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Executive summary
The primary aim of this project was to develop a tool that enables academic staff to
evaluate the fitness for purpose of their assessment tasks. This was important because
measurement of the capacity of a task to allow students to prove their achievement of
threshold learning outcomes is critical within the new Australian tertiary education
regulatory framework. Development of the tool was carried out in multiple stages over the
duration of the project and the tool itself, available on the project website, forms an
important output.
The tool first classifies the level of engagement of an assessment task with a learning
outcome at one of three levels—A (addressed), meaning that the task exposes students to
some aspect of the learning outcome; D (demonstrated), meaning that students are
explicitly directed to demonstrate their achievement of the outcome; or C (credited),
meaning that students are given some credit or marks for their achievement of the
outcome. For tasks that achieve a C for a particular learning outcome, a much more detailed
analysis is then performed examining the depth and breadth to which the learning outcome
is credited, and whether the student could pass or not without achieving at that level. After
the lengthy iterative process of developing and refining the tool, the final set of 45
assessment tasks was re-evaluated with the final version of the tool. At this stage, the large
project team was critical to the success of the project because the evaluation process is
demanding. Even at this final stage, consensus between team members was sometimes
difficult to reach regarding a task’s rating. This illustrates how much personal experience
and values can influence views on the functioning of assessment tasks.
The process of building this tool involved many stages of testing against sets of assessment
tasks, individual and group reflection and discussions, refinement of the tool to combat
observed problems with its application, further testing with other assessment tasks and
further refinement. The final tool is sophisticated and can be applied to evaluate any
assessment task against any desired learning outcome. During the process, the project team
experienced a transformation in understanding of how assessment can and should operate,
and this is an important outcome of the project.
The project outcome of increased awareness of, and deeper thinking about, assessment
extends beyond the project team because the chemistry academic community in Australia
was involved in the project at many different stages. First, all chemistry academics were
invited to submit assessment tasks to help with testing and refinement of the tool, and
around 12 were generous with their time and shared their tasks. During the submission
process their attention was drawn to some of the same issues encountered by the project
team. Later, chemistry academics were invited to participate in free workshops during
which the current version of the tool was discussed and again they were exposed to the
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critical issues being discussed within the project team. Additional assessment tasks were
evaluated during the workshops and tasks contributed by workshop participants were
included. Feedback from members of our community indicate that these workshops were
transformative for some participants and all have deepened their appreciation of the
importance of assessment design.
The outcome of expanded appreciation of the importance and complexity of assessment
was achieved in parallel, and intertwined with, the process of developing and refining the
evaluation tool. The significance of chemistry academics taking ownership of a new view of
assessment cannot be emphasised too strongly. The adoption of the new federal regulatory
regime in Australia requires that students must be provided with tasks that allow them to
prove their achievement of diverse learning outcomes beyond subject matter knowledge.
To adequately design and assess such tasks, academic staff must appreciate the inadequacy
of their previous modes of assessment. Within the new regime, assessment is more
precisely specified through marking criteria, making it fairer and more reliable. Detailed
checking of assessment tasks against desired learning outcomes also ensures their validity.
We are pleased with the progress in this area but also aware that a single project is not
sufficient and ongoing professional development will be required to sustain this outcome.
The Chemistry Discipline Network gives a platform to continue this work.
A secondary aim of the project was to collect a set of exemplar assessment tasks for
different learning outcomes that can be adopted or adapted by others for their own use.
This was achieved, although not every chemistry threshold learning outcome (CTLO) is
covered within the set of exemplars so far collated. The exemplars are available within a
searchable part of the project website. This output is available to the community and is also
of interest internationally.
A final output that was not in the initial project design is an online version of the workshop
that was built in response to the positive feedback received about them. This will allow
people to experience the transformational learning experience that applying the tool gave
to workshop participants.

Assessing the assessments: evidencing and benchmarking student learning outcomes in chemistry

iv

Table of contents
Acknowledgments....................................................................................................................... i
List of acronyms used ................................................................................................................ ii
Executive summary ................................................................................................................... iii
Tables and figures .................................................................................................................... vii
Tables ................................................................................................................................... vii
Figures .................................................................................................................................. vii
Chapter 1: Background .............................................................................................................. 1
Chapter 2: Approach/Methodology .......................................................................................... 5
2.1 Online portal for lodging assessment tasks ..................................................................... 5
2.2 Workshops: conversations with colleagues..................................................................... 5
2.3 Evaluation of tasks ⇌ Development of evaluation framework ....................................... 6
Chapter 3: Outcomes ................................................................................................................. 7
3.1 Task-evaluation tool......................................................................................................... 7
3.1.1 Development and rationale ...................................................................................... 7
3.1.2 Designing the electronic task-evaluation tool .......................................................... 9
3.2 Assessment tasks ........................................................................................................... 12
3.2.1 The submitted tasks ................................................................................................ 12
3.2.2 Assessment of the tasks by the team ..................................................................... 13
3.2.3 Exemplar tasks ........................................................................................................ 14
3.2.4 Potential exemplar tasks......................................................................................... 14
3.2.5 Using the evaluation tool and exemplars to improve assessment practice ........... 15
3.3 Professional development ............................................................................................. 16
3.3.1 Project workshops .................................................................................................. 16
3.3.2 Purpose of assessment ........................................................................................... 17
3.3.3 Levelling: using Bloom’s taxonomy......................................................................... 18
3.3.5 Outcomes of workshops ......................................................................................... 20
Chapter 4: Impact .................................................................................................................... 22
4.1

Synergy of this project and the ChemNet ................................................................. 22

4.2

Chemistry accreditation: RACI .................................................................................. 23

Assessing the assessments: evidencing and benchmarking student learning outcomes in chemistry

v

4.2.1 Approach ................................................................................................................. 23
4.2.2 Outcomes ................................................................................................................ 24
Chapter 5: Conclusions ............................................................................................................ 26
References ............................................................................................................................... 27
Appendix A: Certification by Deputy Vice-Chancellor (or equivalent) .................................... 31
Appendix B: External Evaluator’s Report ................................................................................. 32
Appendix C: Flowchart of action research sequence .............................................................. 37
Appendix D: Questions in the original online task submission portal ..................................... 38
Appendix E: Listing of workshops and team meetings ............................................................ 41
Appendix F: Workshop timetable ............................................................................................ 43
Appendix G: Introductory workshop exercises........................................................................ 44
Appendix H: Pages of the assessment evaluation tool ............................................................ 46
Appendix I: Outputs ................................................................................................................. 48
Appendix J: IMPEL framework ................................................................................................. 49
Appendix K: Contacts/requests ............................................................................................... 50
Appendix L: Chemistry threshold learning outcomes (CTLOs) ................................................ 52

Assessing the assessments: evidencing and benchmarking student learning outcomes in chemistry

vi

Tables and figures
Tables
Table 1: Assessment ratings in the final tool. ............................................................................ 9
Table 2: Complex project-type task: assessment summary. ................................................... 15

Figures
Figure 1: The ‘four-square’ response grid. ................................................................................ 8
Figure 2: Possible responses using the ‘four-square’ grid. ........................................................ 8
Figure 3: Flow chart map of evaluation procedure showing all possible outcomes. .............. 10
Figure 4: Evaluation summary of an assessment task, a third-year assignment..................... 11
Figure 5: The ADC conceptual framework of assessment practice. ........................................ 11
Figure 6: Summary of CTLO coverage among assessed tasks. ................................................ 13
Figure 7: Evaluation summary of the assessment of a complex project-type task. ................ 16
Figure 8: Perceived importance of various purposes of assessment. ..................................... 18
Figure 9: Classifications assigned for the cognitive dimension of the revised Bloom’s
taxonomy. ................................................................................................................................ 19
Figure 10: Classifications assigned for the knowledge dimension of the revised Bloom’s
taxonomy. ................................................................................................................................ 19
Figure 11: Perceived value of components within the workshops conducted. ...................... 20
Figure 12: Distribution of coverage of CTLOs by units of study (n = 129) and assessment tasks
(n = 452) self-reported by institutions seeking accreditation (n = 7) in the first year of the
accreditation. ........................................................................................................................... 25

Assessing the assessments: evidencing and benchmarking student learning outcomes in chemistry

vii

Chapter 1: Background
In Australia, and increasingly worldwide, higher education institutions define attributes that
graduates are expected to attain through their education (Barrie, 2004, 2007). Such
attributes aim to describe, in the most general terms, what a graduate of that institution
knows, understands and can do. In most cases, they include both academic and societal
aspects such as community responsibility and ethical behaviour (Hager, Holland & Beckett,
2002; Macquarie University, n.d., The University of Sydney, n.d). Although frequently
aspirational, graduate attributes or capabilities illustrate the philosophy of each institution
and, to some extent, inform the curriculum as a series of outcomes (De la Harpe & David,
2012; Hughes & Barrie, 2010). Such outcomes can be aligned to shared national (American
Chemical Society, 2015) or international (Pinto, 2010) normative practices and present a
complex array of imposts on curriculum.
The elucidation of outcomes within a curriculum is seen as an essential cue to both learner
and teacher about the intention of a learning environment (Biggs, 1996). Effective alignment
of the objectives of the teacher to the outcomes for a learner is mostly influenced by what
students do (Biggs, 1999) and, within the learning environment, this is most frequently
measured through assessment (Meyers & Nulty, 2009). Assessment of such outcomes,
especially those that are shared (Hager, 2006) or are transferable across discipline
boundaries (Kemp & Seagraves, 1995), presents challenges (Green, Hammer & Star, 2009).
These challenges emerge from a shared understanding of the outcomes between teacher
and learner as well as from those outside the immediate learning environment.
Assessment aligned to desirable outcomes can establish lifelong learning (Boud & Falchikov,
2006) and skills necessary for employability (Jackson, 2015). In the science curriculum, there
is frequently a gap between what is intended by teachers and what is actually achieved by
learners (Van den Akker, 1998) and, by extension, there is a gap in how the learner is
assessed (Bryce & Robertson, 1985). This is especially true when intangible outcomes are
reduced to facile assessment practices (Bowman, 2013). Thus, reforming assessment is
necessary to improve outcomes in higher education by designing better tasks that clearly
identify thresholds, and specifying how these tasks contribute towards the attainment of a
degree (Sadler, 2015).
In this context, the corresponding regulatory requirements for Australian institutions have
been expressed in the Higher Education Standards Framework (HESF, Australian
Government, 2015, p. 4) as follows:
1.

