, there are two parts involved in the communication of the assessment
criteria for a particular task. These are outlined below, together with the questions
you should be asking in each of these steps.

1. Communicate to students how their work will be assessed
How will you communicate levels of achievement to your students?
Will you provide details additional to those outlined in the unit level
criteria?
2. Communicate to marker(s) how to grade student work (if others
involved in marking)
Is the marking scheme clear enough for consistent marking? Will you
give annotated solutions to the markers? What mechanism will you
use for moderating the marking across all markers?
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EXAMPLE

1

FIRST YEAR
CALCULUS
This example illustrates the use
of the framework outlined in the
previous section, showing the
thinking of the unit coordinator
as he develops assessment
criteria for a first year calculus
unit and then for a particular
problem solving task.
CONTEXT
MATHS101 is a first year calculus
unit taught within the Bachelor
of Science. It is designed for
students who come to university
with a background of secondary
school intermediate mathematics,
which includes basic knowledge of
calculus concepts and techniques.
21 Example 1: First year calculus

SETTING UP THE
ASSESSMENT FRAMEWORK
Step 1. Clarify learning outcomes of the unit
Arun is the coordinator of MATHS101. He has been teaching
this unit for a number of years and has been meaning to
review the unit learning outcomes for quite some time. Given
that this year he is going to introduce a criteria-referenced
approach to assessment, he thought this to be a good time
to have a fresh look at what he expects his students to learn.
After considering the existing MATHS101 learning outcomes, Arun decided to make
some changes. This is what he came up with:

On completion of this unit, students will be able to:
✔✔ Demonstrate understanding and make competent use of the basic
concepts and techniques in calculus related to one-variable real
functions, including:
• the concepts of limit and continuity
• the concepts and fundamental techniques of differentiation and
integration
• the concepts of local and global extrema of functions
• the inter- relationship between differentiation and integration.
✔✔ Apply calculus techniques to investigate the behaviour of one variable
real functions, and to solve simple real-life problems
✔✔ Communicate mathematical arguments and results effectively.
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These learning outcomes articulate what students will be able to do, as a minimum,
at the point of completion of MATHS101. Arun will use these to revise all teaching
activities and assessment of the unit.

Step 2. Determine the aspects to be assessed
in the unit
Arun notes that the purpose of MATHS101 is threefold:
• MATHS101 is reinforcing the fundamental concepts of calculus, basic calculus
techniques, and calculus applications to simple problems
• Being the first mathematics unit taken at university level, the aim of the unit is
to introduce more rigour in the use of mathematical language and symbols
• MATHS101 contributes to the learning outcomes of the Bachelor of Science,
including effective communication. At Arun’s institution, all first year units
must integrate the development of communication skills in the discipline
context, and so this needs to be present in the assessment of the unit.
Taking all of the above into account, Arun decides that the assessment criteria for the
unit must include the following dimensions:
✔✔ Knowledge and concepts
✔✔ Problem solving
✔✔ Communication.

The
criteria signals
that rigorous
mathematical thinking
and explanations are
just as important as
the mastery of
techniques.
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Step 3. Construct the assessment criteria table
for the whole unit
Using the criteria table, Arun puts together the assessment criteria for MATHS101:

KNOWLEDGE AND PROCEDURES
Criterion

Accomplished
(High Distinction)

Developing
(Distinction/Credit)

Benchmark
(Pass)

Fail

Understanding of
key concepts and
techniques

All key concepts and
techniques required
to solve the task
are articulated and
applied clearly and
concisely.

All key concepts and
techniques required
to solve the task are
applied correctly
but not all are
articulated clearly
and concisely.

Key concepts and
techniques required
to solve the task are
applied correctly,
with minor errors.

Most key concepts
and techniques
required to solve
the task are
absent or applied
incorrectly.

Mathematical
manipulations and
computations

All algebraic
manipulations and
calculations required
to solve the task
are successful and
complete.

Algebraic
manipulations
and calculations
essential to the task
are successful and
complete.

Algebraic
manipulations
and calculations
essential to the task
are carried out with
accuracy, but are
incomplete or have
some flaws.

Algebraic
manipulations
and calculations
essential to the task
are mostly incorrect,
incomprehensible,
or absent.

MODELLING AND PROBLEM SOLVING
Criterion

Accomplished
(High Distinction)

Developing
(Distinction/Credit)

Benchmark
(Pass)

Fail

Analysis of
problem

Analysis of the
problem is detailed,
accurate.

Analysis of the
problem is mostly
correct, but with
some minor flaws.

Analysis of the
problem is evident,
but with some flaws
or not explicit.

Not evident or
mostly incorrect.

Strategy (choice of
approach)

Appropriate models
and problem solving
techniques are used
to find a complete
and correct solution.

Appropriate models
and problems
solving
techniques are used
to find a complete
solution, with minor
flaws.

Appropriate models
and problems
solving
techniques are used
to find a partial
solution.

There is little to
no evidence of
strategy, or the
strategy is
mostly incorrect.
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Criterion

Accomplished
(High Distinction)

Developing
(Distinction/Credit)

Benchmark
(Pass)

Fail

Assumptions

Assumptions are
described
explicitly,
including a
rationale for their
appropriateness,
and the
consequential
limitations of the
final conclusions.

Assumptions are
described explicitly,
but the rationale
provided for these is
not fully articulated.

Assumptions seem
to be appropriate
but these are not
explicit.

No attempts are
made to articulate
assumptions, or
assumptions made
are incorrect.

Translation of
information into
mathematical
formalism

Translation is
appropriate to the
problem.

Translation is
appropriate to the
problem, with only
minor errors or
omissions.

Translation is only
partially appropriate
to the problem.

Translation is absent
or mostly incorrect.

Interpretation of
results

Interpretation of
derived solutions,
variables, values,
and other specific
information
is accurate,
contextualized to
the problem.

Interpretation of
derived solutions,
variables, values,
and other specific
information is
accurate, and
contextualized to
the problem, with
minor errors.

Interpretation of
derived solutions,
variables, values,
and other specific
information is
partially correct.

Interpretation of
derived solution(s),
variables, values,
and other specific
information is
absent or mostly
incorrect.

Verification of
answer

Reasonableness
of the answer
is articulated
accurately.

Justification of
the answer is
articulated, with
minor errors.

Justification of the
answer is attempted
but not complete.

Justification not
provided or with
flaws that suggest
conceptual
misunderstandings.

Conclusion

Conclusion is
correct, accurately
addresses all
aspects of the
problem, and is
stated clearly and
concisely.

Conclusion is
correct, and it
addresses all
aspects of the
problem, with some
minor flaws or
omissions.

Conclusion is
implied, not explicit.

Conclusion is absent
or incorrect.
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COMMUNICATION
Criterion

Accomplished
(High Distinction)

Developing
(Distinction/Credit)

Benchmark
(Pass)

Fail

Explain process
followed

The process
followed is
described accurately
and clearly.

The process
followed is
described, with
some minor
omissions or errors.

The process
followed is implicit.

It is not possible
to understand the
process followed.

Use of
mathematical
terminology and
notation

The use of
mathematical
terminology and
notation is rigorous.

The use of
mathematical
terminology and
notation is generally
accurate, but with a
few exceptions.

The use of
mathematical
terminology
and notation is
somewhat careless.

