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The problem

Do we use appropriate methods to award and classify degrees
in chemistry in the UK? I fear that, to a large extent, we do
not. In part, this is due to us failing to identify appropriate
assessment procedures for the full range of skills required by
professional chemists. But I believe that external demands for
accountability are also undermining the value of standard
examinations, by encouraging us to devise highly structured
questions for which the marking is transparent, but for which
the skills being tested are limited.

I contend that the entirely reasonable demand for
accountability has taken us down a track which is to the
detriment of university education because it leads to a decrease
in real quality of assessment. I agree absolutely with the
proposition that Universities should have clearly defined aims
and objectives, and that these should be reflected in the
procedures used to define the class of degree awarded to
students. The problem is that the demand for transparency
in the process of assessment has been interpreted to mean that
the working process must be objective; taken to its limit, this
means that the marking process could be carried out by
computer. This pressure to achieve objectivity creates three
inter-related problems:

• the scope for professional judgement is reduced;
• the range of possible assessment procedures becomes

limited;
• opportunity for reflection is destroyed by increasing

frequency of examinations.
Assessment should be addressing several issues (e.g.

feedback to students, feedback to lecturers, generation of a
mark), and the procedures used should be appropriate to the
skills assessed. However, most HE teachers risk ignoring the
first two and play safe by using traditional unseen test
mechanisms which minimise the risk of cheating and which
can be marked according to a scheme which involves little or
no professional judgement. As a result, most assessment comes
close to Ramsden’s description of “a parody of bad practice”1.

Background

University chemistry educators are committed to running high
quality courses; as far as their teaching role is concerned this
means quality in provision of a learning environment and
quality of the procedure by which student ability is judged.
The latter is a crucial factor in determining the future of the
individual student. Not surprisingly, departments are under
pressure to be able to demonstrate the effectiveness of their
quality control processes. The pressure comes, for example,

from accreditation bodies (the RSC), external assessors (e.g.
TQA), influential reports (e.g. Dearing), university
administrators (e.g. those responsible for monitoring
progression and completion rates), and perhaps also
employers. I will argue that the demand that quality should
be objectively demonstrated puts an unacceptable limitation
on our opportunities to assess quality over the range of abilities
which we need to evaluate.

Here are some comments I have collected from colleagues
throughout the UK, which support my argument.

• Most examination questions are highly structured
questions, so students do not need to make extended
arguments, or to write discursive open ended answers.

• Degrees are awarded by accumulating short term,
isolated modular credits, rather than general
‘professional’ skills – and whilst many departments are
ensuring that their courses include synoptic components,
some universities are now forbidding this!

• The sheer quantity of assessment benefits students who
aim to achieve good exam marks by virtue of short term
memory, more than those who aim to develop as all
round professional chemists.

• University administrators are imposing rigorous
classification/mark correlations; thus 59.5% might be a
2:1 (rounded up to 60%), but 59.3% might be a 2:2,
even though the error in the marking procedure might
be as much as 1 or 2%.

All these comments are consistent with my own
observations that most chemistry departments assign around
80% of the total marks available for classification purposes
to formal written examinations, and the overwhelming
emphasis in these examinations is on structured questions.
Even with relatively unstructured questions, mark schemes
significantly restrict the opportunity to give credit for anything
beyond factual content. Thus, despite pressures on us to create
a learning environment in which students develop a wide
range of professional skills, we do little to evaluate these skills.
Not surprisingly, this affects the way our students develop;
students want to score high marks in examinations and they
will inevitably focus their attention on those aspects of the
course for which we award marks. The structured
examination procedure is also convenient for external
administrators and assessors; questions can be marked to such
a strict protocol that it results in a reliably reproducible mark
for each answer. The reproducibility of the mark (irrespective
of marker) hides the fact that it may be completely unreliable
as an indication of the full range of skills we might wish to
assess. By limiting our assessment procedures to those aspects
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of chemistry that can be marked with high precision (e.g. by
an automaton) we assess only a tiny fraction of the attributes
we want our students to develop.

