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Introduction

The term ‘constructive alignment’, coined by John Biggs (1996), is a form

of outcomes-based education that aligns both the teaching and assessment

of a course to its intended learning outcomes (ILOs). Designing a curricu-

lum to ensure alignment between teaching / learning activities (TLAs), as-

sessments and ILOs maximizes consistency and thereby the likelihood of

achieving deeper, functioning knowledge in the students: the most desir-

able outcome of teaching. ‘Traditional’ university teaching, however, is

typically not aligned. Norm-referenced grade measures and large classes

necessitated by limited resources hinder implementation of constructively

aligned courses. Additionally, courses that have run apparently successfully

for many years may lead teachers to believe that improvement is not re-

quired (Biggs and Tang; 2007). This approach to tertiary level education

follows the objectivist theory of teaching and learning, whereupon ‘decon-

textualised’ knowledge is learnt, examined and applied in what can be con-

sidered context-independent situations (1996). The role of the teacher here

is simply to impart knowledge, and it is then the student’s responsibility

to record, remember and apply that knowledge. This is increasingly being

perceived as no longer acceptable in higher educational practice, with con-

structivist learning theories gaining prominence. Constructivism is based

upon the learner taking responsibility for their own learning, arriving at

meaning and understanding through a combination of individual and group

activities which allow them to construct knowledge. Through these pro-

cesses, it is much more likely that the student will engage deeper learning
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approaches. The learner, then, takes the central role in constructivist educa-

tional environments: the ‘constructive’ part in ‘constructive alignment’. The

teacher maintains a fundamental role in providing learning situations and

tasks that enable the students to achieve this higher level understanding, act-

ing as a ‘catalyst’ (Biggs; 2003): this deals with the ‘alignment’ aspect. The

teacher/s should therefore establish a framework where TLAs, teaching me-

thods and assessments of a course are appropriate to facilitate attainment of

the intended outcomes. In effect, involvement in such a course should ren-

der it highly difficult for the student to avoid learning. Under the traditional,

objectivist approaches, students tend to target their learning toward the as-

sessment. What the average student will learn is therefore determined by

the examination content and method, resulting in largely in surface learn-

ing, e.g. memorizing course material in a decontextualised manner (Crooks;

1988). Creating a constructively aligned framework where surface learning

will not suffice and in fact is actively difficult to pursue is therefore highly

desirable.

How can such a framework for a programme be established? Biggs

(2003) describes the stages as follows:

• Define optimal outcomes of the teaching, both in terms of content and

level of understanding (ILOs)

• select TLAs appropriate to achievement of the ILOs;

• implement assessment activities that reveal how well the students met

these ILOs; and

• award grades.

Design and implementation of ILOs are clearly the foundation in con-

structive alignment, be it at institute, programme or course level, and must

precede the design of TLAs and assessments (Biggs and Tang; 2007). Con-

sideration of these aspects will form the basis of this project.

Project rationale

I ‘inherited’ the teaching of part of an MSc. course. I took the opportunity

to re-structure the elements I was involved with (lecture, lab exercises and

case studies) to try and make them coherent and aligned – with each other

and with the exam. Several issues and questions were raised during this

process:
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• What constitutes effective ILOs?

• How can these be formulated and implemented?

• How to check whether or not the ILOs had been met.

Addressing these points leads to the pedagogical aims of the project

associated with the teaching of the course:

• Design new and aligned ILOs

• Compare to existing ILOs

• Consider alignment with assessment methods.

Course description

The course in question, Heterologous Expression, is part of the biology

MSc. programme in Biotechnology (appendix 1). It carries 15 ECTS cred-

its over one block of full-time study. My involvement was in teaching one

of the expression systems. A different system was introduced every week,

with each being taught by different teachers. There were 33 students par-

ticipating in the course. Overall learning outcomes for the course were as

follows:

The course should enable the students to appraise different systems

available for heterologous expression of a gene leading to protein produc-

tion, to select the most appropriate system, and to subsequently successfully

implement that strategy. The summative assessment takes the form of a 30

minute oral examination at the end of the block of study.

The programme ILOs (Figure 14.1) clearly lack specificity for directing

the teaching of the elements of which it is made. As a newcomer to teaching

the programme, this made it difficult for me to design my teaching and to

have it align with the other elements, and, importantly, with the assessment.

The existing programme ILOs in the ‘knowledge’ category make surface

level learning demands on the students: in the SOLO taxonomy, describe is

a quantitative phase verb which requires only that the students increase their

knowledge, but do not necessarily deepen understanding (Biggs and Tang;

2007). Other verbs used in the programme ILOs in the ‘skills’ and ‘compe-

tences’ categories are use, design and transfer. These address the acquisi-

tion of functional knowledge and demand higher level understanding from

the students. These ILOs provide guidance as to what should be included

in the teaching of the individual elements of the programme. In order that

the students should be able to design strategies and transfer theories, for
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Knowledge Describe the main features of E. coli, Bacillus, S. cerevisiae, P.
pastoris, mammalian cell lines, Xenopus oocytes, Aspergillus
and plants as expression hosts

Describe the following parameters for the above men-

tioned expression systems: Expression levels, Type of post-

translational modifications, Mechanisms for secretion of the

product, Stability of the product, Stability of the transformed

expression host, Methods commonly used for transformation,

Strategies for optimization of the expression level and quality

of the product.