The use of
mathematical
terminology and
notation is mostly
careless and
inaccurate.

Defining variables

All variables used
are introduced and
appropriate for the
problem and are
defined accurately.

Key variables used
are introduced and
are appropriate for
the problem, but
their definitions
are incomplete
or somewhat
imprecise.

Variables are used
without giving their
formal definition.

It is not clear what
or how variables are
used.

Presentation
of results in
appropriate
representation
- Graphs and
diagrams

The graphs and/
or diagrams are
appropriate for the
problem, neat, clear,
and detailed.

The graphs and/
or diagrams are
appropriate for
the problem,
but lack some
detail that hinder
understanding of
response.

The graphs and/
or diagrams
are generally
appropriate for the
problem, but have
inaccuracies and/or
lack detail.

The graphs and/
or diagrams
are absent, or
inappropriate for
the problem, or
lack most essential
details.

Clear expression

The work is clearly
structured. Full and
precise sentences
are used, accurately
linking the different
parts of the
argument.

The work is clearly
structured. An
attempt is made to
link between the
different parts of the
argument.

The work presented
can be followed,
but has no clear
structure and the
construction of
sentences and
links between the
different parts are
lacking.

The work is mostly
incomprehensible,
consisting of a series
of disconnected or
irrelevant strings of
expressions.
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These criteria will provide the framework for the assessment of student achievements
in MATHS101. Arun has decided that all three dimensions (knowledge and procedures,
problem solving, and communication) are equally important, so he will assign equal
weighting to all three.
Arun will include these criteria in the unit guide – the document he gives to all
students at the start of semester and which spells out all details about the unit. This
will help students understand what they need to do to pass the unit or to achieve
a high distinction grade. For higher year units he may consolidate some of these
criteria, but Arun is convinced that this level of detail is needed for students who make
the transition to university studies, as from experience he knows that many students
come from school thinking that mathematics is only about applying procedures and
getting the right answer. The criteria will signal that rigorous mathematical thinking
and explanations are just as important as the mastery of techniques. Arun will refer to
these assessment criteria throughout the semester and at every possible opportunity,
to reinforce his message to students of what is important.

THE ASSESSMENT TASK
A piece of wire 10 metres long is cut into two pieces. One piece is bent into a
circle, and the other one into a square. How should the wire be cut so that the
total area enclosed is a maximum?
Use calculus techniques to solve this problem.
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DEVELOPING ASSESSMENT
CRITERIA FOR THE TASK
Step 1. Determine the aspects to be assessed
in the task and their relative importance
As this is a problem solving task, all three aspects of the unit assessment criteria
will be present: modelling and problem solving, knowledge and procedures, and
communication. As communicated to the students at the start of semester, Arun will
give equal weighting to all three aspects in the grading of the task.

Step 2. Develop the grading/marking scheme
for the task
Arun wants students to demonstrate that they are able to solve an optimisation
problem. The key things he will be looking for in a solution are:
• Application of the optimisation technique
• Introduction of variables and functions
• Structure of the solution
• Calculations of derivatives
• Use of mathematical terminology and symbols.
Given that the task is rather simple, Arun decides to grade students’ work on only
four levels of achievement: accomplished, developing, pass and fail. He also decides
to assign 0 to 4 marks to each of these levels; his institution requires him to return
unit marks for his students, so using numbers rather than letters will make it simpler
for calculating the overall mark. Since 4 marks are matched to the “accomplished”
level of performance, and 50% is considered a pass in his institution, then the “pass”
level should be assigned 2 marks, and the “developing” level 3 marks. A fail will be
given a 0 or 1, depending on how far the student is from achieving the pass level.
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This is how Arun translated the above into the criteria table to construct a
marking scheme:

MODELLING AND PROBLEM SOLVING
4 (pass)

0 or 1

The use of optimisation technique is correct:
(i) Finding area function
(ii) Finding critical value(s)
(iii) Determining where the maximum of the function occurs within the
interval
Analysis of the problem is mostly correct, but with some minor flaws.

There is no evidence
of knowledge
of optimisation
technique, or the
technique is not
applied correctly.

Mark

/4

KNOWLEDGE AND PROCEDURES
4
Calculations of
(i) derivative
(ii) critical value, and
(iii) finding of maximum
value is successful and
complete.

3
Calculations of (i), (ii)
and (iii) are complete
but have minor
algebraic errors.

2 (pass)
Calculations for (i), (ii)
and (iii) are carried out,
but are incomplete or
have some flaws.

0
Calculations for
(i), (ii) and (iii) are
mostly incorrect,
incomprehensible,
or absent.

Mark

/4

COMMUNICATION
4

3

2 (pass)

0

Variables used are
appropriately defined.

Variables used are
introduced and are
appropriate but their
definitions are
incomplete or
somewhat imprecise.

Variables are used
without giving their
formal definition.

It is not clear what or
how variables are used.

The solution is
structured clearly and
concisely. Full and
precise sentences are
used, accurately linking
the different parts of
the argument.

The solution is clearly
structured. An attempt
is made to link
between the different
parts of the argument.

The solution presented
can be followed, but
has no clear structure
and the construction
of sentences and links
between the different
parts are lacking.

The solution is mostly
incomprehensible,
consisting of a series
of disconnected or
irrelevant strings of
expressions.

The use of mathematical terminology and
notation is rigorous.

The use of mathematical terminology and
notation is generally
accurate, but with a
few exceptions.

The use of
mathematical
terminology and
notation is somewhat
careless.

The use of
mathematical
terminology and
notation is mostly
careless and
inaccurate.

Overall mark
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Mark

/4

/12

Note that the grading of the modelling and problem solving aspect only has two
possible outcomes: pass or fail. Students must apply all steps of the optimisation
technique correctly. For example, if a student finds the critical value but then simply
assumes that this value optimises where the wire should be cut to achieve the
maximum area, then he/she fails the problem solving aspect. Arun is quite firm about
this, and has signalled this to students when they worked on similar problems in
class.

COMMUNICATING
CRITERIA
Step 1. Communicating to students how their
work will be assessed
Arun has already included the assessment criteria table in the MATHS101 unit
guide. He has been referring to this guide continuously since the start of semester,
reinforcing the message that the emphasis on the different aspects of assessment
has probably changed compared to what was done in high school.
The assessment criteria have already been used in the two assignments previous
to this particular assessment task, so students have some experience with them.
However, Arun has evidence that not all students paid sufficient attention to the
assessment criteria. So he would like to reinforce the message by adding to the task
sheet the particular assessment criteria he will use for this task.
Arun thinks that the criteria table developed for marking is too detailed and gives too
many hints on how the task should be solved, so he instead includes the following
rubric:
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MODELLING AND PROBLEM SOLVING
Accomplished (4)

Fail (0 or 1)

Appropriate techniques are used to find a complete and correct solution.

There is no evidence
of strategy for solving
the problem, or the
strategy is incomplete
or mostly incorrect.

Mark
/4

KNOWLEDGE AND PROCEDURES
Accomplished (4)
All algebraic
manipulations and
calculations required
to solve the problem
are successful and
complete.

Developing (3)

Pass (2)

Algebraic
manipulations and
calculations essential to
the task are successful
and complete.

Algebraic
manipulations and
calculations essential
to the task are carried
out with accuracy, but
are incomplete or have
some flaws.

