

[image: ]




 



Practical Skills in Biology






[image: ]


At Pearson, we have a simple mission: to help people make more of their lives through learning.


We combine innovative learning technology with trusted content and educational expertise to provide engaging and effective learning experiences that serve people wherever and whenever they are learning.


From classroom to boardroom, our curriculum materials, digital learning tools and testing programmes help to educate millions of people worldwide – more than any other private enterprise.


Every day our work helps learning flourish, and wherever learning flourishes, so do people.


To learn more, please visit us at www.pearson.com/uk







 


Practical Skills in Biology


Seventh Edition


Allan Jones
Rob Reed
Jonathan Weyers


[image: ]




PEARSON EDUCATION LIMITED


KAO Two


KAO Park


Harlow CM17 9NA


United Kingdom


Tel: +44 (0)1279 623623


Web: www.pearson.com/uk


[image: ]


First published 1994 (print)


Second edition 1998 (print)


Third edition 2003 (print)


Fourth edition 2007 (print)


Fifth edition 2012 (print and electronic)


Sixth edition published 2016 (print and electronic)


Seventh edition published 2022 (print and electronic)


© Pearson Education Limited 1994, 2007 (print)


© Pearson Education Limited 2012, 2016, 2022 (print and electronic)


The rights of Jonathan D.B. Weyers, Allan M. Jones and Robert Reed to be identified as authors of this work have been asserted by them in accordance with the Copyright, Designs and Patents Act 1988.


The print publication is protected by copyright. Prior to any prohibited reproduction, storage in a retrieval system, distribution or transmission in any form or by any means, electronic, mechanical, recording or otherwise, permission should be obtained from the publisher or, where applicable, a licence permitting restricted copying in the United Kingdom should be obtained from the Copyright Licensing Agency Ltd, Barnard’s Inn, 86 Fetter Lane, London EC4A 1EN.


The ePublication is protected by copyright and must not be copied, reproduced, transferred, distributed, leased, licensed or publicly performed or used in any way except as specifically permitted in writing by the publishers, as allowed under the terms and conditions under which it was purchased, or as strictly permitted by applicable copyright law. Any unauthorised distribution or use of this text may be a direct infringement of the authors’ and the publisher’s rights and those responsible may be liable in law accordingly.


All trademarks used herein are the property of their respective owners. The use of any trademark in this text does not vest in the author or publisher any trademark ownership rights in such trademarks, nor does the use of such trademarks imply any affiliation with or endorsement of this book by such owners.


Contains public sector information licensed under the Open Government Licence (OGL) v3.0. http://www.nationalarchives.gov.uk/doc/open-government-licence/version/3/.


The screenshots in this book are reprinted by permission of Microsoft Corporation.


Pearson Education is not responsible for the content of third-party internet sites.


ISBN: 978-1-292-39707-8 (print)


978-1-292-39704-7 (PDF)


978-1-292-39705-4 (epub)


British Library Cataloguing-in-Publication Data


A catalogue record for the print edition is available from the British Library


Library of Congress Cataloging-in-Publication Data


Names: Jones, A. M. (Allan M.), 1945- author. | Reed, Rob (Robert H.),


  author. | Weyers, Jonathan D. B., author.


Title: Practical skills in biology / Allan Jones, Rob Reed, Jonathan


  Weyers.


Identifiers: LCCN 2021037197 (print) | LCCN 2021037198 (ebook) | ISBN


  9781292397078 (hardback) | ISBN 9781292397054 (epub)


Classification: LCC QH324 .J64 2021 (print) | LCC QH324 (ebook) | DDC


  570—dc23


LC record available at https://lccn.loc.gov/2021037197


LC ebook record available at https://lccn.loc.gov/2021037198


10 9 8 7 6 5 4 3 2 1


25 24 23 22 21


Cover image: nicolas_/Getty Images; Rattiya Thongdumhyu/Shutterstock; Digital Photo/­Shutterstock; Tomasz Żołnierek/Alamy Stock Photo; Courtesy of FLIR® Systems, Inc