I emphasise that I am not arguing that our marking is of
poor quality; on the contrary, the RSC accreditation process
and the quality control exerted by external examiners lead to
practice which stands up well to scrutiny. What I do argue is
that we are being driven to more rigid assessment procedures,
and this is to the detriment of our subject.

I identify three factors which should specially influence the
assessment process. Firstly, we need to look at what we are
expected or required to deliver in any undergraduate degree,
and in chemistry degrees in particular. Secondly, we need to
identify the opportunities for assessment in typical chemistry
degree programmes, and consider how these correlate with
course aims. And crucially, we must be aware of how our
assessment processes affect the overall development of our
students.

Factors influencing the assessment
process

Chemistry degree programmes
Three recent reports are of special relevance to the design of
a chemistry degree programme. These are the Dearing
Report2, the Mason Report3, and the chemistry Benchmarking
Document4 which is based on the QAA agenda for quality5.

Recommendation 21 of the Dearing Report sets out in
general terms what we should expect to find in any
programme on offer at a university.

“We recommend that institutions of higher education begin
immediately to develop, for each programme they offer, a
‘programme specification’ which identifies potential stopping-
off points, and gives the intended outcomes of the programme
in terms of:

(a) the knowledge and understanding that a student will be
expected to have on completion;

(b)key skills: communication, numeracy, the use of
information technology, learning how to learn;

(c) cognitive skills, such as an understanding of
methodologies or ability in critical analysis;

(d)subject specific skills such as laboratory skills.”
The Mason Report, commissioned jointly by the Royal

Society of Chemistry and the Council for Industry and Higher
Education, examines ways in which the teaching of chemistry
in higher education should adapt to employers’ needs around
the turn of the millennium. Amongst the diverse range of skills
that industry would like to see better developed, it is clear that
adaptability and communications skills feature highly across
all sectors; mainstream chemistry employers are also
concerned by limitations in the practical skills of candidates.

The Chemistry Benchmarking Document is a well-balanced
document (currently still only consultative), which gives some
fairly detailed advice on course content without being too
prescriptive; in general, it follows the recommendations made
by Dearing, requiring a balance of subject-specific and generic
skills, and providing extra detail relating specifically to
chemistry. In terms of what we are expected to deliver, it

suggests benchmark ‘performance criteria’, which include
aspects of knowledge and understanding, problem-solving,
experimental skills, and transferable skills. However, unlike
the Law and History panels, who chose to identify only
baselines levels for their degrees, the Chemistry benchmarking
panel decided to identify a range of standards that
undergraduates might achieve in each of four areas identified
in Section 6 of the QAA document as “what new graduates
should know and be able to do”. These four areas, clearly
based on recommendation 21 of the Dearing Report, are:

(i) subject knowledge and understanding;
(ii) cognitive skills;
(iii) discipline-related practical and professional skills;
(iv) general transferable skills.
The Benchmarking Document identifies, for each of these

four areas, specific attributes corresponding to an A-E
classification. Although I applaud the decision, there is a high
risk that the A-E classification will be misused. It was never
intended to be correlated with a particular class of degree; a
student who showed all the attributes listed in the A grade
would be truly outstanding; for example, I would expect few
students achieving (and worthy of) a first class degree to be
able to demonstrate knowledge “significantly beyond that
covered in the degree programme”, although the very best
undoubtedly would do so. Unfortunately, I fear that those
looking at chemistry degrees from the outside (e.g. for quality
assessment or accountability reasons) will use the descriptors
for grades A – E precisely as guidelines for the qualities to look
for in students in the degree class which apparently
corresponds to each category.

In spite of this risk, which we must guard against, the grade
descriptors in the benchmarking document give a useful
indication of the range of knowledge, understanding and skills
which students on chemistry degree courses should have the
opportunity to develop. Students with these qualities would
meet the criticisms of graduates raised by employers and
reported by Mason3. However, it is not enough to provide
opportunities for students to learn; we must surely also
demonstrate our commitment by assessing how well they have
learned, and the mark which they obtain must be seen as
contributing to their degree class.

