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Educational Implications for University Education through Analysing Learning Outcomes,
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- Courses/Programs Related to Life Science -
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ABSTRACT : The purpose of this study is to analyse the
specifications in the course/module descriptions in the field
of biological science in UK universities and to examine its
implications for the innovation of higher education. For
supporting data, learning outcomes, teaching & learning
strategies and assessment strategies in the course/module
descriptions were closely analysed. In many UK universities,
learning outcomes were presented according to four com-
ponents of knowledge and understanding, cognitive (in-
tellectual) skills, practical skills and transferable/key skills.
In this research, total twelve teaching & learning strategies
and thirteen assessment strategies were examined in the
course/module descriptions related to life science of UK
universities with TEF Gold. The mean number of teaching &
learning strategies was 7.9. and as for the assessment
strategies was 7.7. The results showed that UK universities
use various teaching & learning and assessment strategies.
Moreover, learning outcomes, teaching & learning and assess-
ment strategies are consistently structured in the course/
programs in the field of biological sciences. The develop-
in the
course/module descriptions such as learning outcomes, tea-

ment of consistent and detailed specifications

ching & learning and assessment strategies would con-
tribute to innovative higher education.
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(Table 1) UK universities with TEF Gold and their
course/program specification related to life science

University Course/program

University of
Buckingham(BU)

University of
Cambridge(CM)

Biomedical sciences

Natural science(Life science)

Biological and forensic

Coventry University (CO) SCeTIoES

Durham University (DU) Biosciences

Molecular medicine and

University of Essex(ES) biochemistry

Imperial College

London(IM) Biological sciences

Keele University (KL) Biology
Lincoln University(LN) Zoology
Loughborough .
University (LB) Human biology

Newcastle University(NE) Marine biology

Nottingham Trent

University (NT) Biological sciences

Molecular and cellular

University of Oxford(OX) biochemistry

Marine ecology and
conservation

University of
Portsmouth(PO)

Staffordshire University (SF) Biology

University of Surrey(SU)  Cell biology

Swansea University (SW)  Zoology

UWE Bristol(UB) Health and life science
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(Table 2> Ratings of TEF(Teaching Excellence and Student
Outcomes Framework)

Rating Meaning

Delivering consistently outstanding teaching,
learning, and outcomes for its students. It is of
the highest quality found in the UK.

Gold

Delivering high quality teaching, learning, and
outcomes for its students. It consistently
exceeds rigorous national quality requirements
for UK higher education.

Silver

Delivering teaching, learning, and outcomes for
its students that meet rigorous national quality
requirements for UK higher education.

Taking part in the TEF, but does not yet
have sufficient data to be fully assessed. The
university or college may be fully assessed in
future when it has sufficient data.

Bronze

Provisional

Al 499 Al 13, March 2021

{Table 3 Learning outcome components of course/program
specification of UK university

Component Meaning

Knowledge and understanding, which

Knowledge and students will have through

understanding disciplines(contents) on successful
completion
Cognitive Skills designed to promote the development
(intellectual)  of the graduate attributes, which map onto
skills scientific and biological habits of thought

. . Skills performed by hand or with human
Practical skills . . . .
intervention using equipment, tools or

(subject . .
o technology requiring guidance, force or
specific)
movement
Skills and abilities that are relevant and
Transferable

. . helpful across different areas of life:
skills (generic) ) .
socially, professionally and at school
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<Fig. 1> Presentation types of learning outcomes of
program/course specifications of UK universities.
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(Table 4) Learning outcomes of course/programspecification

