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Introduction 
 

The module ‘Concepts in Chemistry’ (CH4005) was designed in response to a 

requirement for a new curriculum and was introduced to the first-year 

undergraduate ‘Molecular and Pharmaceutical Sciences’ (MPS) student cohort in 

2012/13. The module comprises several elements, which previously made up two 

separate modules and although these were integrated smoothly into a single module, 

this paper discusses the evaluation of the module one year after its inception and 

suggests some options for a redesign.   
 

As its name implies, CH4005 is designed to act as a broad-based primer in 

Chemistry for students undertaking both Chemistry and Pharmaceutical Sciences 

degrees. This duality means that there is significant spread in the subject knowledge 

and abilities of the students, with expertise (or lack of) in, for example, mathematics 

causing a polarising effect in the attitude of the students, mirrored in the assessment 

output. Prior to redesign, the module featured only four lectures in mathematics, 

two of which were at a pre-GCSE level and the other two which were of A-level 

equivalence. This sharp discontinuity led to the majority of the student cohort 

apparently struggling with the transition and needed to be addressed through 

module redesign.  
 

Furthermore, the UK government has expressed the view that science should exist 

at the heart of government policy and has recently emphasised the key role that 

Science, Technology, Engineering and Mathematics (STEM) will play in the future of 

the UK economy with STEM graduates being envisaged to form the backbone of 

science and industry. The module redesign had therefore to be fully congruent to 

this consideration as well as adhering to the specifications of the relevant accrediting 

body: The Royal Society of Chemistry (RSC).  
 

Approach 
 

The meld of a student-centred pedagogy and the requirement of an academic 

curriculum (i.e. content-driven) was carried out through the application of the 

outcomes based cyclical approach presented by Jenny Moon in 2001 (Gosling and 
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Moon, 2001). Overall module coherence was also reviewed in order to ensure 

continuing constructive alignment, as recommended by Biggs (1996). 
 

The evaluation of a module fulfils a variety of purposes, from acting as a quality 

assurance review and providing feedback on the effectiveness of teaching, through to 

enabling the students to have a voice (Hounsell, 2009). Here, feedback was gathered 

both from the students and staff, with suggestions and concerns ranging from the 

need for the Virtual Learning Environment (VLE) to be amended, which is a 

perennial concern and may stem from lack of early directed tuition in using VLEs, to 

the performance and, significantly, attendance of students dropping off for the short 

summative assessments taken during the year (rather those ‘bookending’ the 

module).  
 

Level descriptors state the knowledge and skills a student is expected to have 

mastered at the end of a particular level (Moon, 2006). In conjunction with the aims, 

these provide a frame on which to hang the learning outcomes. This structured 

approach is, however, not without its critics: Hussey and Smith (2009) have raised 

concerns about their versatility, speculating that common level descriptors would 

hinder the ability to produce appropriate learning outcomes for more than one 

discipline i.e. what’s good for the goose is not always good for the gander. The 

Southern England Consortium for Credit Accumulation and Transfer (SEEC) credit 

level descriptors (SEEC, 2010) are a set of level descriptors in common usage in 

Higher Education faculties across the south of England and were deemed the most 

suitable given their balance of detail, clarity and applicability. 
 

Chemistry is one of three subjects for which pilot benchmark statements were 

originally developed by the Quality Assurance Agency for Higher Education (QAA) 

(Quality Assurance Agency, 2007). They were produced in response to the Dearing 

review (National Committee of Inquiry into Higher Education, 1997) that suggested 

that the standard of higher education in such subjects was being eroded, an 

implication hotly debated to this day. The RSC has also stipulated the threshold 

standards that must be met in order for Chemistry degree programmes to be 

accredited (Royal Society of Chemistry, 2012). Here, the QAA benchmark 

statements and the RSC accreditation standards were applied in concert with the 

SEEC credit level descriptors. 
 

Jenny Moon (2007) captured the crucial difference between aims and learning 

outcomes succinctly when she stated that: “aims are therefore more about teaching 

and the management of learning, and learning outcomes are more about learning.” 
 

In essence, an aim should “provide direction” (Moon, 2007). Over the last decade, 

learning outcomes, have, however, come to have a significance not originally 

envisioned when initially proposed. Learning outcomes are now the workhorse of 

course design and redesign; but as with the level descriptors, there are some 

detractors who believe that due to the difficulty in defining truly well-written 

learning outcomes and rigid compartmentalisation resulting in some topics being 
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circumvented, learning outcomes should become merely another tool in the 

curriculum designer’s bag (e.g. Scott, 2011; Maher, 2004). However, when properly 

expressed and constructively aligned (Biggs, 1996), learning outcomes are, from this 

author’s viewpoint, a distinctly valuable asset. Much has been published on how best 

to write learning outcomes, with Moon (2007) and Scattergood (2008) providing 

two excellent reference sources. For CH4005, both the aims and learning outcomes 

were deemed still to be suitable and were therefore not adapted during the redesign. 
 

Module redesign 
 

The original module design incorporated three distinct assessment components: (1) 

regular summative assessment through ten mini-tests, (2) coursework and (3) a final 

examination. One of the key issues raised during the collation of feedback was the 

possible over-assessment of the students on this module, reflecting the dip in 

performance mid-year. Although the main argument for having a high proliferation of 

assessment tasks is to provide the students with frequent feedback, enabling them to 

improve, Bailey (1999) has observed that for Chemistry students, this argument 

does not take account of the different learning characteristics of the student and 

encourages surface learning.  One school of thought suggests that there is actually 

no such thing as ‘over-assessment’, merely an imbalance of formative to summative 

assessments (Price et al., 2011). Certainly, given that the majority of assessment 

activities in CH4005 are problem-based with feedback only given after the 

assessment event and normally only relevant to the specific questions, one could 

question the efficacy of the assessment and feedback process here. 