Fail (0 or 1)
Calculations essential
to the problem are
mostly incorrect,
incomprehensible,
or absent.

Mark
/4

COMMUNICATION
Accomplished (4)

Developing (3)

Pass (2)

Fail (0 or 1)

The solution is clearly
structured
Full and precise
sentences are used,
accurately linking the
different parts of the
argument.

The solution is clearly
structured
An attempt is made
to link between the
different parts of the
argument.

The solution presented
can be followed, but
has no clear structure
and the construction
of sentences and links
between the different
parts are lacking.

The solution is mostly
incomprehensible,
consisting of a series
of disconnected or
irrelevant strings of
expressions.

All variables used are
introduced, are
appropriate for the
problem and are
defined accurately.

Key variables used are
introduced and are
appropriate for the
problem, but their
definitions are
incomplete or
somewhat imprecise.

Variables are used
without giving their
formal definition.

It is not clear what or
how variables are used.

The use of
mathematical
terminology and
notation is rigorous.

The use of
mathematical
terminology and
notation is generally
accurate, but with a
few exceptions.

The use of
mathematical
terminology and
notation is somewhat
careless.

The use of
mathematical
terminology and
notation is mostly
careless and
inaccurate.

/4

Overall mark
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Mark

/12

Step 2. Communicating to the marker(s) how to
grade student work
Arun has a group of 10 tutors teaching the MATHS101 tutorial classes. Each of them
will be marking the work of their own students, so he must make sure that the marking
is consistent. To this end, he gives them the marking scheme table included in Step
2 above, and the full solution to the task. He annotates this solution, highlighting the
points he would like to draw to the tutors’ attention. See this solution below.
Arun has already had a meeting with all tutors prior to marking the previous two
assignments. He does not see the need to have another meeting for this assessment
task, as he feels that the solution and marking scheme are clear and he does not
envisage major problems. Tutors are expected to interact with the whole teaching
team through a shared online forum, to seek clarifications and share experiences. He
will keep an eye on what is posted on that forum.
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ANNOTATED SOLUTION
GIVEN TO TUTORS
Let  x  be  the  length  cut  for  the  circle,  measured  in  metres.  Since  x  makes  
the  circumference  of  the  circle,  the  radius  of  the  circle  is    
2

x2
x
⎛ x ⎞
,  and  its  area  is   AC = π ⎜
.  
⎟ =
2π
4π
⎝ 2π ⎠
There  are     10 − x   metres  left  to  make  the  square.  Therefore  the  side  
r=

length  of  the  square  is   a =

10 − x
  and  its  area  is    
4

Definition of
variables
Structure,
notation

2

" 10 − x % (10 − x )2
  
AS = $
' =
16
# 4 &

Given  the  length  of  the  wire,  the  domain  under  consideration  is  
0 ≤ x ≤ 10 .  
  
The  total  area  enclosed  by  the  square  and  the  circle  is      
2

2

(10 − x ) , 0 ≤ x ≤ 10   
x
+
4π
16
  
To  find  the  maximum  area  we  differentiate  A  to  first  find  the  critical  
values:  
dA
2 x 2(10 − x)
  
=
−
dx
4π
16
4x
2 x 2(10 − x)
So  we  solve  
− 10 + x = 0 ,  which  gives  
−
= 0 ,  or  
4π
16
π
A = AC + AS =

x = 10

π

4+π

≈ 4.4   as  the  only  critical  value  of    A.	
  	
  

  
Now,  the  maximum  value  of  A	
  within  the  interval	
   0 ≤ x ≤ 10   will  occur  
at  the  critical  value  or  at  one  of  the  two  interval  endpoints,  so  we  
evaluate  A  at   x = 0, 10

  

A(0) =

π

4+π

, 10   and  compare:  

100
100
⎛ ⎛ π ⎞ ⎞
= 6.25 ,     A⎜⎜10 ⎜
≈ 7.96   
⎟ ⎟⎟ ≈ 3.5     and     A(10) =
π
4
+
16
4π
⎝
⎠
⎠
⎝

  
Therefore  the  maximum  value  of  A	
  occurs  at   x = 10 .  

  
In  conclusion,  the  wire  should  not  be  cut  at  all.  The  circle  of  
circumference  10  metres  will  maximise  the  area  enclosed.  
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Mod and prob
solving (i)
Calculations (i)
Mod and prob
solving (ii)
Structure,
notation
Calculations (ii)
Mod and prob
solving (iii)
Structure,
notation

Calculations (iii)

Structure

GRADING OF THE TASK
IN ACTION
Here are three examples of student work using the marking scheme, and the
rationale for allocation of grades/marks.

Student A

Grading of this task:
Mark/grade

Rationale

Modelling and problem solving

1

There is evidence of the use of the first two steps of the
optimisation technique, but checking of the critical value is
missing.

Knowledge and procedures

2

The derivative is calculated correctly, and the critical value is
identified, although not explicitly.

Communication

1.5

Overall

4.5/12
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Variables used without formal definition.
Structure is lacking.
Terminology is careless and lacking.

Student B

Grading of this task:
Mark/grade
Modelling and problem solving

4

Knowledge and procedures

3.5

Communication

3

Overall

10.5/12
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Rationale
Optimisation technique is used correctly.
All calculations are correct.
There are no explicit discussion of the determination of the
closed domain.
Structure is clear.
Variables are introduced.
Notation is careless in parts.

Student C

Grading of this task:
Mark/grade
Modelling and problem solving

4

Knowledge and procedures

3.5

Communication

2
Overall

9.5/12
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Rationale
Optimisation technique is used properly.
All calculations are correct.
There are no explicit discussion of the determination of the
closed domain.
Variables not defined.
Solution can be followed, but there is no clear structure.

2

EXAMPLE

MATHEMATICAL
METHODS FOR
ENGINEERING
This example shows the use
of criteria for the assessment
of tasks that involve only a
knowledge of mathematical
concepts and procedures.
CONTEXT
MATHS201 is a unit for second year engineering
students. The learning outcomes of the unit focus
on a variety of mathematical methods and their
applications. The assessment of this unit includes
three assignments with an emphasis on knowledge
of concepts and procedures. The example here is
one of these assignments, which aims to assess
the ability to operate with complex numbers and
knowledge of the basic concepts of differentiation
of functions of a complex variable.
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SETTING UP THE
ASSESSMENT FRAMEWORK
Stefan is the coordinator of MATHS201. In the past, he used
to mark his assignments by assigning marks to the different
steps of the solution. The longer the working out of an
exercise, the more marks were allocated to it. He realised
that by doing this he was sometimes giving students too
many marks for calculations and algebraic manipulations,
as compared to knowledge of concepts and use of
mathematical notation.
Stefan has decided to try using criteria based assessment for the assignments in
this unit. How could he signal through assessment criteria what is important? Very
often his students argue for higher marks in an assignment they have completed.
Stefan finds this frustrating because students tend to focus on the steps of the
solution rather than its overall quality. By articulating more clearly the different
aspects that contribute to the quality of a solution, he could point out to students
where they should improve.
As with all mathematical methods units offered in the department, the criteria to
be used for all assessment tasks in the unit were given to students at the start of
semester. These included the various dimensions of knowledge and procedures,
modelling and problem solving and communication as outlined in the early section
of this guide.