2.

The expected learning outcomes for each course of study are specified, consistent with
the level and field of education of the qualification awarded and informed by national
and/or international comparators.
The specified learning outcomes for each course of study encompass discipline-related
and generic outcomes, including:
 specific knowledge and skills and their application that characterise the field(s) of
education or disciplines involved
 generic skills and their application in the context of the field(s) of education or
disciplines involved
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knowledge and skills required for employment and further study related to the
course of study, including those required for registration to practise if applicable,
and
skills in independent and critical thinking suitable for life-long learning.

3.

Methods of assessment are consistent with the learning outcomes being assessed, are
capable of confirming that all specified learning outcomes are achieved and grades
awarded reflect the level of student attainment.

4.

On completion of a course of study, students have demonstrated the learning
outcomes specified for the course of study, whether assessed at unit level, course level,
or in combination.

Statements 3 and 4 above indicate that for institutions to satisfy these requirements their
methods of assessment must be evaluated to ensure they allow demonstration of learning
outcomes. In addition, they imply that all required learning outcomes must have been
demonstrated by every graduate. To ensure that this is the case, the degree structure must
be conditional on attaining the corresponding learning outcomes. Hence, individual
assessment tasks must be structured to facilitate the explicit assessment of these outcomes.
Descriptions of required learning outcomes to which this regulatory framework applies have
been developed by discipline communities through the Learning & Teaching Academic
Standards (LTAS) project (Ewan, 2010). That project was established in 2009 by the
Australian Learning and Teaching Council to facilitate and coordinate the definition and
implementation of academic standards by discipline communities. The Science LTAS project
developed overarching threshold learning outcomes (TLOs) for bachelor degree graduates
(Jones, Yates & Kelder, 2011; Kelder & Jones, 2015). The science TLOs, and their derivatives,
all contain a common structure, grouped around a series of broad outcome statements (first
tier) that are the bases for the more functional statements at the stem (second tier). Read
together, each base and stem embodies a particular aspect of knowledge, skills and/or
attributes that every graduate of the discipline will have explicitly demonstrated upon
graduation through assessment.
Within chemistry, the discipline community developed chemistry-specific TLOs as a
derivative of the science outcomes—the chemistry threshold learning outcomes, the CTLOs
(Buntine, Price, Separovic, Brown & Thwaites, 2011). The CTLOs (Appendix L) were further
elucidated through a series of meetings organised by the Chemistry Discipline Network
(ChemNet), some of which were sponsored by the Royal Australian Chemical Institute (RACI;
Pyke, O’Brien, Yates & Buntine, 2014; RACI; Schultz, Mitchell Crow & O’Brien, 2013; Schultz
& O’Brien, 2017).
As a result of the ChemNet meetings in 2012 and 2013, further levels of detail have been
elucidated for CTLOs 2.1 and 3.3 as a third tier. Within the third tier, CTLO 2.1 has been
expressed as a list that constitutes the core principles and concepts of chemistry, while
CTLO 3.3 lists the practical techniques and tools considered fundamental to this science.
With the regulatory framework and CTLOs established, an approach to determine whether
methods of assessment are adequate to confirm attainment of CTLOs was required. The
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design of assessment tasks is critical because appropriate assessment task design can
optimise student learning (Boud et al., 2010; Gibbs & Dunbar-Goddet, 2009; Gibbs &
Simpson, 2004; Rice, 2011; Sadler, 2015). In contrast, poor task design may, for example:




prevent a ‘good’ student from demonstrating a high level of capability
prevent an ‘average’ student from meeting minimum performance requirements
allow a ‘poor’ student to obtain a passing grade without having met required
threshold outcomes.

Much has been written about assessment design (Boud & Falchikov, 2006; Boud et al., 2010;
Gibbs & Dunbar-Goddet, 2009; Gibbs & Simpson, 2004; Nicol, 2009; Sadler, 1989; Scouller,
1998), yet academic staff who are designing assessment tasks are often unaware of those
reports. This makes review of assessment tasks against shared outcomes by peers
challenging, requiring extensive consultation to permit effective benchmarking (O’Connell et
al., 2016). Two recent projects in Australia in other disciplines have addressed the utility of
peer review of assessment in the context of comparability and standards when
implementing TLOs (Booth, Beckett & Saunders, 2016; Krause et al., 2014). Both found that
if the design of assessment tasks and their review against a priori shared outcomes is to be
effective, a shared understanding must be developed within an agreed framework.
A notable issue for the appropriateness of current assessment practices is the imposition of
the new paradigm of confirming attainment of the TLOs on to existing assessment practices.
In the context of this project, assessment confirming attainment of a TLO, a useful definition
of ‘assessment’ can be stated as ‘a measurement or judgement of student capability with
respect to a specific learning objective’. Therefore, student capability must somehow be
judged so that their attainment of the TLO (or other stated learning objectives) can be
confirmed. The fact that the stated TLOs are now mandatory is a fundamental change to
many existing assessment paradigms where the desired learning objectives have historically
been mainly aspirational. The TLOs are now mandated outcomes, not idealistic objectives
that may or may not be attained by any given graduate. This places the focus on what is
observable in student outputs, rather than on ensuring teachers provide a sufficient number
of inputs for learning. This radical shift means that many tasks that may have reasonably
been claimed as an assessment of a stated learning objective in the past may be found to be
insufficient for confirming attainment of the TLO.
When developing the project scope, the team considered the current body of knowledge
that existed in terms of peer review of assessment, benchmarking of assessment standards
and what has become known as external referencing. This included both national and
international perspectives for assuring that methods of assessment could allow students to
demonstrate the required learning outcomes. We looked at several Australian models of
external referencing of achievement standards established within the higher education
sector. These were at various stages of development, testing and implementation. Some
models are similar in that they examine the validity and reliability of teaching and learning
standards, yet they differ in their methodology with regard to the depth and breadth of the
review (Deane & Krause, 2013). The Teaching and learning standards project process
requires assessment grading of clean copies of stratified randomly sampled assessment
tasks across four grade bands. The methodology of the Group of Eight Quality Verification
System (QVS) system requires that reviewers judge the accuracy of the marked assessment
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items from a stratified random sample across five different grade bands. The Academic
calibration project of the innovative research institutions is closely aligned to the QVS
system. The Peer review of assessment networks project, with its sector-wide options for
calibrating and assuring achievement standards within and across disciplines and other
networks (PRoAN, University of Tasmania), demonstrated a need to support the higher
education sector, particularly those institutions that are non-aligned to university networks,
in using peer review to enhance and assure the quality of both the inputs to and the
outcomes of assessment (Booth, Beckett & Saunders, 2016).
Other recent projects have focused on discipline standards. For example, the Achievement
matters: external peer review of accounting learning standards project is a double-blind
process focused on consensus moderation on the achievement of course-level learning
outcomes of randomly sampled student work drawn across all grades. The external
examining system in the UK is under review in 2016–18 under the leadership of the Higher
Education Academy, and is tasked to consider what, if any, further changes might be
required to improve the assessment standards. This project has taken a similar approach
using a mix of peer review of assessment standards and discipline standards and concluded
that generic staff development as well as precalibration events or consensus moderation
within disciplines are needed.
In this context, in 2014, the Office for Learning and Teaching funded this project Assessing
the assessments: Evidencing and benchmarking student learning outcomes in chemistry (OLT
ID14-3652) with primary goals of establishing a common understanding of how the CTLOs
can be applied and developing a tool to allow academic staff to evaluate the ability of their
assessment items to show demonstration of particular TLOs.
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Chapter 2: Approach/Methodology
The project approach centred on team members and academics in the tertiary chemistry
community developing shared understandings of assessment standards within an action
research framework (Appendix C). A series of concurrent activities were used to develop a
framework or procedure for evaluating the fitness of assessment tasks to provide evidence
of attainment of a CTLO. The interconnected activities involved collecting and evaluating
tasks, developing the framework via an iterative process using the tasks, and providing
professional development workshops to the tertiary chemistry community. In the
workshops, assessment tasks were collected and the framework was trialled at various
developmental stages. Further evaluation of the tasks by the team was used to identify
exemplar tasks and potential exemplars. Thus, the elements of Sadler’s requirements for
developing assessment standards were applied: examples were collected (as opposed to
Sadler’s exemplars) and shared judgements of those tasks were used in developing the
framework; team meetings, especially workshops, were used to provide ways of opening up
tacit knowledge to be shared among academics (Sadler, 2009).

2.1 Online portal for lodging assessment tasks
The first stage of this project required preliminary evaluation of several diverse assessment
tasks to obtain an overview of what would be involved in the evaluation process. It was
critical to not only have access to the assessment task as given to students, but also to
associated documentation (assessment brief), including the criteria for assessment as well
as samples of student work to see how the criteria were applied (student performance
standards). The first assessment tasks evaluated were provided by members of the project
team from their own teaching practice. Over a series of meetings, the team developed and
refined a proforma to gather required information, along with the assessment task and
associated documents, via an online submission portal (Appendix D).
The portal gathered data in sections via questions and checkboxes—first by collecting
information about the task, including how it fitted into the assessment pattern of the unit or
subject of study in which it was used, what it aimed to do, and whether it was compulsory
for all students enrolled in a chemistry major. The portal also asked what types of
knowledge and which, if any, skills and cognitive processes were required to complete the
task based on Bloom’s revised taxonomy (Krathwohl, 2002). The next section allowed the
submitter of the CTLOs’ self-evaluation of what was demonstrated (fully or partially) by
successful completion of the assessment task. Finally, submitters were asked what quality
assurance processes were used in developing the task and how they ensured that the
assessment task was valid and reliable.

2.2 Workshops: conversations with colleagues
In parallel with collecting assessment tasks through the portal, a series of professional
development workshops was held around Australia to inform the chemistry community
about the project, to trial and disseminate the evaluation process (see Appendix E), and to
improve assessment practice. The workshop elements were (i) Introduction to the learning
and teaching landscape and HESF, (ii) exercise in and discussion of purpose of assessment,
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(iii) exercise in and discussion of Bloom’s revised taxonomy, (iv) collection of tasks via the
portal, and (v) evaluation of sample assessment tasks in small groups (see Appendix F and
G).
Discussions at these workshops were guided by the project team’s current suggested
evaluation process (which changed over time) and served to increase awareness within the
chemistry education community of the importance of careful assessment design and the
application of the CTLOs. The workshops highlighted key issues in the design of assessment
tasks to meet the emerging regulatory requirements. The discussion also contributed to the
ongoing development of the project team’s evaluation procedure. Further details of the
process and outcomes of these workshops are reported in section 3.3.