Opportunities for assessment
There are perhaps more opportunities for varied assessment
methods in chemistry than in almost any other subject, and
the benchmarking panel3 identified many of them:

“Assessment procedures. It is essential that the procedures
used for the assessment of students’ achievement in chemistry
should correspond to the knowledge, competencies and skills
that are to be developed through their degree programme.
Evidence on which the assessment of student achievement is
based should include:

• Formal examinations, including a significant proportion
of unseen examinations.

• Laboratory reports.
• Oral presentations.
• Planning, conduct and reporting of project work.
Additional evidence of use for the assessment of student
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achievement may be derived from:
• Essay assignments.
• Problem-solving exercises.
• Portfolios on chemical activities undertaken
• Literature surveys and evaluations.
• Collaborative project work.
• Preparation and displays of ‘posters’ reporting project

work.”
The opportunities for variety in assessment does not mean

that we actually take advantage of them. I have already argued
that there is pressure to move towards formal written
examinations with rigid marking schemes, and that this results
in most of the alternative procedures playing a rather
insignificant part in the process. Key features of learning
identified in the Benchmarking document do not map well
onto the qualities which are appropriately assessed by formal
written examinations. The first two (subject knowledge and
understanding, and cognitive skills) can be suitably examined
in this way, but it is hard to see how the other two key areas
(discipline related practical and professional skills, and general
transferable skills) can be evaluated by written tests. In most
(probably all) chemistry degree courses, a mark for laboratory
work and for project work contributes to the final
classification. Both of these provide opportunities to assess
various skills, but each typically contributes only about 10%
of the total, and the marks are often rather indiscriminatory.

We need to think carefully whether the mix of assessment
procedures we actually use to contribute to the classification
of degrees reflects both the opportunities created by our
teaching, and the skills we wish our students to develop.

Students
The assessment procedures we use send important messages
to students about what we judge to be the important things
for them to learn. Race and Brown6 suggest ten methods of
assessment and, more importantly, identify the advantages and
disadvantages associated with each of them, and provide
suggestions for making them more effective. They suggest that
we should make use of as wide a range of assessment methods
as possible, whilst recognising that all have merits and
limitations. Unfortunately, they conclude that:

“It can be argued that presently we have far too much
assessment, but neither the quality nor the diversity of this
assessment is right. Students are highly intelligent people; if
we confront them with a game where learning is linked to a
rigid monotonous diet of assessment, they will learn according
to the rules of that game. To improve their learning, we need
to improve our game.”

This quotation raises the problem of over-assessment.
Students are assessed more extensively than ever before, both
to evaluate progress through their chosen course and for the
purpose of classifying their final degree. Over-assessment is
almost certainly imposed with the best of intentions. A
common response to poor examination results is to suggest
that more tests along the way would help the students by
providing early warning and feedback. I suggest that there are
three problems with this approach.

First, most of the tests are set in a style which reinforces

the student view that learning to be a chemist involves no more
than learning the correct answer to a defined range of
questions. In this sense, in-course tests do not offer a significant
benefit to the learning habit. One of their main advantages
should be the provision of detailed feedback. But I know of
no evidence to show that the weaker students, who have the
greatest need for such feedback, actually benefit from it.

A second problem with continual testing, discussed by
Beard and Hartley7, is that it takes little account of the different
learning characteristics of students, some of whom appreciate
“working gently through the year”, while others “think
continuous assessment is more strain”. In the same survey,
another student commented that the regular revising for tests
prevented extra work like “background reading”.

This quotation raises the third problem of over-assessment:
the impact on the time available for reflection. This is an
essential feature of in-depth learning. For example, Johnstone8

has developed some highly successful new teaching material,
the design of which was guided by the following model:

(a) the learning process uses working space, which is fed by
external events/observations/instructions;

(b) the information that we select from the external input
is controlled by a filter mechanism, which uses
knowledge that is stored in our long term memory;

(c) working memory is only really effective when we have
the chance to order our thoughts and seek out the inter-
relation between various pieces of information;

(d)steps a – c are all required if we are to transfer information
usefully from our working memory to our long term
memory.

Without the opportunity for reflection, the long-term
memory can simply become a jumble of unconnected facts,
or information is largely retained in the short-term memory.
This situation corresponds alarmingly well with the criticisms
often levelled against many students who appear to forget
topics once they have been assessed.