38 Example 2: Mathematical methods for engineering

THE ASSESSMENT TASK
1. Calculate
in two different ways. First make the denominator into
a real number by the method shown in lectures. Second, convert both
numbers to polar form and use the formula for division of numbers in
polar form.
2. Determine all the points where the following functions are differentiable
and, where applicable, give the formula for the derivative:

3.
Determine whether f’(0) exists, justifying your answer.

By
articulating
the aspects
that contribute
to the quality of a
solution, I point out
to students where
they should
improve.
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DEVELOPING ASSESSMENT
CRITERIA FOR THE TASK
Step 1. Determine the aspects to be assessed
in the task and their relative importance
The learning outcomes that Stefan will be assessing in this first assignment are
students’ ability to:

✔✔ operate with and represent complex numbers in polar form
✔✔ compute the derivative of functions of a complex variable as a limit
✔✔ identify differentiability of functions of a complex variable
✔✔ calculatve derivatives of simple functions of complex variables.

The assignment hence requires use of concepts and procedures and it involves
calculations and algebraic manipulations. Correct use of mathematical terminology
and the logical flow of the solutions are also important.
In Stefan’s first year units, he normally allocates up to 25% of the marks in an
assessment task to communication. By second year, Stefan hopes that the students
are already in the habit of expressing mathematics clearly so he tends to allocate
fewer marks to communication. However, being the first assignment for this unit,
he thinks it is important to reinforce this aspect, so he allocates 20% of the marks to
communication.

Step 2. Develop the grading/marking scheme
for the task
The table shows the marking scheme Stefan developed for this assignment. For each
question, he outlines the key concepts and procedures and allocates marks to these.
He allocates 1 or 2 marks to each aspect. He will not be giving ‘half’ marks. The
marks for communication are allocated to the whole assignment rather than each
individual exercise.
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Use of key concepts and procedures
Question 1
4 marks

Question 2
6 marks

Question 3
5 marks

Communication

i. Use of properties of elementary
functions of complex variables
(multiplication, division) is
correct.

1

ii. Polar representation is correct.

1

Calculations
All calculations are
• complete (working), and

2

• successful (answer).

1

All calculations are

i. Identify when a complex
function is differentiable
• by calculating derivative
• using Cauchy-Riemann
equations.

1
1

• complete (working), and

2 (1 if minor
errors, 0 if
absent or mostly
incorrect)

ii. Differentiation of complex
functions.

1

• successful (answer).

1

i. Understanding derivative of a
complex-valued function as a
limit.

1

ii. Recognition that limit must
apply in all directions.

1

All calculations are
• complete (working), and

2 (1 if minor
errors, 0 if
absent or mostly
incorrect)

• successful.

1

• The use of mathematical terminology and notation is accurate.

2 (1 if minor
errors, 0 if
absent or mostly
incorrect)

• The solution is clearly structured and links the different parts of the
argument.

2 (1 if only partial,
0 if mostly absent)

All questions
4 marks

Total
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/20 marks

COMMUNICATING
CRITERIA
Step 1. Communicating to students how their
work will be assessed
In addition to the assessment criteria given to the students at the start of semester,
Stefan adds the following written instructions at the beginning of the assignment.

Your assignment will be marked according to the assessment criteria
included in the MATHS201 unit guide.
All steps in your working should be shown. You must express a
mathematical argument clearly in both words and mathematical notation.
Marks are awarded both for reasoning and explaining your working, not
just for the final answer.

Stefan also reinforces this message in lectures.

Step 2. Communicating to the marker(s) how to
grade student work
As this is the first assignment in this unit, Stefan has a meeting with all tutors
prior to the assignment date. He explains the marking scheme to the tutors and
emphasises his expectation for what constitutes a pass level. The written solutions
he gives to the tutors are annotated identifying each aspect indicated in the
marking scheme.
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ANNOTATED SOLUTIONS
FOR MARKERS
Question 1
First	
  Method:    Using  the  complex  conjugate  of  denominator  
  

1 + i (1 + i ) (1 − i) (1 + i) (1 + i) 1 + (−1) + i + i 2i
= = i   
=
=
=
1 − i (1 − i )(1 − i )
2
(1 − i)2
12 + 12

  

Therefore  

1 − i = 1 − i eiArg (1−i ) = 2 e−π i / 4

Therefore  
  

Calculations

1+ i
= i .  
1− i

  
Second	
  method:    The  polar  representations  of  the  two  complex  
numbers  are:  
  
    
1 + i = 1 + i eiArg (1+i ) = 2 eπ i / 4
  

Key concept (i)

  

1+ i
2 eπ i / 4
=
= eπ i / 2 = i   
−π i / 4
1− i
2e
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Key concept (ii)

Calculations

Question 2
(a)      The  first  term  

z+2
    is  a  quotient  of  polynomials  and  it  is  
z − 2i

defined  and  differentiable  for  all    𝑧𝑧 ∈ ℂ  for  which    
𝑧𝑧 − 2𝑖𝑖 ≠ 0  .  The  second  term  is  a  polynomial,  and  so  it  is  
defined  and  differentiable  for  all  ∈ ℂ  .  Their  quotient  is  
defined  on  ℂ\  2𝑖𝑖  .  Therefore  f(z)  is  defined  on  ℂ  \2𝑖𝑖    .  

  
Using   that   the   derivative   of   zn   is   nzn-‐1   when   n   is   and   integer,  
along  with  the  properties  of  a  derivative,  it  follows  that  
  
𝑧𝑧 − 2𝑖𝑖 − 𝑧𝑧 + 2
+ 10 𝑧𝑧 − 2 !
𝑓𝑓 ! 𝑧𝑧 =   
𝑧𝑧 − 2𝑖𝑖 !
2 + 2𝑖𝑖
=−
   + 10 𝑧𝑧 − 2 !   
𝑧𝑧 − 2𝑖𝑖 !
(b)        𝑓𝑓 𝑥𝑥, 𝑦𝑦 = 𝑢𝑢 𝑥𝑥, 𝑦𝑦 + 𝑖𝑖𝑖𝑖(𝑥𝑥, 𝑦𝑦),  with  
                    𝑢𝑢 𝑥𝑥, 𝑦𝑦 = 3𝑥𝑥 + 𝑦𝑦 !   and    𝑣𝑣 𝑥𝑥, 𝑦𝑦 = 2𝑥𝑥𝑥𝑥 + 𝑦𝑦.    
  
The   function   𝑓𝑓 𝑥𝑥 + 𝑖𝑖𝑖𝑖   is   differentiable   when   the   Cauchy-‐
Riemann  equations  are  satisfied.    
  
Taking  partial  derivatives  
𝜕𝜕𝜕𝜕
= 3,
𝜕𝜕𝜕𝜕

  

𝜕𝜕𝜕𝜕
= 2𝑦𝑦,
𝜕𝜕𝜕𝜕

We  need  to  solve              
!"
!"

  

!"

!"

=−
=

!"

!"

!"
!"

!"
!"

=−

𝜕𝜕𝜕𝜕
= 2𝑦𝑦,
𝜕𝜕𝜕𝜕

!"

!"

      and      

!"

!"

=

𝜕𝜕𝜕𝜕
= 2𝑥𝑥 + 1  
𝜕𝜕𝜕𝜕

!"
!"