2.3 Evaluation of tasks ⇌ Development of evaluation framework
Independently of the workshops, the team held a series of internal meetings to develop the
procedure for evaluating assessments. This evolved out of the proforma questions used in
the online portal and the collaborative discussions at the meetings, this was based on the
experiences and knowledge gained by assessing the items submitted and commentary from
workshop trials of the process. In addition, because only a small number of assessment
tasks were analysed in the workshops, evaluations of submitted tasks were carried out
individually by submitters using the online portal and then by members of the project team.
Following this, collaborative discussion within the project team led to a consensus
evaluation of each assessment task. This extended process, together with the workshops,
aimed to build a shared understanding of the CTLOs and what is required for an assessment
task to confirm their attainment. Furthermore, tasks were identified as exemplars and
potential exemplars, which could later be made available, with the appropriate approvals,
to improve assessment quality across the sector. Finally, difficulties with the application and
wording of some of the CTLOs were identified. The resolution of these is beyond the scope
of this project but their identification is important for future work.
Thus, the evolving evaluation framework has formed the core of the project. The team has
used an iterative process where the framework developed out of the original proforma and
was further improved through trialling at workshops and by team member evaluation of
tasks and of the framework itself. This iterative process using both nuanced expert use by
team members and feedback from the workshops has yielded a sound outcome—the
evaluation framework housed in the evaluation tool. This will be available via the project
website and will be easily used as it is a spreadsheet-based tool. It will be held with
explanatory notes.
The conduct of the project was approved by the University of Sydney Human Research
Ethics Committee (2016/490).
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Chapter 3: Outcomes
The main outcome of this project sits within the professional development of chemistry
academics across the country due to the shared understandings, experiences and developed
assessment practices arising from taking part in the project. This applies to the team
members, those who submitted tasks, workshop participants and peers of workshop
attendees. This outcome results from development of the main project components: the
evaluation framework and tool, the evaluation of tasks submitted and the professional
development workshops. These all progressed concurrently, each intertwined with and
informing the others.
The outputs are the evaluation tool itself, the set of exemplar tasks, and an online workshop
to support academics developing assessments and using the tool and the exemplars. These
are housed in the project website, which is attached to the Chemistry Discipline Network
website (http://www.chemnet.edu.au). Dissemination of the project has been carried out at
multiple conferences and via a book chapter (Appendix I).

3.1 Task-evaluation tool
3.1.1 Development and rationale
The development of the evaluation framework and tool came about through an iterative
process with inputs to and feedback from multiple team meetings and workshops
(Appendices C, D and E). The first task within the evaluation procedure of the project
involved two main stages: evaluators were asked whether the task assessed each of the five
broad (first-tier) CTLOs, then subsequently asked whether attainment of these CTLOs was
visible in samples of student work provided. Discussions following these exercises quickly
revealed that what a ‘pass-grade’ student had actually demonstrated within their work
often covered fewer CTLOs than submitters expected based on the task’s design. Task
submitters often claimed that CTLOs were assessed in their tasks when students had no real
opportunity to demonstrate it within their work. Instead, the task often served only as a
learning experience relevant to the CTLO, not an evaluation of student capability. A related
issue was a considerable lack of detail in marking guidelines of many tasks. Consequently,
evaluators could not be confident that particular CTLOs were required of students in those
cases. These observations led the project team to be increasingly conscious of the subtle
difference between the tasks addressing a CTLO versus those that explicitly assessed
students’ capability with respect to that CTLO.
Another issue, which shaped the evolving task-evaluation procedure, was the finding that
many tasks would address a given CTLO only in part and this occurred for different reasons
as outlined below.



A task may address only some subpoints of a CTLO (e.g. CTLO 1.1, but not 1.2).
The task may address a CTLO at an insufficient depth, that is, below the threshold
level expectation for a graduate.
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The task may address a CTLO at an insufficient breadth to satisfy the full graduatelevel expectation (for example, no tasks could address the full range of chemistry
content knowledge expected to be covered over a whole degree).

To resolve these issues, the task-evaluation procedure shifted to focusing on the 15 secondtier CTLOs (e.g. 1.1, 1.2). The response format was also changed to allow for partial CTLO
coverage for reasons of either depth, breadth or both independently. This was achieved by
using a ‘four-square’ response format (Figure 1).

Figure 1: The ‘four-square’ response grid

This grid allowed the evaluator to report full or partial ratings for CTLO engagement, based
on considerations of depth and breadth independently, by shading different quadrants of
the grid. The horizontal dimension of the grid (‘portion’) allowed the evaluator to report
what portion of the CTLO statement’s breadth was engaged (part or whole), while the
vertical dimension of the grid allowed the evaluator to report the level at which that portion
of the CTLO was engaged (graduate level or below). This provided five distinct response
options for evaluators to report varying degrees of CTLO coverage within a task (Figure 2).

Figure 2: Possible responses using the ‘four-square’ grid

This response format was found useful, so was placed within the ‘assessment rating’ system.
The assessment rating system was devised in response to the need to encapsulate a
prevalent observation in the evaluation of tasks: different CTLOs were assessed at different
levels of rigour, depending on task design and the requirements built into assessment
criteria. Some CTLOs appeared to be core requirements of passing the task, whereas others
appeared to be more incidental. The following three critical issues shaped the structure of
the final rating system devised.
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CTLOs could be addressed ‘incidentally’, without directing students to demonstrate
their attainment, for example, using an industrial or medical topic (CTLO 1.2) as
context for a question that could be answered solely by using chemistry content
knowledge (CTLO 2.1).
Students could demonstrate their capabilities with respect to a CTLO, without that
demonstration adding to their final mark, for example, where students execute
experimental techniques (CTLO 3.3) but are marked solely on practical reports (CTLOs
3.1 and 3.4).
CTLOs could contribute towards the marks or grade for a task, but to such a small
extent that a student could pass without demonstrating them by aggregating other
marks to 50 per cent.

These possibilities were used to structure a hierarchical set of ratings that are awarded to
tasks evaluated for each CTLO (see Table 1). Furthermore, using this rating system, task
evaluators complete the four-square response only where a CTLO is ‘credited’ (C), that is, if
the CTLO contributes towards a student’s marks or grade for the task. For CTLOs that
receive the ‘demonstrated’ (D) or ‘addressed’ (A) rating, precise detail regarding CTLO
coverage is unnecessary for purposes of checking HESF compliance, because these cases
make no formal judgement of student capability and therefore could never confirm student
CTLO attainment. However, note that demonstrated (D) or addressed (A) evaluation with
four-square rating would be valuable in appraising potential opportunities to capitalise on
small changes to assessment criteria to improve a task’s rating and this was done when
selecting potential exemplars.
Table 1: Assessment ratings in the final tool
Evaluation result

Description

A

The learning outcome is addressed, but students are not required
to demonstrate their capability

D

Students are required to demonstrate their capability, but are not
credited based on that demonstration

C

Students are credited based on their demonstrated capability, but
a passing grade can be achieved without that credit
Students are credited based on their demonstrated capability, and
that credit is a necessary requirement for a passing grade

3.1.2 Designing the electronic task-evaluation tool
The final task-evaluation framework format uses a spreadsheet-based tool. The allocation of
assessment ratings and completion of the four-square response is achieved through
answering questions by selecting responses from drop-down menus. This removes the
pressure on task evaluators to have a clear, working knowledge of all concepts present in
the four-square and assessment rating systems (Appendix H).
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The tool allocates an assessment rating of A, D or C (Addressed, Demonstrated and
Credited, respectively) to each CTLO evaluated to be relevant to the task. The four-square
response grid is also automatically shaded to reflect the depth and breadth of CTLO
coverage for all CTLOs with a C rating, and this is done separately for the two different C
ratings (required to pass or not; see Table 1). Cross-hatch shading is used to reflect the
depth and breadth of CTLO coverage for which marks are awarded, and full colour shading is
used to indicate the depth and breadth of CTLO coverage that is a mandatory requirement
of earning a pass for the task—confirms attainment of the TLO. The two variants of the
credited rating have been labelled ‘credited without confirmation’ and ‘credited with
confirmation’ in the tool.
The array of 20 possible outcomes of the evaluation process for any individual second-tier
CTLO is shown in Figure 3. The tool itself does not show this full flow chart; future questions
and possible responses are selectively made available to respondents in accordance with
responses already given in the tool. Evaluating any given CTLO requires answering a
maximum of seven questions.

Figure 3: Flow chart map of evaluation procedure showing all possible outcomes

Thus, application of the tool to an assessment task is a stepped process through scoping
against the 15 second-tier CTLOs as A, D or C; followed by analysis of breadth and depth for
C-scoped CTLOs, which automatically generates the evaluation result. The evaluation
summary obtained through application of the tool for a particular assignment task is shown
in Figure 4 to illustrate the output.

Assessing the assessments: evidencing and benchmarking student learning outcomes in chemistry

10

Figure 4: Evaluation summary of an assessment task, a third-year assignment

The overall structure of the task-evaluation tool, as presented here, implies a specific set of
requirements of an ideal assessment for any learning outcome. Applying the questions that
decide the assessment rating, a task is capable of confirming a desired learning outcome if:





the desired learning outcome is addressed
students demonstrate their capability with respect to that desired outcome
students are credited (i.e. marked or graded) based on that capability
such credit is required to earn a pass for the task.

This inherently presents a conceptual framework for categorising assessment practice,
which can be represented as a Venn diagram (Figure 5). Features of the task design (left)
and features of the assessment criteria (right) intersect to determine which learning
outcomes form core elements of the assessment task (centre of the diagram) and which
remain incidental, though relevant (at the periphery of the diagram).

Figure 5: The ADC conceptual framework of assessment practice
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In the following sections, this diagram is used to categorise the CTLOs when applied to the
assessment items submitted to this project.