Print edition typeset in Times NR MT Pro 10/12 by Straive


Printed in Slovakia by Neografia


NOTE THAT ANY PAGE CROSS REFERENCES REFER TO THE PRINT EDITION







Preface to the 7th edition





The primary aim of this revision of Practical Skills in Biology was to update the text, but we also wished to respond to the helpful comments of several anonymous reviewers of the 6th edition, and in so doing, to reorganise the chapters and include significant new material. The main structural changes we have made are to (1) reorder and rewrite several chapters in the first two sections; (2) add three new chapters on working with bacteria, eukaryotic microbes and viruses; (3) include a new chapter on assaying biomolecules; and (4) revise the material on use of software and online sources in biology, to reflect the greater level of knowledge and experience of today’s students. In terms of the text itself, we have sought to use more positive phrasing throughout, to emphasise the active nature of learning in this discipline. Some details of further changes and additions are listed on the back cover. The text references and sources for further study have been updated, while the popular study exercises have been retained.


We thank again everyone who helped us with earlier editions, and for this one acknowledge in particular the assistance of Jill Muller of CQUniversity in helping to revise the material on finding and citing sources, Lou Attwood for her work in copy editing the text, and Indrasena Mukhopadhyay and Nikhil Kumar in coordinating the production of the text and images, together with other staff who were involved in the book’s production. We also recognise Rufus Curnow for his enduring support of all of the Practical Skills titles. Although this revision has largely been the work of two of the original authors (JDBW and RHR), we thank Allan Jones and Dave Holmes for their contributions to the Practical Skills series throughout the years. Finally, we thank staff at all institutions who have adopted this text. The practical syllabus in biology has come under increasing pressure in recent years, with diminishing resources and timetabling allocation. Yet such changes cannot alter the fundamental fact that biology, in all its facets, is primarily a practical subject – one in which students learn most effectively through ‘hands-on’ experience in the lab and the field. We hope that this book will help students to prepare better for practicals, projects, lectures, seminars, examinations and assignments, to gain greater enjoyment from taking part in them and to learn more about the organisms that populate our world and the ecosystems that support them.


The book is divided into several sections:


●Chapters 1–8 cover general skills, including self-management and personal development; how to learn; teamwork; and how to locate, evaluate and cite sources.


●Chapters 9–18 deal with assessment, including written assignments; practicals and projects; oral and poster presentations; revision and examinations.


●Chapters 19–73 cover a broad range of specific practical skills and techniques, ranging from basic laboratory procedures to more advanced techniques.


●Chapters 74–80 explain data analysis and presentation, ranging from the presentation of results as graphs or tables through to the application of statistical tests, with worked examples.


●Study exercises and problems are provided for each chapter. They enable you to check your understanding and to practice key calculations, either on your own, under the guidance of a tutor, or working with other students. Numerical and text-based answers are provided at the book’s website at: go.pearson.com/uk/he/resources.


Jonathan Weyers and Rob Reed


September 2021


(jonathanweyers@gmail.com; r.reed@cqu.edu.au)







List of abbreviations









	A

	absorbance






	Ar

	relative atomic mass






	ACDP

	Advisory Committee on Dangerous Pathogens






	ADP

	adenosine diphosphate






	ANOVA

	analysis of variance






	ATP

	adenosine triphosphate






	ASA

	American Standards Association






	BOD

	biological (or biochemical) oxygen demand






	BSA

	bovine serum albumin






	CD

	compact disc






	CE

	capillary electrophoresis






	CFU

	colony-forming unit






	CGE

	capillary gel electrophoresis






	CIEF

	capillary isoelectric focusing






	COD

	chemical oxygen demand






	COSHH

	Control of Substances Hazardous to Health






	CoV

	coefficient of variance






	COVID

	coronavirus disease






	CRISPR-Cas

	clustered regularly interspaced short palindromic repeat-CRISPR-associated






	CZE

	capillary zone electrophoresis






	DCMU

	3-(3’,4’-dichlorphenyl)-1,1-dimethylurea






	DCPIP

	2,6-dichlorophenol-indophenol






	DEFT

	direct epifluorescence technique






	d.f.

	degrees of freedom






	DIN

	Deutsches Institut fur Normung






	DMO

	5,5-dimethyl-2,4-oxazolidinedione






	DNA

	deoxyribonucleic acid






	DNP

	dinitrophenol






	DO

	dissolved oxygen






	d.p.m.