.  

        when  2𝑦𝑦 = −2𝑦𝑦,  which  occurs  only  when    𝑦𝑦 = 0.  

        only  when  2𝑥𝑥 + 1 = 3,  or  𝑥𝑥 = 1.  

Therefore  𝑓𝑓 𝑥𝑥 + 𝑖𝑖𝑖𝑖   is   differentiable   only   for  𝑥𝑥 = 1, 𝑦𝑦 = 0,   or  
for  the  complex  number  𝑧𝑧 = 1.  
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Key concept (i)

Calculations

Key concept (ii)

Calculations

Key concept (ii)

Calculations

Question 3
The  derivative  of  a  complex-‐valued  function  𝑓𝑓(𝑧𝑧)  exists  at  𝑧𝑧 = 0  
when  the  limit    
𝑓𝑓 0 + 𝑤𝑤 − 𝑓𝑓(0)
  
lim
!→!
𝑤𝑤
  
exists  for  all  complex  numbers  w  tending  to  0.      
We  explore  this  limit  in  two  directions:  
  
� w	
  =	
  h  is  a  real  number,  then  
ℎ!
𝑓𝑓 0 + 𝑤𝑤 − 𝑓𝑓(0)
𝑓𝑓 ℎ − 𝑓𝑓(0)
ℎ = lim ℎ
lim
=    lim
= lim
!→!
!→!
!→! ℎ
!→! ℎ
𝑤𝑤
ℎ
= 1  
(using  that  ℎ = ℎ  when  ℎ  is  real).    
  
� w	
  = 𝑖𝑖ℎ  ,   where   h   is   a   real   number,   then  𝚤𝚤ℎ = −𝑖𝑖ℎ  and  
hence  
  
𝑓𝑓 0 + 𝑤𝑤 − 𝑓𝑓(𝑧𝑧! )
𝑓𝑓 𝑖𝑖ℎ − 𝑓𝑓(0)
=    lim
lim
!→!
!→!
𝑤𝑤
𝑖𝑖ℎ
𝑖𝑖ℎ ! 𝚤𝚤ℎ − 0
(𝑖𝑖ℎ)! (−𝑖𝑖ℎ) − 0
= lim
= lim
!→!
!→!
𝑖𝑖ℎ
𝑖𝑖ℎ
−(𝑖𝑖ℎ)!
= lim
=    −1  
!→! (𝑖𝑖ℎ)!
  
Since  this  limit  depends  on  the  direction  in  which  w  approaches  
zero,  the  derivative  of  𝑓𝑓(𝑧𝑧)  does  not  exist  at  𝑧𝑧 = 0.  
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Key concept (i)

Calculations

Calculations

Key concept (ii)

3

EXAMPLE

REAL ANALYSIS

This example shows a
criteria based assessment
approach for a unit that has
an emphasis on proof.
CONTEXT
MATHS202 is a second year unit for
students intending to continue their study
of mathematics. The learning outcomes of
the unit include developing an appreciation
for rigour in mathematical proof and
understanding the theory behind concepts
like Riemann integration, which students
will already be familiar with at a procedural
level. The assessment of this unit includes
six assignments with an emphasis on writing
rigorous mathematical proofs, using theorems
and definitions to justify arguments, and
developing communication skills.
The example under consideration covers
most of these learning outcomes.
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SETTING UP THE
ASSESSMENT FRAMEWORK
Juanita is the coordinator of MATHS202. After teaching the
same subject in the previous semester, she realised that there
are so many ways that students can write a proof for any
question, that her marking scheme and instructions to her
tutors needed to be broad. For MATHS202, the assignments
were designed to build students’ ability to use definitions and
theorems, and to apply conceptual understanding to construct
a proof. However, many also included some questions that
required students to do some calculations.
Juanita thought that criteria based assessment seemed very appropriate in this
setting, since it naturally lends itself to assigning marks for concepts as opposed
to procedural type calculations. She also thought that this would allow tutors more
flexibility to use their own judgement in assigning marks to individual student’s work.
It was also beneficial to students, since the marking could be nuanced to a particular
line of reasoning that may well be different from her own.
Looking through the assessment criteria table, Juanita selects the categories below
which she feels will cover the assessment requirements of the course adequately.
Although not all of the criteria will be appropriate for each piece of assessment,
she feels that students will be better prepared for the course if the whole range of
requirements are available from the beginning of the semester. She only includes
the description of what constitutes the “Accomplished” standard. Finer levels of
achievement will be established for each piece of assessment.
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Criterion
Knowledge and
procedures

Communication

Proofs

Expected standard

Understanding of key concepts and
techniques

• All key concepts and techniques
required to solve the task are
articulated and applied clearly and
concisely.

Mathematical manipulations and
computations

• All algebraic manipulations and
calculations required to solve the task
are successful and complete.

Use of mathematical terminology and
notation

• The use of mathematical terminology
and notation is rigorous.

Clear expression

• The work is clearly structured.
• Full and precise sentences are used,
accurately linking the different parts of
the argument.

Proof structure

• Proof structure used (direct, induction,
contradiction, etc.) is appropriate and
clearly articulated.

Use of hypotheses

• The use of hypotheses is correct and
explicit.

Logical reasoning

• The mathematical reasoning is rigorous
and consistent.

Justification and completeness

• The proof is complete, with all steps
correctly justified.

Conclusion

• Conclusion follows accurately the
argument provided and indicates the
end of the proof.

Criteria
based assessment
is appropriate for
grading mathematical
proofs; they allow to
focus on concepts
rather than
procedures.
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THE ASSESSMENT TASK
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DEVELOPING ASSESSMENT
CRITERIA FOR THE TASK
Step 1. Determine the aspects to be assessed
in the task and their relative importance
The learning outcomes that Juanita will be assessing in this assignment are:

✔✔ Understanding and use of appropriate definitions
✔✔ Appropriate use of mathematical terminology and notation
✔✔ Logical reasoning and proof structuring
✔✔ Accurate computations
✔✔ Clear expression.

Hence this task will cover all aspects outlined to students at the start of the unit:
knowledge and procedures, communication and proofs.
As this is the first unit in analysis that students undertake, an emphasis is placed on
writing proofs and using definitions correctly. Therefore Juanita allocates 75% of
marks to logical reasoning, stating definitions and creating a sound proof. A further
15% of marks are allocated to readability and clarity of the arguments developed.
Only 10% of marks are allocated to calculations, since they are particularly simple for
second year students.
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Step 2. Develop the grading/marking scheme
for the task
Here is the marking scheme for this assessment task:
Use of key concepts and procedures
Question 1
6 marks

Question 2
6 marks

Question 3
8 marks

Calculations

i. Definitions of sup and inf must
be used.

2

ii. Structure of proof and logical
reasoning.

2

iii. Justification and statement of
conclusion.

1

iv. Readability.

1

i. Structure of inductive proof and
logical reasoning.

2

ii. Conclusion stated clearly.

1

• complete (working), and

iii. Readability.

1

• successful (answer).

i. Definitions stated correctly.

3

ii. Identification of possible L.

1

iii. Choice of appropriate M.

1

iv. Structure of proof.

2

All calculations are

All calculations are
• complete (working), and

1

• successful.