3.2 Assessment tasks
3.2.1 The submitted tasks
The state of existing assessment practices in chemistry in Australian universities was known
to the team from the experiences of project team members in their home institutions (the
team covers eight institutions) and from a ChemNet project-mapping parameters in
chemistry units of study across 12 institutions (Schultz et al., 2013). Thus, most assessment
types were known to be traditional: exams and laboratory/scientific reports, with some
assignment-based tasks. In this project, a total of 45 tasks have been submitted by staff at
22 different universities around Australia. Most of these tasks were submitted via the
project online portal before and during the project workshops.
The tasks submitted are used within the three levels of an undergraduate degree: 15 tasks
at first-year level; 13 second-year tasks and 17 third-year tasks. The tasks have been
categorised into broad assessment types based on the student activity, namely:







examination (n =10)
written assignment: set questions; problem-solving; analysis of given data (n = 17)
lab and/or lab report (n = 8)
project: assignment with research, analysis and various outputs (n = 2)
project investigation: with research, lab work, analysis and various outputs (n = 5)
presentation (n = 3).

These categories have been used to give a general overview of the types of assessment
tasks submitted. Clearly, there are possible overlapping categorisations here, for example,
all three presentation assessments could be regarded as assignments with a different
output. In the assessments submitted, it is notable that examination assessments made up
seven of the 15 first-year tasks but none of the third-year tasks submitted. Third-year tasks
submitted to the project were more complex written assignments, projects or project
investigations with major lab components. This does not imply that at third-year level
examinations are not used (Schultz et al., 2013), rather that submitters and the project team
looked for variety covering more than only CTLO 2.1 (‘body of knowledge’) in tasks for
evaluation at the third-year level.
Many tasks include more than one type of assessment and most assess more than one
CTLO. For example, in some laboratory assessment items, specific separate assessment of
laboratory skills in class and a written report are included. Assignment tasks often focus on
CTLO 2.1, but where assignments involve more in-depth analysis, argumentation or
reasoning then CTLOs 3.4 and 4.1 are also assessed. Twelve of the submitted tasks are
structured series of assessments connected to one major task (e.g. project investigation).
Within these tasks, several types of assessment are performed, such as assessment of
laboratory practice, presentations, various types of reporting and various types of peer
assessment. These tasks are predominantly third-year tasks (8 of the 12). The five tasks
classified as investigative projects are all third-year tasks.
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3.2.2 Assessment of the tasks by the team
After the lengthy iterative process of developing and refining the tool, the final set of 45
assessment tasks was re-evaluated with the final version of the tool. Figure 6 shows the
outcome of the project team evaluation of the 45 submitted tasks. Examination of the ADC
ratings allocated to the tasks shows coverage of the CTLOs to be variable.

Figure 6: Summary of CTLO coverage among assessed tasks

As Figure 6 shows, all the CTLOs are addressed or demonstrated and most credited in at
least some of the submitted tasks. However, fewer tasks were found to include confirmation
of attainment of the CTLO. This is because aggregated marks can often carry a student over
the pass line without confirming any single CTLO specifically. As would be expected,
coverage of CTLO 2.1 (body of knowledge) was widely found.
Importantly, as Figure 6 shows, for all three parts of CTLO 1 as well as for CTLOs 2.2 and 5.3,
no tasks were submitted that confirm student attainment. In fact, for CTLOs 1.1 and 2.2 no
tasks were submitted where credit is given. The project team did find more than ten tasks
that address each part of CTLO 1 and CTLO 2.2, but in very few of these tasks were students
given the opportunity to demonstrate the CTLO or given credit for doing so. Based on other
activities and experiences of the project team members, there was no surprise at this
outcome.
It is clear from Figure 6 that the marking criteria of many assessment tasks determined that
credit was given to a student for demonstrating proficiency in a particular CTLO, but the
student could pass without that credit. For example, for CTLO 4.1, there were 24 tasks
where aspects of ‘presenting information, articulating arguments and conclusions, in a
variety of modes, to diverse audiences, and for a range of purposes’ were assessed with
credit given. However, only one-third of those tasks were structured so that a student could
pass if, and only if, the criteria for CTLO 4.1 were met, thus confirming CTLO 4.1. This applies
to several assessment tasks for several CTLOs.
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3.2.3 Exemplar tasks
Through the evaluation process, tasks were identified that would serve as examples of good
practice in definitively confirming the attainment of a specific CTLO as ‘exemplar’ tasks. An
important output of this project is this set of tasks that can be adopted by other chemistry
academics. Tasks that could fulfil this purpose with minor adaptation were also identified.
Some exemplar tasks apply to a single CTLO while some longer, project-based tasks cover
several CTLOs. Assessments in tasks covering multiple outcomes must be structured so that
the student cannot pass the assessment without meeting the requirements of each of the
nominated learning outcomes, and one important way that this can be achieved is through
hurdles within the assessment.
Exemplars are characterised by being very well-defined tasks where learning outcomes are
clearly stated. Furthermore, student activities, processes, timelines, outputs and other
requirements of the students are made very clear in carefully structured documentation
about the task. Thus, the tasks definitively allow the student to engage with each chosen
learning outcome and to demonstrate their proficiency. Turning to assessment to confirm
attainment of the learning outcome, the assessment criteria are clearly laid out using rubrics
defining levels of achievement and associated marking criteria covering each learning
outcome. Most importantly, those rubrics and assessment criteria are given to students as
well as to staff. In major tasks with multiple outputs, each of those outputs necessarily has
its own rubric or grading scheme, which may relate directly to individual specific learning
outcomes. This is especially necessary in the case of a major task aimed at multiple CTLOs as
occurs in a capstone-type unit of study. In contrast, one student output may apply to more
than one learning outcome. For example, in an investigation leading to a technical report
with an executive summary contextualised for an outside organisation, the report alone can
cover CTLOs 3.4, 4.1 and 4.2, provided appropriately detailed marking criteria are supplied.
Ten of the tasks submitted were identified as being of exemplar status for particular CTLOs.
Seven of these tasks were from third-year chemistry, being predominantly complex project
tasks with multiple outputs and covering multiple CTLOs in the assessment. However, across
these seven tasks, the coverage of the CTLOs was found to be narrow and confined to CTLOs
3.2, 3.3, 3.4, 3.5, 4.1 and 4.2. These particular CTLOs focus on inquiry/investigation activities
with specific communications outputs. Three exemplar tasks were first-year tasks, covering
writing/critique for outside audiences or multimedia production for an audience other than
the academic teacher. These were imaginative tasks well removed from the usual
lab/tutorial assignment/exam-type assessments. The tasks provide excellent examples of
engaging in some knowledge building, argumentation and dissemination with
communication via particular modes to different audiences.

3.2.4 Potential exemplar tasks
Nine further tasks were identified that are already clearly structured so that minor changes
to the marking criteria can deliver a confirmed status. In general, these tasks already give
credit for particular CTLOs and restructuring of assessment can require specific CTLOs to be
confirmed for a student to pass. Thus, part of the assessment must be a hurdle, so that
students do not pass by aggregation of marks.
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In a number of cases, project team members assessed a task as crediting a CTLO at the
graduate level, but confirmed the CTLO at the non-graduate level because a student could
conceivably pass without providing evidence of operating at the higher level. This arose
because the structure of the assessment allowed aggregation of marks, including a nongraduate-level of attainment for that part of the assessment. Minor restructure of grading
schemes could prevent this occurring.
Finally, it must be noted that several of the tasks submitted were bereft of information
needed to judge their potential to be used as exemplar tasks or would need substantial
restructuring to be able to confirm one or more of the CTLOs.

3.2.5 Using the evaluation tool and exemplars to improve assessment practice
An important message from this evaluation of the submitted tasks is that some tasks can be
easily modified to allow confirmation of student attainment of specific learning outcomes.
The application of the evaluation tool will highlight this to users, as noted in section 3.1,
through the questions asked in the scoping and analysis of breadth and depth. Furthermore,
the tool allows notes and comments to be recorded so a user can employ the tool
developmentally and keeping a record of changes and outcomes.
Indeed, one of the project members has gone down this development pathway with the
intention of generating a capstone-type task that confirms several CTLOs from an existing
task. Starting from an existing third-year project-based assessment worth 40 per cent of the
total unit mark, the project was redesigned with multiple assessed outputs to evidence
attainment of several CTLOs and the project now constitutes 100 per cent of a 6-credit point
unit. For a CTLO to be confirmed, that CTLO must be worth more than half the marks or
must be a hurdle. The assessments are tabulated below with two specified hurdles
highlighted (Table 2).
Table 2: Complex project-type task: assessment summary
#

Assess

%

Description

1

Laboratory performance

20

2

Individual contribution to group work

20

Individual: In-class observation, assessment of
laboratory practice and laboratory notebook
Individual: In four parts: Collaborative activities and
practices, contributions to online discussion, peer
and self-assessment, self-reflection writing

Hurdle component: minimum 10/20
3

Week 4 Project Proposal

5

Group: Project proposal. Submitted via Moodle

4

Week 9 Results Summary

5

Individual: Table of results to date

5

Major Report

40

Individual: Written as a technical report, 30-40 pages

10

Group: Presentation to class

Hurdle component: minimum 20/40
6

Group Presentation
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The result of this assessment development is one of the project exemplars. The evaluation
summary of the new assessment task by other project members is shown in Figure 7.

Figure 7: Evaluation summary of the assessment of a complex project-type task

The exemplars can be used by academics in various ways. The assessment practices used in
the tasks can be adopted in part or entirely, the structuring of assessment to confirm
attainment of a specific CTLO can be adopted, or an assessment task can be adapted. As an
example, parts of the peer assessment could be used from the above item for a different
type of student activity. Exemplar items will be made available on the project website with
associated evaluation and commentary.

3.3 Professional development
3.3.1 Project workshops
The workshop program aimed at supporting professional development of chemistry
academics by enhancing their assessment practices. This was focused specifically on
assessment to confirm the attainment of CTLOs and the new Australian regulatory
framework. While it is acknowledged that there are other purposes for assessment, those
are outside the context of this project.
The workshops were designed to provide a professional development sequence. Within the
workshop itself (section 2.4 and Appendix F and G) the program included (i) the learning and
teaching landscape and HESF, (ii) the purpose of assessment, (iii) Bloom’s revised taxonomy,
(iv) task collection, and (v) evaluation of tasks. Participants discussed the learning and
teaching environment within which the changed practices were needed and developed
shared understandings from the consensus moderation of tasks. On returning to their home
institution, these ‘newly calibrated’ academics have their own assessment task evaluated by
themselves and others, and one or two other example tasks. Their task may or may not have
been fit for purpose, but importantly, they know where that task needs changing and what
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designs are possible to bring about required improvements. The academics can share this
practice within their own institutions.