A modified range of assessment components was therefore proposed with more 

emphasis placed on formative assessment (hence reduction in summative 

assessment), and with educational effectiveness weighed against resource efficiency 

in order to identify the most appropriate assessment method (Higgins, 2010). 

Formative assessments include quizzes disseminated through the VLE providing 

immediate feedback, and the ‘one-minute paper’ (Angelo and Cross, 1993). This 

efficient technique can realise timely feedback for tutors and immediate cognition of 

the salient points of the teaching session by the students at a low resource cost. 
 

It has been stressed by Ryan (2011) that laboratory report writing, a crucial skill for 

a budding scientist, has long been a bug-bear for 1st year undergraduate chemists. 

Two formative assessment methods have been identified that could provide timely 

and relevant feedback to the students before their summative report write-up. First, 

pre-lab questions (re-phrased in a multiple-choice format) will be put online, 

providing instant feedback. Secondly, pre-completion feedback (known as feed-

forward) will be given on the students’ draft lab report write-ups. Such a tool has 

been found to enhance student performance and deep learning through stimulating 

engagement and tutor-student interaction (Price et al., 2011). This will be carried 

out through peer-review albeit supported by tutors, giving the students an 
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opportunity to interact with the assessment criteria, on which they will base their 

grading and feedback. 
 

Although an integral aspect of assessment, the use of assessment criteria as an 

effective tool is relatively rare (Moon, 2007), which may stem from a concern that 

overly detailed assessment criteria may risk engendering shallow learning. However, 

although generalised grade assessment criteria are in wide use across higher 

education, they are imprecise and are unlikely to imbue the students with a clear 

aspirational path to achievement. It is clear that a balanced approach must be taken 

in order to ensure that abstruse assessment criteria are not defined. 
 

However, it has been noted that research suggests that, possibly surprisingly, the 

mere existence of assessment criteria do not themselves inspire students to 

produce better work (Price and Rust, 1999). Rust therefore suggests active 

engagement with the assessment criteria (Rust, 2002), a recommendation which 

inspired the suggested peer-review ‘feed-forward’ session.  
 

One of the key redesign features for this module is the provision of a ‘blended 

learning’ component, where the majority of the mathematics would be taught as e-

learning content. Blended learning has successfully been applied to many Higher 

Education courses, with one such modification reported by Williams and his 

colleagues (2008), where the pedagogy of an Inorganic Chemistry module was 

enhanced through the formation of an ‘enhancing’ blend. Such a blend is also ideally 

suited to this module, where the student-centred approach to the e-learning 

mathematics element should enable the students to work at their own pace and at 

an appropriate level. A range of multimedia content will be developed, including 

videos and self-assessment quizzes, through WebLearn. These will categorised into a 

number of clearly defined content areas, allowing the students to select the most 

appropriate sections for their individual needs, and providing a flexible arena of self-

paced and self-managed learning. Additional support will be provided in the form of 

weekly voluntary workshops, giving students both learner-to-tutor communication 

and peer support.  
 

However, as with any mode of teaching, the learners must be considered first and 

foremost – one aspect frequently overlooked is the learners’ competence at ICT. 

For the current generation of students, known as the ‘Millennial’ generation (Sandhu 

et al., 2012) their familiarity with technology often masks paucity in critical and 

evaluative skills for information transmitted electronically (JISC, 2009). Given the 

broad student profile across London Metropolitan University, even the assumption 

that all students are comfortable using computers is likely to be false; hence all e-

learning aspects must be incorporated sympathetically.  
 

The process of evaluation itself is cyclic (Hounsell, 2009) and will continue for this 

module. However, one new source of evidence will be incorporated into the 

evaluation strategy for this module: the analysis of tracking data in the VLE, which 
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should inform on the degree of engagement that the students have with the 

technology (Anagnostopoulou et al., 2008). The dominance of such technology 

across Higher Education seldom seems to correlate with evaluation of data logs, as 

is demonstrated by the relative dearth of literature on the subject.  Could this be 

due to the inherently fixed granularity of the data leading to a necessity for further 

data mining, postulated by Hardy et al. (2008) or might it be that teaching faculties 

themselves do not have either the requisite knowledge or familiarity with the VLE 

software to be able to carry out relevant course evaluations using the data? 

Whatever the case, although the tracking data should quantify the student 

engagement with the technology, it will not necessarily mirror their engagement 

with the module as a whole and so a range of more traditional monitoring activities, 

such as attendance monitoring and assessments, will be used to supplement this. 
 

Conclusions 
 

The evaluation and redesign of CH4005 using the Gosling and Moon curriculum 

design model developed in 2001 showed that the aims and learning outcomes were 

aligned with both the teaching and learning activities and the assessment tasks. 

However, some recommendations have been made in order to alleviate an issue 

common to many 1st year undergraduate modules - that of bridging the knowledge 

gaps existent within a diverse student population without adversely affecting the 

quality and quantity of the subject matter. A blended-learning approach has 

therefore been postulated for the mathematics element of the CH4005 curriculum, 

giving students the opportunity to tackle the subject matter at their own pace and 

self-evaluate their performance. In addition, a range of formative assessments based 

on highly-cited pedagogical techniques have also been suggested, which range from 

the inclusion of the ‘one-minute paper’ and the provision of feed-forward rather 

than feedback. 
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