Total
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1 (0 if absent or
mostly incorrect)
1

/20 marks

COMMUNICATING
CRITERIA
Step 1. Communicating to students how their
work will be assessed
Students are informed at the beginning of semester that the unit is largely about
developing skills in proof writing. They are told that any definitions and theorems
used must be clearly stated and that notation must be used correctly. In lectures,
this is modelled through examples which Juanita includes each time, and through
the tutorials that students attend weekly.
In addition to this, students are told on the assignment:

All students should submit a fully worked solution to these questions.
Please show all working when writing up your solution.
Marks are allocated for working, mathematical accuracy and correct use
of logic and symbols. So, for example, do not use ‘=’ when ‘=>’
is meant.
In the questions below you should model your style of proof on those
that you have seen in lectures and tutorials.

Step 2. Communicating to the marker(s) how to
grade student work
At the beginning of the semester, Juanita has a meeting with all the tutors. She
tells them her expectations about how the unit ought to be assessed, explaining
that her marking scheme is ``open’’ in the sense that students may write a variety of
different proofs and tutors should be looking for structure and rigour, rather than a
particular sequence of steps.
During the semester, tutors are invited to give feedback on the assignment
solutions before marking commences, so that any ambiguities can be clarified.
52 Example 3: Real analysis

ANNOTATED SOLUTIONS
FOR MARKERS
Question 1
Let  S  and  T  be  subsets  of  R  such  that  s  <  t  for  each  s∈S  and  t∈T.  
  
Let  𝛼𝛼 =sup   S   (the   least   upper   bound   of   S)   and  𝛽𝛽 =inf   T   (the  
greatest  lower  bound  of  T).    We  want  to  prove  that  𝛼𝛼 ≤ 𝛽𝛽.  
  
Our  proof  will  be  by  contradiction.  
  
Suppose   that  𝛼𝛼 > 𝛽𝛽.      Since  𝛼𝛼 =sup   S   and  𝛼𝛼 > 𝛽𝛽,  𝛽𝛽  cannot   be   an  
upper   bound   of   S.      Hence   there   exists   an   s0  ∈  S   such   that   s0> 𝛽𝛽.  
But  as  𝛽𝛽 =inf  T,  𝛽𝛽 ≤  t  for  all  t∈T.  Now,  by  definition,  s0<  t  for  all  
t∈T.  
  
Therefore,  𝛽𝛽 < 𝑠𝑠! <   t  for  all  t∈T.  Hence  𝑠𝑠!   is  a  lower  bound  of  T  
which  is  bigger  than  𝛽𝛽.  But  this  is  a  contradiction,  since  𝛽𝛽 =inf  T.  
  
Hence,  sup  S  ≤    inf  T  as  required.  

Somewhere
students will
need to use the
definition of sup
and inf correctly

Award 2 marks
for this

Award up to 2
marks for the
structure of
the proof and
logic of the
argument

1 mark
for overall
readability

Award 1 mark if
the conclusion is
clearly stated and
well justified
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Question 2
Let  p(n)  be  the  statement:  
  
n2	
  +	
  n	
  is	
  divisible	
  by	
  2,	
  for	
  all	
  n∈ 𝑵𝑵.  
  
We  can  write  this  as    
  
∀n ∈ 𝑵𝑵, n! + n = 2𝑘𝑘, 𝑓𝑓𝑓𝑓𝑓𝑓  𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠  𝑘𝑘 ∈ 𝑵𝑵.  
  
Then  p(1)  is  the  statement:  
  
1! + 1 = 2𝑘𝑘, 𝑓𝑓𝑓𝑓𝑓𝑓  𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠  𝑘𝑘 ∈ 𝑵𝑵.	
  
	
  
Since  1! + 1 = 1 + 1 = 2,  then  choosing  𝑘𝑘 = 1 ∈ 𝑵𝑵	
  confirms  that  
p(1)  is  true.  
  
Now  assume  that  p(t)  is  true  for  some  𝑡𝑡 ∈ 𝑵𝑵;  that  is,	
  	
  	
  
  
𝑡𝑡 ! + 𝑡𝑡 = 2𝑘𝑘, 𝑓𝑓𝑓𝑓𝑓𝑓  𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠  𝑘𝑘 ∈ 𝑵𝑵,  
  
and  consider  p(t+1):    (𝑡𝑡 + 1)! + (𝑡𝑡 + 1) = 2𝑠𝑠, 𝑓𝑓𝑓𝑓𝑓𝑓  𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠  𝑠𝑠 ∈ 𝑵𝑵.  
  
Now    
        (𝑡𝑡 + 1)! + 𝑡𝑡 + 1   
= 𝑡𝑡 ! + 2𝑡𝑡 + 1 + 𝑡𝑡 + 1  
= 𝑡𝑡 ! + 𝑡𝑡 + 2𝑡𝑡 + 2  
= 2𝑘𝑘 + 2𝑡𝑡 + 2      (by  inductive  assumption)  
= 2 𝑘𝑘 + 𝑡𝑡 + 1 .  
  
Now   𝑘𝑘 + 𝑡𝑡 + 1 ∈ 𝑵𝑵   𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠  𝑘𝑘, 𝑡𝑡, 1 ∈ 𝑵𝑵 .      So      (𝑡𝑡 + 1)! + (𝑡𝑡 + 1)   is  
divisible  by  2  and  hence  p(t+1)  is  true.  
  
Hence   by   the   Principle   of   Mathematical   Induction,  𝑓𝑓𝑓𝑓𝑓𝑓  𝑎𝑎𝑎𝑎𝑎𝑎  n ∈
𝑵𝑵, n! + n  is  divisible  by  2.  
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Award up to 2
marks for the
correct inductive
proof template

Award up
to 2 marks
for correct
and sensible
calculations in
this step

Award 1 mark
for stating
conclusion
correctly

Award 1 mark
for good
readability

Question 3
	
  

  
  
a) (i)    A  sequence  is  a  function  f  :  ℕ → ℝ.	
  
  
	
  
  
(ii)  L  is  the  limit  of  a  sequence  f  if  
  
  
∀𝜖𝜖 > 0 ∃  𝑀𝑀 ∈ ℕ ∀𝑛𝑛 > 𝑀𝑀 𝑓𝑓! − 𝐿𝐿 < 𝜖𝜖.  
  
  
  
  
(iii)  A  sequence  f	
  converges  if  and  only  if  there  exists  an    
  
L	
  as  described  in  (ii).  
  
  
  
b) (i)    Note  that  
  
  
3
3𝑛𝑛
  
<   
2𝑛𝑛! − 1 𝑛𝑛
  
⇔ 3𝑛𝑛! < 3 2𝑛𝑛! − 1 = 6𝑛𝑛! − 3   𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠  𝑛𝑛 > 0   
  
                                                                                                ⇔ 3 < 3𝑛𝑛! ,  
  
                                              which  is  true  for  all  𝑛𝑛 > 1.  
  
  
  
3𝑛𝑛
  
  𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐  𝑡𝑡𝑡𝑡  𝐿𝐿 = 0.  
We  think  that  the  sequence  𝑓𝑓! =
1 − 2𝑛𝑛!
  
  
  
!!
Let     𝑓𝑓!   : ℕ → ℝ,	
   	
    𝑓𝑓! =
  be  
a  
sequence.  
  
Let  𝜖𝜖
>
0  and  
choose    
  
!!!!!
!
  