3.3.2 Purpose of assessment
During task-evaluation sessions in workshops and from portal-submitted tasks, it became
evident that traditional assessment practices influenced judgement in task evaluation. In
considering retrofitting established assessment tasks to confirm a new set of learning
outcomes (the CTLOs) many evaluators searched for any relevance of the task to each CTLO,
whether student capability was assessable or not. Consequently, task evaluations resulted in
claims that a task ‘ticked the box’ for assessing a particular CTLO simply because the task
gave students an opportunity to engage with it, not because the task assessed student
capability. This is unsatisfactory under the new paradigm where attainment of learning
outcomes must be confirmed. A key factor shaping the task-evaluation procedure was the
recognition that two very different interpretations of assessing a CTLO existed, and were
frequently conflated, namely:
1. providing students with a task to complete which relates to the CTLO, vs
2. making judgement of student capability with respect to the CTLO.
Historically, assessment practices have allowed that the first may be fulfilled in the absence
of the second. Tasks that serve as learning experiences will inherently provide students with
the opportunity to develop skills (provide the relevant inputs), but may not necessarily
demand any specific demonstration of CTLO attainment (require sufficient outputs). Only
the second definition fulfils the new HESF requirement that methods of assessment must be
capable of confirming CTLO attainment.
Introductory activities in the workshops included a ‘warm up’ discussion where participants
were asked to rank various descriptors of the purpose of assessment from most to least
important, and whether they agreed with each of a set of statements (listed in Figure 8).
The responses indicated understanding of the multiple purposes of assessment, but
favoured statements relating to definition (1) above (Figure 8). The two statements
involving ‘learning’ and ‘feedback’ were overwhelmingly reported as being the two most
important features of assessment. Documentation of skill development was most often
ranked third, while the remaining statements about benchmarking, standards, grading or
certification for professional practice all received the lowest rated importance (Figure 8).
Agreement with the statements followed the same pattern in each workshop. The focus for
the project, and thus the workshops, is those assessment methods that provide
confirmation of student capability with respect to CTLOs; in other words, those validating
certification. The evaluation activities following this survey in the workshop were designed
to highlight the requirements of assessments fit for this purpose.
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Figure 8: Perceived importance of various purposes of assessment

3.3.3 Levelling: using Bloom’s taxonomy
The workshop exercise involving the revised edition of Bloom’s taxonomy (Anderson,
Krathwohl et al., 2001) was presented as a tool to assist in deciding if a task was pitched at a
graduate level, where evidence of higher order thinking is usually sought. Workshop
participants completed an introductory exercise where they were asked to classify a series
of statements (Anderson, Krathwohl et al., 2001) using the taxonomy. Results for
classifications of both the cognitive domain (Figure 9) and the knowledge domain (Figure
10) of the taxonomy show a diverse range of understandings for each of these common
classifications. Although ‘correct’ answers suggested in Anderson et al. (2001) exist for all of
these tasks, the range of responses found indicates that appropriate classification of scope
and complexity depends on many contextual factors. The cognitive dimension of the
taxonomy particularly shows a broad range of classifications received for most statements
posed. The imperative for discussion to develop shared understandings of graduate level to
calibrate assessors is obvious.
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Figure 9: Classifications assigned for the cognitive dimension of the revised Bloom’s taxonomy

(Circle sizes are proportional to the frequency of response. Some respondents classified a single statement into
more than one category. Responses shown were gathered from 42 participants).

Figure 10: Classifications assigned for the knowledge dimension of the revised Bloom’s taxonomy

(Circle sizes are proportional to the frequency of response. Some respondents classified a
single statement into more than one category. Responses shown were gathered from 44
participants).
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3.3.5 Outcomes of workshops
The workshops were received very positively. A key reason for this was the surprising results
of the task evaluation. After having applied the evaluation process, workshop participants
identified that many tasks did not live up to the expectations of their creators. Surveys
gathered at each workshop revealed comments such as: ‘Very interesting to see how tasks
that seem satisfactory on the “surface” were not when looked at using the tools’; ‘It was
interesting that students are often given the opportunity to gain experience in the TLOs
however, they are not necessarily assessed, and therefore we do not have evidence that they
meet the outcomes we aim for’; and ‘Surprised by mismatch between TLO and assessment
task.’
This was a notable success for the project, and led to interest in running similar workshops
in new locations (see Appendix J). Workshop participants also reflected on their own
assessment practices, saying that the experience was an ‘eye opener’, and that it made
them ‘v. [sic] worried about my current assessment’. This point of success for the project,
however, highlights that existing knowledge among academics about good assessment
practices is relatively poor. Comments received on workshop surveys such as: ‘Eye opener. I
did not know this level of detail existed’; ‘I have not before thought in depth about the topic,
so this has been a real eye opener’; and ‘I don’t think as academics we think about this
sufficiently’ reveal a potential disconnect between most academics’ understanding of valid
assessment and the new HESF requirements. Furthermore, the academics who attended
workshops are already engaged in teaching and are therefore likely more receptive to new
and relevant assessment practices. The broader academic community, however, typically
specialises in discipline knowledge rather than education practice, and many researchfocused chemistry academics are not interested in spending time to modify traditional
assessment practices.
During one of the last major workshops associated with the project, participants were
presented with a list of the major components of the workshop, then asked to choose which
three they felt were the most valuable (Figure 11). The most frequently valued feature, with
votes from all but two participants, was the information about the structure and rationale of
the task-evaluation tool itself.

Figure 11: Perceived value of components within the workshops conducted
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As a result of the response to workshops and the perceived need for spreading this changed
practice through the sector, an online self-paced form of the workshop materials is being
developed and will be available through the project website.
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Chapter 4: Impact
4.1 Synergy of this project and the ChemNet
The Assessing the assessments project was proposed and funded at an important time in the
development of ChemNet as a community of practice (CoP). The funding period for
ChemNet had ended several years earlier and the series of meetings to discuss the details of
several of the CTLOs had been concluded. Without a common goal, activity of the CoP was
at an ebb. The initiation of writing the grant proposal brought renewed energy to the group
of eight individuals involved in drafting the application, most of whom had previously been
actively engaged in the core group of the CoP. Starting to think deeply about how to be sure
that CTLOs are adequately assessed within individual assessment items restarted the
conversation about the importance and value of the CTLOs from a different perspective.
Once the funding was announced, activity grew as assessment items were initially sought
for testing and refinement of the evaluation tool under development. These were invited
through the ChemNet email list, which remains up-to-date as the set of tertiary chemistry
educators gradually changes over time. In parallel with collecting and collating these items,
the series of workshops (Appendix E) lent a focus to the efforts and discussions about use
and assessment of CTLOs. The principal mechanism for advertising these workshops was
also the ChemNet email list.
The impact of the project achievements and mechanisms that enabled this impact can be
evaluated through the application of the Impact Management Planning and Evaluation
Ladder (IMPEL) model (Appendices J and K). It is clearly evident that each stage of the
project has achieved increasingly broader impact (designated as ‘rungs’ in the model) and
that these indicators confirmed a climate of readiness for change in assessment practice
(Hinton, 2014).
We have observed that any face-to-face interactions have significantly more impact than
virtual (whether synchronous or asynchronous) on interpersonal relationships, sense of
ownership of the project and moving forward with project goals. The workshops also gave
new impetus to ChemNet members who were not members of the Assessing the
assessments project team. These members were engaged through workshops held on their
university campuses, at national meetings (Appendix E) and through being invited to submit
assessment items to the project. Thus, starting in late 2014 with the first large workshop
held at the RACI Congress there was good awareness of the project among the whole
ChemNet community, which has been sustained and grown throughout the duration of the
project, particularly as dissemination activities at national meetings (Appendix E) have been
conducted. In the final stages of the project, the main activities that involved ChemNet were
dissemination of findings at national meetings and via email updates to the CoP. This is not
an ending, however, because a significant finding is that the wording of some of the CTLOs
makes their evaluation within assessment items unwieldy. Thus, the process of re-examining
the wording of the CTLOs and potentially rewriting some of them again gives a boost to
engagement with the CoP. This is particularly significant given that the CTLOs must be
demonstrated for institutions to satisfy national regulations, and for RACI accreditation of
degrees.
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It is important to note that as new people join the community of tertiary chemistry
educators and others resign, the population of ChemNet gradually and continually changes.
The process of discussing and agreeing on the wording of the CTLOs is now seven years in
the past and a new generation of lecturers are arriving on the scene without much
background in how the consensus process was conducted and how the wording was agreed.
Thus, an important function of the Assessing the assessments project has been to engage
newcomers to tertiary chemistry education in Australia with the work that has gone before
around the CTLOs, and to give them the opportunity to engage with and take ownership of a
new round of discussions that is beginning. This is critical to their movement from the
periphery towards the core of the CoP and to the ongoing existence of ChemNet.
The website for this project exists within the umbrella ChemNet website
(www.chemnet.edu.au) and so as users search for exemplars and learn about the outcomes
of this project, they will also be reminded of and likely revisit the existing ChemNet website.
Thus, the Assessing the assessments project has given renewed life to ChemNet through
many face-to-face activities and engagement with an important project. Conversely,
ChemNet formed an important foundation for the Assessing the assessments project to
communicate with the CoP of tertiary chemistry educators in Australia, not only to obtain
submitted assessment items but to also provide an audience for feedback within workshops
and in the dissemination stage. As the project draws to an end, activity within ChemNet will
move to ensuring that the tool is widely adopted within our CoP and becomes the standard
for evaluating the fitness for purpose of assessment items to allow students to demonstrate
CTLOs. ChemNet is also tasked with coordinating discussions and consensus activities
around reframing the wording of the CTLOs.

4.2 Chemistry accreditation: RACI
The RACI is the professional and accrediting body for chemical scientists in Australia. The
RACI accredits bachelor-level courses across Australia to ensure that graduate chemists have
the necessary skills and knowledge to practice and, after a requisite period of relevant work,
become a Chartered Chemist. Until very recently, however, the accreditation of a course
was driven by inputs (laboratory hours principally) rather than any direct assessment of
knowledge and skills.
In parallel with changes to the higher education landscape, the RACI has embarked on a
process to realign its accreditation process to modern curricular practice by focusing on
outcomes and assessment of student learning. The RACI was a sponsor for the project that
derived the CTLOs from the broader science TLOs. The institute wanted a consensus view of
the Australian chemical sciences community, and then sought to harness this consensus to
reshape its accreditation processes.