of the University of Buckingham
Component Learning outcomes(biomedical sciences)
1. Cell function and tissue architecture
2. Cell communication including endocrine
signals
3. Biochemical pathways and metabolism
4. Macromolecular structure and function
5. Energy and matter transformations in bio-
logy
6. Chemical and physical processes and model-
ling
7. Biological information and its transmission
8. Human variation and physiological evolution
9. Physiological regulation and adaptation
Knowledge 10. Neuroscience and behgviour
11. Skeletomuscular function
and . 12. The main organ systems and their inter-
understanding .
relation
13. Aspects of human pathology and thera-
peutics
14. Pharmacology and medicinal chemistry
15. Pathogens, response to infection and immu-
nity
16. Signalling aspects of developmental biology
and cancer
17. Biological and clinical research methods
18. Data evaluation and critique
19. Hypothesis testing and research, constructing
proposals
20. Bioethics, medical ethics, professional conduct
1. Interpretation of data
Cognitive 2. Critical thinking
(intellectual) 3. Synthesis of data from different sources
skills 4. Justification/decision making
5. Innovative thinking
1. Laboratory technique: protocols in cell biology,
chemistry, biochemistry and anatomy
Practical 2. Assessment of histological specimens
skills 3. Bioinformatic skills
(subject 4. Practical biomedical modelling
specific) 5. Practical statistics and meta-analysis
6. undertaking student selected components or
‘wet’ projects
1. Constructive thinking,
2. Independent learning and self-guided study
Transferable 3. Team qukipg skills ‘
. 4. Communicating effectively,
skills c - .
(generic) 5. Se'zlf awareness and reﬂectlon
6. Time management skills
7. Planning and organisational skills
8. IT skills
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{Table 5> Learning outcomes of course/program specification of the University of Essex
Component Learning outcomes(molecular medicine & Biochemistry)
Al. Basic maths, physics and chemistry that are relevant to biochemistry and molecular medicine
A2. The different levels of organisation and complexity, from molecules, through cells, tissues and organs to the
human body and human populations
A3. Key biochemical, physiological and pathophysiological and pharmacological processes some of which is at an
advanced level
Knowledge A4. The interaction between infectious agents including prions, viruses and bacteria and the human host: and
and of the key molecular, genetic and regulatory processes involved
understanding Ab5. Genotypic and phenotypic diversity with reference to the human and other genomes some of which is at
an advanced level
A6, Appropriate practical scientific methods and approaches: observation, experimentation, modelling: and
techniques used in their analysis
A7. Key biochemistry, disease and medicine-related issues facing society (e.g. cloning, GMO's, gene therapy,
stem cell research)
Bl. Retrieve, select and collate appropriate biochemical, biomedical and pharmacological information
B2. Evaluate primary and secondary evidence and arguments
Cognitive ~ B3. Analyse and interpret quantitative information in graphs, figures, tables and equations
(intellectual) B4. Integrate and link information across course components, including material met in different years, from
skills different disciplines and covering different scales of organisation.
B5. Plan and conduct a research task (including risk assessment and ethical approval where appropriate)
B6. Present data correctly, choose and apply an appropriate basic statistical test and interpret the output
. Cl. Able to carry out basic experiments and sampling programmes in the laboratory and the field, safely and
Practical . . .
skills effectively lelOWlng a written sghedule A N
. C2. Use appropriate laboratory and field equipment safely and efficiently
(subject ) . o o . .
specific) C3. Able to explain the ‘prmaples and limitations of.a range of more ladvance_d 'practlcal tgchmques
C4. Able to use appropriate software packages for simulations, modelling, statistical analysis, etc
D1. Communication: Able to write clearly in: a) logically argued essays: b) longer reports, including basic
scientific papers: c¢) a variety of other pieces of work for different target audiences: d) e-communications,
in particular email. Plan, write and give clear, effective, well-timed oral presentations
D2. IT Skills: (i) Use of current networked PC operating systems for normal file management, (ii) Use current
common word-processing, spreadsheet, web browsing and email packages, (iii) Ability to locate and use
on-line catalogues and databases
Transferable D3. Numeracy: (i) Use appropriate precision, scales, units, scientific notation, ratios, fractions, percentages,
skills powers of 10, logarithms and exponentials. (i) Use simple algebra and trigonometry. (iii) Use
(generic) approximations for mental arithmetic estimation and verification
D4. Problem Solving: Explore, analyse and find solutions for problems involving reasonably complex information.
D5. Working with Others: Work effectively as part of a team to collect data and/or to produce reports and
presentations
D6. Self Learning: Study independently, set realistic targets, plan work and time to meet targets within
deadlines. Reflect on assessed work, feedback, and progress: Plan, record and document personal de-
velopment
U3 £G Pel e FEF L ol FATR F4 AR D5 G5 AFS Bk A 54 RS 9F
59 gt A7 WS S Ao E JOE F JdS A g AS A4 o]§) (knowledge and understanding),
oltt. Q1A 7] (cognitive or intellectual skills), 23 2% 715
(practical skills), 2-&(34]) 715 (transferable/key skills)
2. A= et IA/Z=2T080| W -8t W WL MBS0z st A3 245 FESIY AASEAM 25