M  =   .      
!
  
  
  
Then  ∀𝑛𝑛 > 𝑀𝑀  we  have  
  
3
< 𝑀𝑀 < 𝑛𝑛  
  
𝜖𝜖
  
3
    ⟹ < 𝜖𝜖  
  
𝜖𝜖
!!
!!
!
                                                                                    ⟹ ! < 𝜖𝜖  (since   ! <   as  shown  earlier)     
!! !!
!! !!
!
  
3𝑛𝑛
3𝑛𝑛
⟹
=
− 0 < 𝜖𝜖  
  
2𝑛𝑛! − 1
1 − 2𝑛𝑛!
  
as  required.
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3 marks here.
Award 1
mark for each
definition that
is correctly
stated

Award 1 mark
for sensible
exploration to
find bounding
function

Award 1 mark
for sensible
exploration to
find bounding
function
Award 1 mark
for guessing a
sensible limit

Award up to 2
marks for proof

Award 1 mark
for calculation

56 Example 3: Real analysis

4

EXAMPLE

FIRST YEAR
INTRODUCTORY
STATISTICS
This example shows an approach to
using criteria for assessing reports,
which is based on the structure of the
report. This approach is particularly
useful for guiding students with
no experience in report writing,
signalling what they are expected to
include in each section of the report.
CONTEXT
STATS101 is a first year introductory
statistics unit designed for science students
who have not completed a calculus based
subject at school. The aim of STATS101 is
to develop an understanding of the basic
concepts of statistics and mathematical
modelling in science.
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SETTING UP THE
ASSESSMENT FRAMEWORK
Priya is the coordinator of this unit. She inherited all teaching
materials for the unit, and decided to keep them unchanged.
The learning outcomes state the following:

On completion of this unit students will be able to:
✔✔ collect and analyse statistical data
✔✔ use Excel to present and interpret data in numerical summaries and/
or graphs
✔✔ use appropriate statistical summaries to explore and draw
conclusions from numerical data
✔✔ perform regression and interpret results
✔✔ determine confidence intervals
✔✔ conduct hypothesis testing and interpret results
✔✔ apply key steps of the scientific method to real problems that
involve data analysis and interpretation
✔✔ communicate findings through a scientific report.
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After giving careful thought to the unit learning outcomes, Priya concludes that the
assessment criteria for the whole unit could be expressed by just three dimensions:

KNOWLEDGE AND PROCEDURES
• Understanding of key concepts and techniques
• Mathematical manipulations and computations.

COMMUNICATION
• Explain process followed
• Use of mathematical terminology and notation
• Defining variables
• Graphs and diagrams
• Clear expression
• Appropriate for audience.

USE OF SOFTWARE
• Appropriate use of software.
Using the criteria table shown in the previous section Priya constructs the assessment
criteria for the unit and includes them in the unit guide she hands out to students at
the start of semester.

THE ASSESSMENT TASK
Students are asked to write a report about car drivers’ reactions between seeing and
recognizing a hazard on the road and responding to it by stopping the car. They are
given a data base spreadsheet, and are asked to answer the following questions,
using appropriate sampling methods and statistical analyses:
1. What is a person’s average response time to a visual stimulus?, and
2. Is a person’s reaction time related to their physical characteristics?
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DEVELOPING ASSESSMENT
CRITERIA FOR THE TASK
Step 1. Determine the aspects to be assessed
in the task and their relative importance
This is the subset of unit learning outcomes Priya aims to assess:

✔✔ Collect and analyse statistical data
✔✔ Use Excel to present and interpret data in numerical summaries
and/or graphs
✔✔ Use appropriate statistical summaries to explore and draw
conclusions from numerical data
✔✔ Apply key steps of the scientific method to real problems that
involve data analysis and interpretation
✔✔ Communicate findings through a scientific report.

There are two main aspects to be assessed in this task. The first involves statistical
concepts. Students need to show they can use appropriate sampling techniques to
collect data, interpret the data and draw conclusions from it. The second aspect is
communication. Students are required to write a scientific report in a standard format,
include a short literature survey, and display the data and results in an appropriate
format using clear and concise language.
Priya wants to be sure that her students cannot pass on communication marks alone,
and so will assign more weight to the statistical concepts and less weight to the
communication aspect. On the other hand, she also wants to ensure that a student
cannot get a high distinction without showing good communication skills.
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Step 2. Develop the grading/marking scheme
for the task
Priya decides that the assessment criteria for this task will be based on the report
structure, assigning marks to the different parts of the report (abstract, introduction,
method, results and analysis, discussion, conclusion and references). Past experience
has shown Priya that many students lack confidence and skills in report writing. As
for most students this will be the first report writing task they will do at university, she
would like to provide some guidance to students through the assessment criteria. The
assessment criteria hence become a checklist for the preparation of the assignment.
The assessment piece is worth 5% of the final mark for STATS101, so the logical
total mark for the task would be 5 or 50 marks. But, in an effort to avoid half marks
anywhere, Priya elects to mark out of 100. She assigns the marks for each section as
follows: Abstract & Introduction (10%), Method (20%), Results and Analysis (30%),
Discussion (20%), Conclusion (10%), and Quality of Writing and References (10%).
The sections that assess statistical concepts are Method, Results and Analysis, and
Discussion. These sections make up 60% of the marks. So, students will need to
show knowledge of the statistical concepts involved to pass.
Priya selects 5 levels of accomplishment. The levels are Excellent (10–9 marks), Good
(8–6 marks), Pass (5 marks), Below Standard (4–1 marks) and Not Shown (0 marks).
The assessment criteria with full descriptors are shown in Table 1.

I provide
guidance to
students through
the assessment
criteria, which become
a checklist for the
preparation of the
assignment.
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TABLE 1: ASSESSMENT CRITERIA FOR THE TASK

Abstract and
introduction

Method

Results and
analysis

Discussion

Excellent

Good

Pass

Below standard

The abstract is clear
and concise.

Abstract can be
followed but is not
clear and/or concise.

Abstract can be
followed but is
neither clear nor
concise.

Abstract is
incomplete or
incomprehensible.

Aims of the
investigation are
clearly stated AND
background info
articulated.

Aims of the
investigation are
stated AND some
background info
articulated.

Attempt has been
demonstrated to
include aims AND
background info
but is not described
clearly.

Aims and
background
info incomplete,
mostly incorrect or
incomprehensible.

The process
followed is described
accurately and clearly
and is reproducible.

Explanations include
critical components
of process followed
but are somewhat
difficult to
understand.

Process described
is correct, can be
followed but is not
described clearly.

Process described
is not reproducible,
mostly incorrect or
incomprehensible.

Most appropriate
sampling method
is chosen to best
represent the
population and is
clearly justified.

Most appropriate
sampling method
is chosen to best
represent the
population but
justification is not
clear.

Most appropriate
sampling method
is chosen to best
represent the
population but
choice is not
justified.

Sampling method
chosen is not
appropriate.

The section is
structured well
including clear and
concise description
of any trends.

The structure of the
section is evident,
but the links between
the different parts
are not clear.

The section has no
clear structure and
the links between
the different parts
are lacking.

The section is mostly
incomprehensible,
consisting of a series
of disconnected or
irrelevant strings of
expressions.

All key concepts and
statistical techniques
required to solve
the problem are
articulated and
applied clearly and
concisely.