4.2.1 Approach
To evidence the attainment of the CTLOs the notion of curriculum described by Keeves
(1972), and extended by Friedel and Treagust (2005), was adapted. The accreditation
process has four stages of curriculum review:
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intended: CTLOs need to be clearly expressed and assessed throughout the
curriculum



implemented: each institution interprets each of the CTLOs, and reports their selfassessment of student attainment in each unit of study, which is then aggregated in
a curriculum map



perceived: an accreditation panel validates the alignment between the intended and
implemented curriculum before recommending the award of accredited status for a
given program or programs



achieved: this accreditation panel summarises the student achievement through the
lens of the CTLOs and reports to the RACI Board, who endorses the accreditation.

4.2.2 Outcomes
The pilot and first year of the new process saw 11 undergraduate degree courses at seven
institutions around Australia nominated for accreditation. This represented a reasonable
cross-section of metropolitan, regional and remote campuses admitting students from a
range of backgrounds and abilities, and offering instruction to them in a number of modes.
These degrees had not been designed with the CTLOs in mind, thus without explicit intent
this presents a unique a posteriori perspective on chemistry curriculum to test whether the
outcomes and/or curriculum are fit for purpose.
At the implemented phase of accreditation, the teaching staff responsible for each unit of
study in the degree complete a survey about their curriculum for the purposes of mapping.
This survey collects data twice about outcomes; first, whether each CTLO is taught,
practiced or assessed in the unit; and then whether the CTLO is explicitly evaluated within
each type of assessment task (Sumsion & Goodfellow, 2004). These data for the unit level
and then explicit evaluation in assessment tasks are aggregated in Figure 12.
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Figure 12: Distribution of coverage of CTLOs by units of study (n = 129) and assessment tasks (n =
452) self-reported by institutions seeking accreditation (n = 7) in the first year of the accreditation

Figure 12 illustrates that staff recognise and acknowledge there are opportunities for
assessment of the CTLOs, but only between one- and two-thirds of tasks in each unit
explicitly evaluate and presumably evidence attainment of outcomes other than content
knowledge (CTLO2.1). This provides insight into the capacity of any chemistry curriculum to
evidence attainment of the CTLOs, and thus this gap suggests that curriculum design will
more probably adapt to the outcomes rather than vice versa. The key emergent need for
accreditation is a process for the evidencing of attainment of outcomes through assessment
that allows a shared understanding, and to share best practice in assessment of outcomes.
The aggregation of individual assessment tasks puts pressure on these tasks to be fit for
purpose and the mechanism to demonstrate these outcomes should withstand robust
external scrutiny. Therefore, the objectives of this project are central to building an
evidence base for the validity of the RACI’s accreditation processes and to lead the
development of chemistry curriculum design to be well-aligned with these threshold
learning outcomes.

Assessing the assessments: evidencing and benchmarking student learning outcomes in chemistry

25

Chapter 5: Conclusions
We have developed a sophisticated tool for determining the ability of assessment items to
demonstrate attainment of stated learning outcomes. This tool can be applied to any
assessment item and any set of learning outcomes, although is most practical for learning
outcomes at an intermediate breadth. For the purposes of this project, the Australian CTLOs
were evaluated at the second-tier level (i.e. CTLOs 1.1, 1.2, 1.3 etc., not CTLOs 1, 2, 3, etc.).
The top tier was trialled in the initial stages of the evaluation process, but was considered
too coarse for useful feedback on the assessment items, while using the third tier (CTLOs
2.1.1, 2.1.2 etc.) would have required significantly more time and was not expected to lead
to more useful information.
Using this tool, the combination of a set of assessment items in a unit of study or degree
program can be easily evaluated to determine whether all desired learning outcomes are
required to be demonstrated by students. It is clear from evaluation of the 45 assessment
items so far submitted that not all CTLOs are assessed equally well, and some do not seem
to be assessed at all. Thus, use of the tool can inform design and modification of assessment
tasks to ensure that students are given the opportunity to achieve all required learning
outcomes during their degree programs. Moreover, application of the tool requires deep
reflection on the set of learning outcomes in use and may lead to revision or modification of
the wording of these to allow their practical application.
In addition to the tool and website as the major outputs of the project, significant outcomes
are an increased readiness of the chemistry community at large for the changed assessment
paradigm, a requirement of which is implicit in the HESF and renewed engagement with the
Chemistry Discipline Network as a Community of Practice. Professional development
workshops run as part of this project have helped to prepare agents of change, but it must
be recognised that the workload associated with wholesale changing of assessment regimes
is enormous.
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Appendix B: External Evaluator’s Report
ID14-3652: Assessing the Assessments:
Evidencing and Benchmarking Student Learning Outcomes in Chemistry
The need for a focus on assessment in chemistry
This project, funded by the Office for Learning and Teaching (OLT), addresses a fundamental
issue at the centre of challenges to, not only chemistry, but also to the whole raft of
disciplines in science, technology, engineering, and mathematics (STEM) education in
universities worldwide. The question, in the context of chemistry, is: How can tertiary
chemical educators ensure the community that graduate chemists have the requisite
knowledge, skills and values that university chemistry departments claim are covered in
chemistry major programs, and are articulated in defined program learning outcomes? Put
in common parlance: Is chemistry, as a discipline in higher education, delivering on the
promises made about the value that students will gain by studying chemistry, and about the
benefits that society can gain from taxpayer investments in chemistry departments? Does
the rhetoric match the reality?
These are serious questions, made even more so by decreasing government funding to
higher education through what appears to be an increasing user-pays government policy for
higher education.
So, what evidence can be produced and will be convincing to reassure community and
government stakeholders about the quality of chemistry graduates? Clearly, the answer lies
in having robust assessment strategies that are aligned with stated learning outcomes, and
that require students to demonstrate that they have attained those learning outcomes. Of
course, as we all know, this is far from easy. The Assessing the Assessments project is an
amazingly timely project. It has been well-designed to produce clear evidence about the
level of assessment being conducted in Australian chemistry departments. The project team
has tackled this complex and multi-faceted task in a logical and progressive fashion, and
made some significant advances to validating and enhancing assessment in Australian
chemistry departments.
Overall success of the Assessing the Assessments project
In the project application, the four main anticipated outcomes of this project were stated
as:
1. “A framework for objective determination as to whether a particular CTLO has been
met by a specific assessment item that can be used by all staff teaching chemistry;
2. A catalogue of validated, reliable exemplar assessment items for demonstrating
evidence of achievement of each of the CTLOs;
3. Informed contribution from the chemistry community to STLOs (1, 3, 4, and 5); and
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4. Strong links to similar activities in chemistry teaching communities overseas for
benchmarking assessment of learning outcomes in order to enhance the
international standing of Australian programs.”
I can confidently say that all four outcomes have been achieved, and this can be clearly seen
in the main report. There is (matching the outcomes stated above):
1. A robust and workable task-evaluation tool for chemistry assessment tasks;
2. A catalogue of 45 chemistry assessment tasks that have been exhaustively analysed;
3. A number of successful workshops and a strategy for continuing interactions within
the Chemistry Discipline Network (ChemNet), and with the Royal Australian Chemical
Institute (RACI); and
4. Engagement with the international community through publications, conference
presentations and other academic linkages that members of the highly skilled project
team have formed.
There have been challenges – and I will comment in more details on at least some of them
later in this report – but the careful design of the various iterations of the task-evaluation
tool for the assessment tasks collected by the project team, combined with an ongoing
reflective process guided by an evaluation plan, ensured valuable project outcomes.
The project was carried out during a difficult time in higher education in Australia. Funding
cuts have been mentioned above. In addition, the demise of the OLT was a blow to
academics who were working hard on a project, not only for the nature of the project itself,
but also in the hope that future endeavours would be funded. In all projects, initial
enthusiasms can easily be eroded under the sheer weight of local responsibilities. In OLT
projects commitment to the profession is a strong driver as adequate time-release is a
pipedream; so, with the ongoing stream of OLT funding and recognition disappearing, the
particular pressures and competing priorities that each team member has loom larger. In
my view, this made it difficult for everyone to commit easily to project activities, maintain a
detailed level of understanding of what was happening and what decisions needed to be
made.
I have commented that the project team was comprised of highly skilled and experienced
chemistry educators. However, the team was quite large (ten persons), and some moved to
different roles/jobs during the project, resulting in further pressures on the project timeline.
Given these overarching factors, the project team can be congratulated on the success of
the project.
The evaluation plan
I have been involved in five OLT projects as External Evaluator. In the other four projects, my
report included an annotated copy of the evaluation plan. However, in the Assessing the
Assessments project, the design of the project, rightly, was an iterative process of collecting
assessments, working with chemistry academics to analyse the levels of design and marking
schemes, refining the task-evaluation tool, followed by further cycles of collection, analysis,
development and reflection. So, the design of the evaluation was one where each event
(workshop, meeting, conference, etc.) and phase in the project was the focus of evaluation.
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For each event and phase, reflection took place over a number of aspects which were:
Process, Outcome and Outputs, Learnings, Investment, Relevance, Efficiency, Effectiveness,
Sustainability, and What next. Rather than comment on the minutiae of the records kept
excellently by Samuel Priest, the Project Officer (for which he deserves commendation), I
will use the evaluation aspect headings to comment on the project as a whole.

Focus of
evaluation

Comments on the project as a whole

Process

This was not a strong feature of the project. The project had some periods
of less-than-optimal activity. Some of the reasons for this have been
described above, and alarm bells sound with me when external pressures
appear to grind processes to a halt. In OLT projects, leaders are usually
academics who have significant administrative/ leadership roles in their
own institutions. If funding resumes for projects in higher education, time
and space for project leaders needs to be assured if project processes are
to be optimal.
From my point of view, the project had quite poor communication
strategies, though I acknowledge that within-team dynamics may well
have been much better, and indeed seem to have been so. I sent many
emails that were not adequately responded to and I felt that my expertise
was under-utilized. I attended one workshop and had several detailed
Skype conversations with the Project Leader. However, these were
isolated events and I was not interacted with for months at a time and,
then, usually after my outreach.
There was some initial use of the project-management software
Basecamp but this lapsed and some project documents could later be
found on a Google Drive site. However, it was hard to get a sense of the
ongoing processes. I have commented above on the wonderfully detailed
notes that were kept on the evaluation plan. However, I was not kept in
the loop; I had a version dated 15 April 2015 and, despite numerous
requests, only received the next (and final) version in April 2017.
I first received a draft final report on 22 August 2017 and so could then
provide detailed feedback which I have done. My report was completed
on 25 August 2017, and hence is not based on the final version of the final
report.