re Lo
ooy

K

AP H7E AR i g
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(Table 6) Learning outcomes of course/program specification of the University of Oxford

Learning outcomes(Molecular and cellular biochemistry)

understanding

1. Acquired an understanding of the conceptual and practical aspects of modern biochemistry and its

interdisciplinary nature:

2. Appreciated the insights into life processes to be gained from the application of both physicochemical and

biological methods.

. Developed a facility for independent learning from a range of sources, including critical analysis of the original

literature, and a capacity for independent thought:

2. Developed conceptual and practical skills to define, analyse and solve problems:

. Had experience of critically researching and analysing the research literature:
. Appreciated and be practised in the numerical skills necessary to process, analyse and interpret experimental

data:

. Understood the principles of experimental design and safe use of materials and equipment in a laboratory

context.

4.

. Gained hands-on experience in a range of practical skills and methodologies relevant to biochemical research:
2.
3.

Acquired basic skills in computing and data handling:

Acquired an appreciation of the three-dimensional structures of complex molecules, and have appropriate skills
in handling molecular graphics and databases:

Completed an independent project of original research, involving a literature review and experimental design,
culminating in a dissertation.

Gl = W N

. Developed skills in logical thinking and problem-solving:

. Learned to precis large bodies of information, and present reasoned arguments both verbally and in writing:
. Gained experience in designing and undertaking a research project:

. Acquired computer and keyboard skills enabling them to present work to a high standard:

. Acquired skills in general and technical communication, both through verbal and written reports in varying

formats:

6. Developed time management skills in both study and laboratory contexts:
7. Had the opportunity to participate
g U SS ZA/Z 20 sAdAe QA AR ARE U dFk FEE e
ng-E AZ(EHE) S AASE AAJTh olE W A B8 de Zlo] S Hol AzEr
YUt e R B A, A dEF RE gae] W Sushe I A/ZE I S A
A &F, PBL, 8% AY &5, AFH 71wk & g G A=—CPH) S AASEE AT ol & WS
HE 8 =% AX, A7FE 5, Ad A4, st UdEhE =&, AE Hrh 23 2 Aey, A4 B2
TE€ 5 W 12709 wdhs A e s 24, Al 232A, FEEY, &7 %5, A7) A, F
o2 A THTable 7). ©1& et W Ed HAE PBL BYA, =% &4, LEZFL, =8
TS - e d8ses AR U AE 9, EE #F 7)o @ F9x, FEY 5 U
GgE 2t 252 L AT ol W 13709 W A e WES 8 208 ZAH
Zeleh 49-de UEL EBAE ASE Of(Table 8). 15 WEHL F@H o2 o 7770 Ho} A
A st AaEe] A3 AAE AE 3 T doa= Ao T JE, 244 AT Ad@Ao)
A, T ool FEIHY, AFT 7, e AL ¢ F YU AL ZE M =&, A
AR g, AIFESS T2 e tE 9ot 49 RIAE b AgeR g8y g
DAL ol BHAES AXHAUHE gn ggoNE BE BEoA9) Jodwe Fejwel 2
5 58S FLE F UEF A AGE A o greE wr Aoz WAS Aol EAHo|F & 4
L F5E S A B9 ZRAEY =2 A4 o v 98 gt 253l 9@ gohwe
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(Table 7) Teaching and learning strategy(method) of learning outcomes of program/course specifications by university