Most key concepts
and techniques
required to solve the
problem are applied
correctly.

Only the simplest
key concepts and
techniques required
to solve the
problem are applied
correctly.

Most key concepts
and techniques
required to solve
the problem are
absent or applied
incorrectly.

All the graphs and/
or diagrams are
appropriate for
the problem and
presented accurately
and fully detailed.

Most graphs and/
or diagrams are
appropriate for the
problem, but lack
some detail that
hinder understanding
of response.

Some graphs
and/or diagrams
are generally
appropriate for the
problem, but have
inaccuracies and/or
lack detail.

The graphs and/
or diagrams are
inappropriate for the
problem, lack most
essential details, or
are incomplete.

Interpretation of
results is accurate,
contextualized to
the problem and
presented clearly and
concisely.

Interpretation of
results is mostly
accurate and
contextualized to the
problem.

Interpretation of
results is partially
correct.

Interpretation of
results is mostly
incorrect or
incomprehensible.
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Excellent

Good

Pass

Below standard

Discussion

Justification of the
answer is founded
well in literature.

Justification of the
answer is articulated,
with minor flaws.

Justification of the
answer is attempted
but not complete.

Justification has
flaws that suggest
conceptual
misunderstandings.

Conclusion

Conclusion is correct,
accurately addresses
all aspects of the
problem, and is
stated clearly and
concisely.

Conclusion is explicit
and mostly correct,
but it does not
address all aspects of
the problem.

Conclusion is not
explicit but is
basically correct.

Conclusion is mostly
incorrect.

Quality of
writing and
references

The work is clearly
structured
Full and precise
sentences are used,
accurately linking the
different parts of the
argument.

The work presented
has some structure
and can be followed.
The construction of
sentences and links
between the different
parts are lacking.

The work presented
can be followed,
but has no clear
structure and the
construction of
sentences and
links between the
different parts are
lacking.

The work is mostly
incomprehensible,
consisting of a series
of disconnected or
irrelevant strings of
expressions.

The language and
approach used are
appropriate for the
target audience.

The language and
approach used are
mostly appropriate
for the target
audience.

The language
and approach
used are generally
appropriate for the
target audience.

The work is mostly
incomprehensible
for the target
audience.

All data sources are
cited in text briefly
and fully at end of
report.

Most data sources
are cited in text
briefly and fully at
end of report.

Some data sources
are cited in text but
are not consistently
or properly
referenced.

Data sources not
cited properly
within the text or
are not properly or
referenced at the
end.
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COMMUNICATING
CRITERIA
Step 1. Communicating to students how their
work will be assessed
As stated above, the purpose of using the report structure as the basis for articulating
assessment criteria was to provide a guide to students, and signal the standard
expected for their work. Therefore Priya attaches the task specific criteria to the
description of the assessment task. She would like students to focus on what is
required to obtain a high distinction, so she only gives them the descriptors for an
excellent grade, and the marks associated to each part of the report (see Table 2).
Table 1 with descriptors for all achievement levels (but without mark spread) will be
available to students online. Priya and her tutors will also discuss these with students
during lectures and tutorials.

Step 2. Communicating to the marker(s) how to
grade student work
STATS101 tutors will mark the assignments for their own tutorial groups. In the
past Priya has found that tutors can sometimes differ in their interpretation of what
constitutes a pass level, especially when it comes to report writing. This is one of the
reasons Priya has put together Table 1 with very detailed descriptors of performance
levels, and highlighted the pass level. In addition, Priya develops a marking sheet,
as shown in Table 3.
The tutors will use Table 1 as a reference to allocate marks in the marking sheet
(Table 3). For each section of the report, tutors will make a judgement about what
grade descriptor best portrays the quality of the section, and then decide whether
this is at higher, middle or lower end of the grade range. This makes it easier to
allocate a mark for each section and calculate the overall mark for the student’s work.
This is the first time that Priya has provided so much detail, but nonetheless she will
still hold a face-to-face meeting with tutors to ensure consistent marking. When they
meet they will test the marking scheme with a few assignments submitted by the
students and discuss the overall comments they should be giving to them.
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TABLE 2: ASSESSMENT CRITERIA GIVEN TO STUDENTS TOGETHER 		
WITH THE TASK
Criteria
Abstract and
introduction

The abstract is clear and concise.

Method

The process followed is described accurately and clearly to be
reproducible.

Aim of the investigation is clearly stated PLUS background information
articulated.

Most appropriate sampling method is chosen to best represent the
population and is clearly justified.
Results and
analysis

Marks

10

20

The section is structured well including clear and concise description of
any trends.
All key concepts and statistical techniques required to solve the problem
are articulated and applied clearly and concisely.

30

The graphs and/or diagrams are appropriate for the problem and
presented accurately and fully detailed.
Discussion

Interpretation of results is accurate, contextualized to the problem and
presented clearly and concisely.

20

Justification of the answer is founded in literature.
Conclusion

Conclusion is correct, accurately addresses all aspects of the problem,
and is stated clearly and concisely.

Quality of
writing and
references

The work is clearly structured. Full and precise sentences are used,
accurately linking the different parts of the argument.
The language and approach used are appropriate for the target
audience.
Data sources are cited in text briefly and fully at end of report.

65 Example 4: First year introductory statistics

10

10

TABLE 3: MARKING SHEET
Criteria
Abstract and
introduction

The abstract is clear and concise.

Method

The process followed is described accurately and clearly to be
reproducible.

Aim of the investigation is clearly stated PLUS background info
articulated.

Most appropriate sampling method is chosen to best represent the
population and is clearly justified.
Results and
analysis

The section is structured well including clear and concise description of
any trends.
All key concepts and statistical techniques required to solve the problem
are articulated and applied clearly and concisely.
The graphs and/or diagrams are appropriate for the problem and
presented accurately and fully detailed.

Discussion

Interpretation of results is accurate, contextualized to the problem and
presented clearly and concisely.
Justification of the answer is founded well in literature comparison.

Conclusion

Conclusion is correct, accurately addresses all aspects of the problem,
and is stated clearly and concisely.

Quality of
writing and
reference

The work is clearly structured. Full and precise sentences are used,
accurately linking the different parts of the argument.
The language and approach used are appropriate for the target
audience.
Data sources are cited in text briefly and fully at end of report.
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Excellent
10 - 9

Good
8-6

Pass
5

Below
standard
4-1

Not shown
0

/10

/20

/30

/20

/10

/10

Overall comments

67 Example 4: First year introductory statistics

/100

Assessment criteria articulate to students what
they are required to do to complete a task
successfully or to achieve a particular grade.
They signal what students should focus on
and hence direct their learning efforts. On the
other hand, student work is graded using the
established criteria, and so provide certification
of students’ levels of achievement to the
community at large.
Although assessment criteria are widely used in
many disciplines, they are not commonly present
in the context of undergraduate mathematics.
This guide aims to address this gap and support
effective mathematics assessment practices in
higher education.
This guide is designed for novice mathematics
lecturers as well as more experienced lecturers
who are making the transition to criteria based
assessment.
This guide features:
• the language for describing levels of
achievement in various dimensions of
mathematics assessment
• guidelines to follow when designing
assessment criteria
• worked examples illustrating the use of
assessment criteria in undergraduate
mathematics.
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