Outcome and As noted above, I am satisfied that the project outcomes have been
achieved. However, one aspect deserves strong comment. Despite
Outputs
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rigorous searching by the project team, only 45 assessment tasks exist in
the project database. These come from 22 Australian universities. Only 45
assessment tasks! What is the rest of the assessment like? What does the
project tell us about the level of assessment in chemistry in Australia? The
data in the main report clearly indicate that the Chemistry Threshold
Learning Outcomes (CTLOs) are not assessed adequately and that
students can get a chemistry degree without demonstrating adequate
attainment of CLTOs. This is a very important piece of evidence that
should be considered and acted upon in the highest levels of government
and senior university management.
I am pleased that there have been several dissemination activities,
including publications and conference presentations. The project team is
exhorted to map out a plan for more dissemination activity. There is
much that needs to be said, strongly and widely.
Learnings

A strong feature of the project has been its iterative design and the way in
which the project team has used feedback data – workshop activities,
surveys, interviews, reflective discussions, etc. – to refine the taskevaluation tool.

Investment

One reason why assessment in higher education is in such a parlous state
is that academics are now time-poor and good assessment is timeconsuming and, in that sense, expensive. This project has clearly
evidenced an emerging crisis in chemistry assessment. I believe that the
sound evidence that the project has garnered is extremely valuable and
worth the investment provided by the OLT. Of course, the government
and individual universities have to respond to this evidence and make a
plan to enhance students’ assessment experiences. As noted above, the
data from this project are of value to disciplines apart from chemistry.

Relevance

Absolutely! This is a timely and important input to discussions about
assessment in chemistry, in science and, more generally, in higher
education.

Efficiency

My comments about the project’s communication strategies as they
pertain to me indicate some inefficiencies but, as noted earlier, withinteam communications appear to have been better.
I have heard nothing about the Reference Group and am not sure what
role these skilled and experienced academics played.
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Effectiveness

In my opinion, the project team has produced a report that effectively
describes, with evidence, a serious problem in chemistry assessment, and
also provides an effective task-evaluation tool and a strategy for moving
forward in concert with ChemNet and the RACI.
Evidence + Strategy = Effectiveness.

Sustainability

This gets a heads-up, mostly because of the strong links with ChemNet
and the RACI. The combination of a strong professional network and an
esteemed professional organization is a powerful force; and government
should recognize and support these existing positive aspects of tertiary
chemistry education. Both ChemNet and the RACI have been integral to
the outcomes of the Assessing the Assessments project, and offer an
avenue for sustainability of the work.

What next?

This is an open question! I am delighted that the project has the potential
to be sustainable and that the excellent work done in this project should
continue to grow and inform Australian and international best practice in
assessment in chemistry, in science more generally, and indeed in many
other discipline areas. However, it depends on whether those in senior
government posts and those in the senior management of universities
consider and act upon this report. We will see …

Carmel McNaught, PhD, FAACE
Emeritus Professor of Learning Enhancement, The Chinese University of Hong Kong
Distinguished Visiting Professor, University of Johannesburg

25 August 2017
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Appendix C: Flowchart of action research sequence
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Appendix D: Questions in the original online task
submission portal
1.

In which part of the degree program is the assessment item used and how does it fit with
assessment items earlier and later in the degree?
1st year
2nd year
3rd year
FIT:____________________________

2.

Do all students that major in Chemistry complete this assessment item?
YES
NO

3.

Which types of knowledge (Krathwohl, 2002) are required to successfully complete the
assessment item?
Factual
Conceptual
Procedural
Metacognitive

4.

What cognitive processes (Bloom's taxonomy (Krathwohl, 2002)) are required to successfully
complete the assessment item?
Remember
Understand
Apply
Analyze
Evaluate
Create

5.

Which Chemistry TLOs does the submitter think are demonstrated by successful completion
of the assessment item?
Understand ways of scientific thinking by:
 recognising the creative endeavour involved in acquiring knowledge, and the
testable and contestable nature of the principles of chemistry
 recognising that chemistry plays an essential role in society and underpins many
industrial, technological and medical advances
 understanding and being able to articulate aspects of the place and importance of
chemistry in the local and global community
Exhibit depth and breadth of chemistry knowledge by:
 demonstrating a knowledge of, and applying the principles and concepts of
chemistry
 recognising that chemistry is a broad discipline that impacts on, and is influenced by,
other scientific fields
Investigate and solve qualitative and quantitative problems in the chemical sciences by:
 synthesising and evaluating information from a range of sources, including
traditional and emerging information technologies and methods
 formulating hypotheses, proposals and predictions and designing and undertaking
experiments in a safe and responsible manner
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applying recognised methods and appropriate practical techniques and tools, and
being able to adapt these techniques when necessary
 collecting, recording and interpreting data and incorporating qualitative and
quantitative evidence into scientifically defensible arguments
 demonstrating the cooperativity and effectiveness of working in a team environment
Communicate chemical knowledge by:
 presenting information, articulating arguments and conclusions, in a variety of
modes, to diverse audiences, and for a range of purposes
 appropriately documenting the essential details of procedures undertaken, key
observations, results and conclusions
Take personal, professional and social responsibility by:
 demonstrating a capacity for self-directed learning
 demonstrating a capacity for working responsibly and safely
 recognising the relevant and required ethical conduct and behaviour within which
chemistry is practised
6.

Which of the discipline knowledge categories listed below does this assessment item
contribute to?
 Stoichiometry, structure and characteristic properties of chemical substances
 Methods of structure determination
 Properties of matter in relation to structure
 Chemical thermodynamics, equilibrium and kinetics
 Reaction processes can transform substances into very different products
 Reactions of metal and non-metal compounds including carbon compounds
 Quantifying concentrations and amounts of elements and compounds in simple
and complex mixtures
 Other (please specify)

7.

Which, if any, of the practical (laboratory) skills listed below are required to successfully
complete the assessment item?
Generic laboratory skills
Synthesis skills
Qualitative and quantitative analysis skills
Modelling and/or simulation skills

8.

Are communication skills assessed in this assessment item?
YES; Explicitly
YES; Implicitly
NO; Not assessed

9.

Is achievement of any other Chemistry TLO potentially demonstrated by the assessment item?

10.

How many markers assess this item? If there is more than one, what moderation processes (if
any) are used to ensure that marking criteria are applied fairly and consistently?

11.

What steps are taken to ensure that the assessment item is both valid & reliable?
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Valid assessment will measure student learning (not something else) and the extent of that
learning.
Reliable assessment will yield consistent results regardless of whom it is marked by or when it
is marked.
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Appendix E: Listing of workshops and team meetings
Event

Details

Adelaide workshop
(6/12/2014)
Melbourne workshop
(6/6/2015)

Public project launch; gathering feedback on initial project
design. 25 participants.
Initial tool – yes/no to broad TLOs. Two parts: task design,
student work.
Key workshop format delivered (persists for future
workshops): intro about assessment+ learning outcomes
(data gathered), revised bloom’s taxonomy (data gathered),
info about TLOs, upload of tasks to portal (tasks gathered),
evaluation of provided tasks, evaluation of own tasks. 14
participants.
Revised tool – yes/no/partial, broken into parts: task
design, student work, assessment. Same workshop format.
Low attendance. 4 participants.
Results illustrate nuance needed: “partial” ratings given for
multiple reasons. Two key reasons identified: depth of TLO
coverage (grad level or not?) and breadth of coverage (part
of the TLO statement or all of it?).
New tool – “four-square” model. Three parts: task design,
student work, assessment. Same workshop format, plus
some introduction to four-square model. High attendance,
mostly from Curtin. 10 participants.
Discussion of issues regarding reaching consensus in task
evaluations. Issues regarding “what is graduate level”
recognized to be necessary for task evaluation, but
inappropriate for project team to define this. Issues
regarding aggregating multiple assessment tasks at course/
program level highlighted.
Results illustrate lack of consensus. Evaluation method
needs revision to promote more consistency in response
and reduce the laborious procedure. A hierarchy of
“assessment ratings” devised following this, to better
categorise outcomes. “decision tree” devised for the foursquare format to promote more consistency in response.
New tool – “assessment-rating + four-square” model. Same
workshop format, plus introduction to assessment rating/
four square model. High attendance. 14 participants.
Discussion of new tool structure and efficacy. Evaluation of
tasks by project team to check level of consensus and utility
of tool outcomes.
Intended to discuss exemplars. Lack of consensus in task
evaluations prevented this – extensive discussion about
tool design/ question phrasing. Alternative versions of the

Brisbane workshop
(15/7/2015)
Project team task
evaluations
(Round 1)
Curtin workshop
(29/9/2015)

Curtin team meeting

Project team task
evaluations
(Round 2)

Sydney workshop
(4/11/2015)
Sydney team meeting
(5/11/2015)
Sydney team meeting
(18-19/7/2016)
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ACSME Brisbane
(28-29/8/2016)
ACSME discipline day
workshop
(30/9/2016)

Small meeting in
Wollongong (1617/9/2016)
Sydney team meeting
(12-13/12/2016)

Adelaide workshop
(15/2/2017)
Adelaide team meeting
(16/2/2017)