Skills Use the knowledge to design an appropriate strategy for the

expression of the correct amount and quality of a given pro-

tein/peptide.

Design a strategy for creating an optimal genetically modified

expression host in relation to reduction of proteases, improve-

ment of secondary modifications and efficient compartmental-

isation of the desired product.

Competences Transfer theory and principles regarding the usefulness of dif-

ferent organisms as expression hosts to different work situa-

tions.

Make ethical considerations about the use of GM organisms

for production of peptides and about the disease risks con-

nected to a certain expression host.

Fig. 14.1. Programme ILOs provided in the course description for students

example, they must be able to turn declarative knowledge into functional

knowledge. The ILOs of the programme elements must therefore be appro-

priately designed. The general theory espoused by Biggs for setting ILOs

within a constructively aligned framework involves thinking ‘in terms of

appropriate verbs’ that indicate the level of understanding and performance

to be achieved. These activities can then be incorporated into TLAs and as-

sessments, ensuring constructive alignment. The topic (Xenopus oocytes as

a system for heterologous expression), type of knowledge (some declara-

tive; mostly functional) and level of understanding (higher level appropriate

to an MSc. course) – prerequisites for ILOs - were already in place. Biggs

and Tang (2007) suggest the following doctrine:

• Choose a verb at the appropriate level of understanding / performance

expected;

• Specify the topic content addressed by the verb; and
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• Specify the context of the knowledge which pertains to the verb.

As there were three different TLAs (lecture, journal club and lab ex-

ercises), the teaching could be viewed holistically when formulating the

ILOs. The week was structured such that the lecture came first, followed

by the start of the week-long lab exercises, with the journal club in the mid-

dle. The approach taken was that learning from the ILOs set for the lecture

would be consolidated into functional knowledge during the other TLAs.

Thus, bearing in mind the criteria given above, the following ILOs were

formulated:

1. Describe the characteristics of the Xenopus oocyte system, giving ad-

vantages and limitations

2. Compare and contrast Xenopus oocytes as a heterologous expression

system with other strategies

3. Explain the role of untranslated regions (UTRs) in heterologous ex-

pression systems

4. Be able to design a strategy to identify and characterise novel trans-

porters.

Drawing from the SOLO taxonomy, describe represents a multistruc-

tural but quantitative phase ILO, whilst the remaining ILOs seek to engage

learning in the qualitative phase, both relational (compare and contrast¸
explain) and extended abstract (design). The framework of the course en-

couraged the conversion of passive, declarative knowledge acquired in the

lecture into functional knowledge through the preparation and performance

of the other TLAs.

Success of the ILOs is ultimately judged through end-of-programme

assessment. Small exercises were incorporated into the teaching that en-

abled me to check progress and understanding. For example, an exercise in

which the students had to complete a table comparing elements of different

expression systems during a lengthy incubation period of the lab exercise

gave an indication of the whether or not ILO 2 had been achieved. The

main assessment takes the form of a 30 minute oral exam at the end of

the programme. One each of the practical and theoretical exercises, chosen

randomly, are discussed, and the principles expected to be understood. An

overview and sound comprehension of the topics covered throughout the

course should be demonstrated, and links made by the student between the

different course elements are sought for. Four students randomly drew the

Xenopus lab report, and another five drew the case studies from the week to
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discuss. As a prerequisite, 75% of lab reports must be completed in order

to attend the final exam. This means that, in theory, students having already

satisfactorily passed all lab reports at the three quarters point of the course

may be discouraged from handing in reports for the remaining classes, safe

in the knowledge that they are not needed in order to pass. This highlights

one unsatisfactory side of the assessment procedure. Oral exams are most

commonly used in the defence of a thesis or dissertation, where the exam-

iner has already seen the work under assessment. The interactive nature of

the oral assessment allows the examiners to probe the students and uncover

“unanticipated but valuable learning treasures” (Biggs and Tang; 2007) and

allows the level of challenge to be tailored to fit each student. They are,

however, time-consuming and teacher-intensive: two teachers and an exter-

nal examiner took 2.5 days to examine 33 students. The notion of setting a

written exam instead has been considered and discarded by the course lead-

ers because it was felt that the oral assessment establishes immediate and

clear differentiation between top and lower grade students. It also means

that the constructive alignment possible between ILOs and the assessment

is reduced to generic terms: being able to explain principles, understand

theories, and compare and contrast the taught elements of the programme.

The average score of the students on the course was 9.2.

There should ideally be three levels of alignment present in higher

education environments: graduate attribute, programme and course ILOs

(Biggs and Tang; 2007). Invariably, however, there are barriers to this.

Jervis et al. (2005) found their efforts to achieve alignment for an under-

graduate Biochemistry degree confounded by the absence of prerequisite

courses and by an almost constant organizational change of the degree

scheme. In fact, a report into how high-quality learning can be encour-

aged in higher education funded by the U.K. Economic and Social Research

Council in 2003 suggests that the “application [of constructive alignment]

in practice is not likely to be straightforward” (McCune; 2003). The present

programme also demonstrates some of the difficulties involved in achiev-

ing constructive alignment, such as having a large number of teachers on

a course who aren’t necessarily aware of what is taught in the other ele-

ments, having a pre-determined and fixed framework for the teaching, and

not having specific assessment requirements.
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A Appendix: Course description
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