These three disadvantages of over-examining do not mean
that there is no room for assessment at appropriate stages
through the course. However, the prime purpose of this
course-assessment (or continuous assessment) needs to be to
encourage learning and provide feedback for both tutors and
students. Learning is promoted by encouraging students to
reflect on new ideas and incorporate them usefully into their
long term memory. Feedback occurs when both tutors and
students are able to recognise and rectify their own
shortcomings (in delivery or in learning). For practical
purposes, it may also be important to assign a numerical mark
to these assessment procedures because it is this which
convinces students that we treat them seriously.

The problem is that assessment methods which encourage
learning and provide useful feedback are not usually totally
objective but involve a degree of professional and subjective
judgement. Students are inclined to regard this as ‘unfair’
because it is not immediately obvious how the mark was
arrived at. Many students find it difficult to understand why
good work (which is perhaps 80% correct in terms of factual
content) may be worth a mark of only 60%. They are
apparently unaware that it is the quality of presentation,
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additional knowledge, or other subtle observations, that make
all the difference between good work and excellent work. This
is true in the real world. It is perfectly reasonable that the same
criteria should be applied to our assessments at university.
Persig’s observations of students’ ability to identify and
appreciate subjective quality9 should encourage us to have the
courage to make and defend professional judgements.

One possible way of introducing variety into assessment
methods in a way which enhances learning is to make use of
peer marking. Some success has been reported with various
approaches to this10,11, though other reported problems show
how important it is for the students to believe that the process
is well thought out and fair12. I suggest that, as an extension
to the principle of individual students marking an individual
piece of work, there is room for students to work
(occasionally) in groups to mark and rank five or six pieces
of work from colleagues. This might help them to appreciate
the criteria we use to judge a piece of work and to recognise
the difference between good work (e.g. 80% correct but worth
only a mark of 60%) and excellent work worth a first class
mark. This would help them to understand that there is a
difference between transparency of process (the process by
which we assign a mark) and strict allocation of each available
mark to a particular piece of information. Even in a formal
written examination it is possible to use a marking scheme
which includes some marks for the skills demonstrated in
applying and presenting knowledge. This is bound to be at
least to some extent subjective and it would benefit both our
students and our profession.

Conclusion

With the new QAA accreditation process now being trialled,
and the provisional chemistry bench-marking document in
place, we have the opportunity to address these assessment
issues. We can allow the problems to get worse or make
determined efforts to improve our assessment. Here are my
suggestions for improvement.

• We should aim to integrate our assessment procedures
more fully into the learning process, and thus emphasise
the importance of feedback and self-assessment.
Ramsden1 suggests ways in which this might be done,
and Rowntree13 has written an excellent book on this.

• The assessment procedures we use need to match the
knowledge and skills we wish to assess, and we simply
have to allocate marks explicitly for skills if we want
students to take them seriously. As Hartley and
Braithwaite point out14, is it any wonder that students
gear their work specifically towards tests and exams,
when this is precisely where we allocate their marks?

• We should not be afraid to use our professional
judgement in assessing skills which do not lend
themselves to objective measurement. We do this in other
aspects of our work, and students need to appreciate that
it is a feature of society. In doing this we have to recognise
that transparency of process does not always imply
objectivity of marking.

• We should aim to decrease the amount of assessment,

whilst increasing the variety of methods used. In
particular we should look as carefully at the cumulative
assessment process over the whole course as we look at
the assessment of each unit or module. For example, it
may be that one can justify the assessment methods for
each module, whereas there may be a clear over-
examining of students when the course is viewed as a
whole. A reduction in the amount of assessment might
help students reflect on their work and gain a better
understanding of it; and focussing on assessment
methods that are appropriate for different skills would
surely help our graduates to become more rounded
professional chemists.

In summary, most chemistry courses do seem to address
the ‘programme specification’ outlined by Dearing, and
detailed in the QAA template. Most chemistry courses are RSC
accredited, meet the guidelines of the benchmarking panel,
and are robustly assessed. But are our graduates achieving the
full range of professional skills that we, and employers, would
like? And are our assessment procedures really encouraging
our students to develop these skills?
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