CM DU (0)¢ SU | SW
J J J J

Lectures

Presentation, seminars

< |||
SNENEN S
N ENEN =

Practical(wet) labs

N ENENEN
SNENENEN =

Tutorials with preparation

<
<l |8
<=

N ENENENEN -
<
SENENEN N
<

Small group workls/task

N R A

Problem(project research)
-based learning

<

Sl R BN BN BN N BN 1=

Field works,
external events

S N I LN RN N N R -
S I B EN N BN N RN 2

Computer(web)
-based activity

<

S B B I AN AN AN RN RN

Supervision V
(project/thesis)

Directed
study(independent study) v VoY

Journal clubs v v
Mock interview /viva v

*University of Buckingham(BU), University of Cambridge(CM), Coventry University(CO), Durham University (DU), University of Essex(ES),

Imperial College London(IM), Keele University(KL), Lincoln University (LN), Loughborough University(LB), Newcastle University(NE),
Nottingham Trent University(NT), University of Oxford(OX), University of Portsmouth(PO), Staffordshire University (SF), University of
Surrey (SU), Swansea University(SW), UWE Bristol(UB).

| ] | B
<

<L
<
S N N N BN
S N N A BN
<

(Table 8> Assessment strategy(method) of learning outcomes of program/course specifications by university

CA DU IM | KE|LN|LB|NO|NT|OX|PO|SF |SU|SW|UB
v
v

los]
(@)
Q
O
t
w

Essays

Exams and in-class tests

Presentations,
student lectures

A N AN
S G LN

Lab outputs and reports

SN B L N
] A
]
SN RN B B S
] A
]
] A
]
SN RN B BN

Case reports

]

Timed open -source tasks

SR N N N BN N

<
<
<
<
<
<

Tutorial test
PBL reports

Dissertation, thesis
(research project)

Portfolio

Project notebook

P ] s

<
<
<
<
<
<

<
<
<
<
<
<
<

S N N N N S N N

A N RN B B BN N AN N R AN AN

Contribution in tutorial
and group work

Group activity, Vv v Vv | Vv Y

peer assessment

*University of Buckingham(BU), University of Cambridge(CM), Coventry University(CO), Durham University(DU), University of Essex(ES),

Imperial College London(IM), Keele University(KL), Lincoln University(LN), Loughborough University(LB), Newcastle University(NE),
Nottingham Trent University(NT), University of Oxford(OX), University of Portsmouth(PO), Staffordshire University(SF), University of
Surrey (SU), Swansea University(SW), UWE Bristol(UB).

v
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de ds FHAIE 719 F dE Aotk () 2 Hyr AF0T) S AN AL FAE
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(Table 9> Teaching & learning method and assessment strategy(method) of course/program specification of the University of
Buckingham by learning outcome components

Component Teaching & learning strategy(method) Assessment strategy(method)
Essays
Knowledge [ ectures Case reports
and Class tutorials with preparation Exams and in-class tests
understanding  gma]| group tutorials/task forces Timed open-source tasks
Problem based learning Structured problems
Journal clubs Tutorial and journal club participation
Attendance at external events Portfolio entries
o Student-led seminars Wet and dry lab outputs and reports
Cognitive o
) In silico labs PBL reports
(mtell?ctual) Wet labs Presentations, posters, student lectures
skills Directed study Dissertation
Personal statement, mock interview Project notebook
Viva
Lab i
4 'exerc1se . . Lab notebook
. Specimen observation and drawing .
Practical . . Pathology journal
. Bioinformatics lab . . .
skills . In silico biology assignments
. Modelling lab . . . .
(subject . Statistics, meta-analysis and sequencing assignments
s Metaanalysis L. . .
specific) . Group project in physical modelling
Lectures/demonstrations (For projects) Dissertation and viva
Independent projects/ Dissertation bro
Timed open-source tasks
Feedforward exercises and self-assessment
Medimentor reports/MMI performance Tutorial and journal club participation
Medipathways student conference Portfolio entries
Transferable .
skills The programme embeds these professional and Wet and dry lab outputs and reports
. employability skills in class tutorials, assessments, and PBL reports
(generic)

the PBL process.
Supervised workshop leading

Presentations, posters, student lectures
Dissertation

Project notebook

Viva
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(Table 10> Teaching & learning method and assessment strategy(method) of course/program specification of the University of
Essex by learning outcome components