CSU workshop
(10/4/2017)
Project team task
evaluations
(Round 3)

tool developed for testing at ACSME.
Presentation about the project (Schmid). Presentation
about related content (Southam).
Trialing different versions of the tool devised during
previous team meeting, now in spreadsheet format
(revisions include question phrasing and order). Interviews
recorded and survey responses gathered, both concerning
the tool. Different workshop format due to time
restrictions: no bloom’s or learning outcomes/ assessment
intro. No tool introduction (purpose is to gauge reception
and accessibility). Original portal now not used – new web
page and upload system exists. Initial portal questions no
longer used. 9 participants interviewed for feedback.
Greater numbers attended presentation, workshop survey
feedback from 12 participants.
Aspects about exemplar items – generating items and
developing existing items.
Clarification of “framework” underpinning the tool process.
Discussion of identifying exemplar items. Possible aspects
of web presentation of the tool and presentation of
exemplar items. Discussions about papers being written
(workshops paper, “soft skills” paper, tool/framework
paper). Discussing content for final report. Data analysed
for papers. Feedback from survey online.
Running final version of tool (with success), gathering data
about workshops for new project output: online workshop
module. 17 participants.
Decision that issues of disagreement are no longer about
the tool structure – now about TLO phrasing/
interpretation. Discussion about TLOs 1, 4 and aspects of 3
and 5 in terms of clarifying intent and possible rephrasing
(TLO elucidation was a proposed output). Further
discussion about final reporting.
Workshop run at CSU in Wagga Wagga. Final version of the
tool. Main purpose for dissemination of information and
resources output by the project. 10 participants.
Evaluation of all 45 tasks submitted to the project
completed using the final framework/tool for valid
comparisons and outcomes reporting. Identification of
limited number of clear exemplars of good assessment,
standardization into an exemplars “template” for website
presentation.
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Appendix F: Workshop timetable
10:00-10:10
10:10-10:15
10:15-11:30

11:30-12:00
12:00-12:30
12:30-14:00

14:00-14:15
14:15-15:45

15:45-16:00
16:00-17:00

Opening
Introduction
Session #1 – The L&T landscape
The regulatory framework for Learning & Teaching
Assessment, achievement and outcomes
Session #2 – Uploading assessment tasks
Participants upload assessment items to the submission portal
LUNCH
Session #3 – ‘Calibration’ Session A
[using previously contributed items]
Two stage process:
(1) look at the task alone – does it allow the students to meet the
specified outcome;
(2) look at the student work – does the student work demonstrate
the stated outcome.
AFTERNOON TEA
Session #4 – ‘Calibration’ Session B
[using participant submitted items]
Two stage process:
(1) look at the task alone – does it allow the students to meet the
specified outcome;
(2) look at the student work – does the student work demonstrate
the stated outcome.
Wrap-up, feed-forward & close.
Team debrief
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Appendix G: Introductory workshop exercises
Which of the following statements best describe ‘learning
outcomes’?
Best?
1.

Learning outcomes are usually expressed as knowledge, skills,
or attitudes.

2.

Learning outcomes are statements which describe a desired
condition

3.

Learning outcomes are statements that specify what learners
will know or be able to do as a result of a learning activity.

4.

Learning outcomes must be observable, measurable and be
demonstrated by the learner

5.

Learning outcomes should be assessable to determine the gap
between an existing and a desired condition.
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Which of the following statements do you agree with? Which is the
most important?
Agree? Importance?
(Yes or
No)

(Rank 1st to
6th)

1. Assessment encourages learning
2. Assessment provides feedback on learning to both
the student and the teacher
3. Assessment documents competency and skill
development
4. Assessment allows students to be graded or
ranked
5. Assessment validates certification and licence
procedures for professional practice
6. Assessment allows benchmarks to be established
for standards
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Appendix H: Pages of the assessment evaluation tool
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Appendix I: Outputs
Books:
M. Schultz, S. Schmid & T. Holme, (Eds., 2016), Technology and Assessment Strategies for
Improving Student Learning in Chemistry, Proceedings of the Technology and Assessment
Strategies for Improving Student Learning in Chemistry Symposium, Pacifichem Conference
2015. Washington: ACS Books. DOI: 10.1021/bk-2016-1235
Book chapters:
S. Schmid, M. Schultz, S. J. Priest, G. O’Brien, S. M. Pyke, A. Bridgeman, K. F. Lim, D. C.
Southam, S. B. Bedford, I. M. Jamie (2016). Assessing the Assessments: Development of a
tool to evaluate assessment items in chemistry according to learning outcomes. In M.
Schultz, S. Schmid, T. Holme (Eds.), Technology and Assessment Strategies for Improving
Student Learning in Chemistry, Proceedings of the Technology and Assessment Strategies for
Improving Student Learning in Chemistry Symposium, Pacifichem Conference 2015,
Washington: ACS Books. DOI: pubs.acs.org/doi/abs/10.1021/bk-2016-1235.ch013
Journal publications:
M. Elmgren, F. Ho, E. Åkesson, S. Schmid & M. Towns, J. Chem. Educ. 92, 427 - 432 (2015).
Comparison and evaluation of learning outcomes from an international perspective:
Development of a best-practice process. DOI: 10.1021/ed500542b.

Conference symposia:
December 2015

Technology and Assessment Strategies for Improving Student
Learning in Chemistry (Schultz and Schmid with Holme)

Oral presentations:
September 2014

ACSME Discipline Day, University of Technology Sydney (Schmid)

September 2015

ACSME Conference, Curtin University, Perth (Schmid)

December 2015

Pacifichem Conference, Honolulu, USA (Schmid)

July 2016

BCCE Conference, Colorado, USA (Schultz)

September 2016

ACSME Conference, University of Queensland, Brisbane (Schmid)

July 2017

RACI Congress Melbourne (Schultz)

July 2017

RACI Congress Melbourne (Schmid)

September 2017

ACSME Conference, Monash University, Melbourne (Schmid)
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Appendix J: IMPEL framework

Assessing the assessments: evidencing and benchmarking student learning outcomes in chemistry

49

Appendix K: Contacts/requests
E-mail from Damian Laird, Murdoch University, 07/08/2017:
I’m just following up on our brief conversation regarding the Excel spreadsheet you have
developed for the Assessing the Assessments project. As Leonie and I mentioned, we would
be interested in getting a copy of that as the teaching group here at Murdoch is wanting to
look more closely at how our assessments are actually working (or not). And we’re planning
on going through the RACI course accreditation process in the second half of this year, so
tools that give us information we can feed into that would be most useful.
Would it be possible for you to email us that working spreadsheet you have?

E-mail from Peter McCallum, Director, Education Strategy, The University of Sydney,
15/06/2017:
Just a quick note of thanks for your contribution to the Academic Board forum on Tuesday. I
thought it was an engaged session and was glad we had you experience and examples to
give a concrete aspect to the theoretical discussion. You example about lab skills was a very
good one in terms of getting feedback on learning and the need to be sure that the
assessment task is carefully designed to test the skill it is supposed.

E-mail from Ron Oliver, Deputy Vice-Chancellor (Teaching & Learning), Edith Cowan
University, 18/07/2016:
I am doing some workshops soon in Malaysia for a group of Saudi academics from Jazan
University. My workshops are all about program learning outcomes, threshold standards
and benchmarking. I have been watching Daniel Southam’s work at Curtin so I have seen
quite a bit of the good work being done in this space in Chemistry across Australia.
I have read your document Assessing the Assessments: Evidencing and Benchmarking
Student Learning Outcomes in Chemistry which was used by the HES and Sara Booth team in
their recent Peer Review workshops across the country. I worked with Sara on the PRAN
project.
I was wondering if you would give me permission to use this document as a resource with
the Saudi academics as an example of best practice in this space? I’m sure many will be
impressed with the science behind the approach and it may be that some might want to
follow up with you. Not sure what your thoughts might be about this.
Anyway, I think the document provides a wealth of good information which could be shared
as I have suggested and was wondering if you were amenable to this.
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E-mail from Ron Oliver, Deputy Vice-Chancellor (Teaching & Learning), Edith Cowan
University, 24/03/2017:
I did use your materials in my workshop as I requested. I used the Powerpoint presentation
as a resource for the participants (academics from Saudi Arabia) to peruse as an example of
a programmatic benchmarking activity.

E-mail from Sara Booth, Principal Fellow, Strategic Advisor-Quality External, University of
Tasmania and Jacqui Elson-Green, Convenor, Higher Education Compliance and Quality
Network, H Ed Services, 19/07/2016:
Thank you for your generous support of the peer review of assessment workshops and for
attending the Sydney events. Your presentation helped to ensure the success of the
workshop and, as you will have realised from the questions you received, participants
appreciated being able to interact with you and learn more about your work.
The workshops attracted just 600 people from 81 institutions which reflects the interest
within the higher education sector about peer review of assessment and recognition of its
importance in enhancing learning and teaching. The attendance figures also suggest that the
workshops have played a role in capacity building within the sector and your contribution
has enabled this to occur.
Presentations from all the workshops have been uploaded to the Higher Ed Services and
University of Tasmania websites as part of our strategy to provide the sector with resources
for peer review of assessment.
We received very positive feedback about the value of the workshops and many
participants expressed a strong desire for further events. We hope that you will consider
participating in future workshops as we value your expertise and knowledge.
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Appendix L: Chemistry threshold learning outcomes
(CTLOs)
TLO 1. Understanding
the culture of
chemistry

Understand ways
of scientific
thinking by:

TLO 2.
Scientific
knowledge

Exhibit depth and
breadth of
chemistry
knowledge by:

TLO 3. Inquiry,
problem solving and
critical thinking

Investigate and
solve qualitative
and quantitative
problems in the
chemical sciences
by:

TLO 4. Communication Communicate
chemical
knowledge by:

TLO 5. Personal
and social
responsibility

Take personal,
professional and
social
responsibility by:

1.1 recognising the creative endeavour
involved in acquiring knowledge, and the
testable and contestable nature of the
principles
of chemistry
1.2
recognising
that chemistry plays an essential
role in society and underpins many industrial,
technological and medical advances
1.3 understanding and being able to articulate
aspects of the place and importance of chemistry
in the local and global community
2.1 demonstrating a knowledge of, and applying
the principles and concepts of chemistry
2.2 recognising that chemistry is a broad
discipline that impacts on, and is influenced by,
other scientific fields
3.1 synthesising and evaluating information
from a range of sources, including traditional
and emerging information technologies and
methods
3.2 formulating hypotheses, proposals and
predictions and designing and undertaking
experiments
3.3 applying recognised methods and
appropriate practical techniques and tools,
and being able to adapt these techniques
when
necessary
3.4 collecting,
recording and interpreting data
and incorporating qualitative and quantitative
evidence into scientifically defensible
arguments
3.5 demonstrating the cooperativity and
effectiveness of working in a team environment
4.1 presenting information, articulating
arguments and conclusions, in a variety of
modes, to diverse audiences, and for a range
of purposes
4.2
appropriately documenting the essential
details of procedures taken, key observations,
results and conclusions
5.1 demonstrating a capacity for self-directed
learning
5.2 demonstrating a capacity for working
responsibly and safely
5.3 recognising the relevant and required
ethical conduct and behaviour within which
chemistry is practised
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