Component Teaching & learning strategy(method) Assessment strategy(method)
Lectures and small classes: Al to A7. (textbooks and Al to A7 are assessed by:
on-line material and research papers) Multiple Choice Questions
Laboratory practicals in complement: Al to A6. Timed and un-timed essays
Knowledge Coursework associated with lecture: Al to A7. Oral and written practical reports
and Research project: A6 (plus, a range of A1-A5, A7 Exercises in data analysis and interpretation (DAI),
derstandi depending on topic) Unseen written exams: short answer, essay and questions
understanding v syills’ module and laboratory Summer course: involving DAI
Al to A6. The individual research project: a range of A2 to A7
Seminars with small groups: Al. (depending on project topic)
Team work: A7 Team oral and individual written presentations: A7
Setting of directed learning topics: Bl, B2 and B4.
Trzining in ex;m essay glritin%i i;ZClasses and tutorials , Coursework and exam essays: BL B2 and Bd
an 'cc?ur.s ewor' essays: an L Coursework and compulsory exam DAI questions, practical
Explicit inclusion of data analysis in lectures and classes reports and the research proect report: B2 and B3
e and through progressive development of DAI coursework: P . . pro) port: . )
Cognitive B2 and B3 Integrative exam questions and coursework in the Issues
(intellectual) ) . . ~__ module: B4
] Analyses and presentation of results of practical work: Bl . .
skills to B3 and in some cases BA Individual research project: Bl to B4
. Research Skills module: B5
Progressive student development, the summer laboratory ) . L.
course and the “Tssues” course: Bd Practicals and LSKS module, and in the research project:
A : ] B6
Team project work in the summer laboratory course and
individual research project and Research Skills module: B5
Supervised practicals: C1 to C3
Practical Lectures: Cl and C3. Practicals and the research project: C1
skills Independent project work in research laboratories: C1 to C3. Some practicals: C2
(subject Practical documentation and ethical permissions and Many practicals and in theory exams: C3
su 'Je‘c) consents where appropriate for research projects: C1 to C3 Several practicals and courses: C4
specific IT and statistics training and the use of more specialised
software in practicals and the project: C4
Tutorials + online “Academic Skills” WebCT course: D1
written skills . . .
. Essays in coursework and exams, in practical reports and
Some practicals and lecture modules and the Research ) . )
Skills module: DI oral br tati Kl in the Issues module and the research project report: DI
S Moy ue-. oral presentation skills Written skills
LSKS module: D2 ) . . .
. . Practical module and in Research Skills module: D1 oral
Web, through preparation of the research project report, resentation skills
and practicals: D2 Library, online catalogue and web skills P .
Lect q . - D3 Worksheets and exams + practical work, coursework and
Transferable 0 oS and semmars: . . exam questions, submitted online: D2 and D3
. DAI questions and in some practical classes, and in . . . .
skills supervised profect work: DA Team presentations in some practical work and in the
(generic) P pro) ' Issues module: D5

Some practicals and used in practicals and Issues module:
D5

Provision of specific directed learning tasks, Attendance
monitoring, rigid deadlines, feedback on assignments and
discussions with personal tutor: D6

Students are also directed to Key Skills Online, an online
learning package which students can undertake at their
own pace

Examining directed learning material, by awarding marks
for evidence of additional reading and by imposing strict
deadlines for coursework assignments: D6.

Development of a cv and e-portfolio, and is developed in
Skills module: D6

Research Skills module: D6 Planning
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