	disintegrations per minute






	DTT

	dithiothreitol






	EC

	electron capture






	EDTA

	ethylenediaminetetraacetic acid






	EI

	electron impact ionisation






	EIA

	enzyme immunoassay






	ELISA

	enzyme-linked immunosorbent assay






	EM

	electron microscopy






	EMI

	extended matching items






	EMR

	electromagnetic radiation






	ESR

	electron spin resonance






	F

	Faraday constant






	FAA

	formalin acetic acid






	FITC

	fluorescein isothiocyanate






	FTP

	file transfer protocol






	g

	acceleration due to gravity






	GA

	graduate attributes






	GC

	gas chromatography






	GFP

	green fluorescent protein






	GMO

	genetically modified organism






	GPS

	global positioning system






	HCG

	human chorionic gonadotrophin






	HEPA

	high-efficiency particulate air






	HEPES

	
N-[2-hydroxyethyl]piperazine-






	

	
N’-[2-ethanesulphonic acid]






	HPLC

	high-performance liquid chromatography






	HRP

	horseradish peroxidise






	IAPSO

	International Association for Physical Sciences of the Ocean






	IEF

	isoelectric focusing






	Ig

	immunoglobulin






	IPTG

	isothiopropylgalactoside






	IR

	infrared (radiation)






	IRGA

	infrared gas analyser






	IRMA

	immunoradiometric assay






	IRMS

	isotope ratio mass spectrometry






	ISO

	International Organization for Standardization






	Km

	Michaelis constant






	Kw

	ionisation constant of water






	LAN

	local area network






	LCB

	lactophenol cotton blue






	LM

	light microscopy






	LOI

	loss on ignition






	LSD

	least significant difference






	M

	molar (mol l-1)






	MCQ

	multiple-choice question






	MECC

	micellar electrokinetic capillary chromatography






	MEL

	maximum exposure limits






	MMR

	measles-mumps-rubella






	MPN

	most probable number






	MRI

	magnetic resonance imaging






	Mr

	relative molecular mass






	MS

	mass spectrometry






	NAD+

	nicotinamide adenine dinucleotide (oxidised form)






	NADH

	nicotinamide adenine dinucleotide (reduced form)






	NADP+

	nicotinamide adenine dinucleotide phosphate (oxidised form)






	NADPH

	nicotinamide adenine dinucleotide phosphate (reduced form)






	NH

	null hypothesis






	NMR

	nuclear magnetic resonance






	NPQ

	non-photochemical quenching






	NTU

	national turbidity unit






	OC

	organic carbon






	OD

	optical density






	OES

	occupational exposure standards






	OM

	organic matter






	PAGE

	polyacrylamide gel electrophoresis






	
PAM


	pulse-amplified modulated






	PAR

	photosynthetically active radiation






	PBL

	problem-based learning






	PCR

	polymerase chain reaction






	PDP

	personal development planning






	PEG

	polyethylene glycol






	PFD

	photon flux density






	PFU

	plaque-forming unit






	pH

	–log10 proton concentration (activity), in mol m-1







	PI

	photosynthetic irradiance






	pKa

	log10 acid dissociation constant






	PM

	particulate materials






	PMF

	proton-motive force






	PPFD

	photosynthetic photon flux density






	PQ

	photosynthetic quotient






	PS II

	photosystem II






	PTS

	personal transferable skills






	QIP

	quench indication parameter






	R

	universal gas constant






	RCF

	relative centrifugal field






	rDNA

	recombinant deoxyribonucleic acid






	RF

	relative frontal mobility






	RIA

	radioimmunoassay






	RID

	radioimmunodiffusion






	RNA

	ribonucleic acid






	RP-HPLC

	reverse phase high-performance liquid chromatography






	r.p.m.

	revolutions per minute






	SAQ

	short-answer question






	SARS-CoV

	severe acute respiratory syndrome-coronavirus






	SD

	standard deviation






	SDS

	sodium dodecyl sulphate






	SE

	standard error (of the sample mean)






	SEM

	scanning electron microscopy






	SI

	Systeme Internationale d’Unités






	SLR

	single lens reflex






	SPM

	selectively permeable membrane






	STP

	standard temperature and pressure






	T

	absolute temperature (in kelvin)






	TCA

	tricarboxylic acid






	TEM

	transmission electron microscopy






	TEMED

	tetramethylethylenediamine






	TLC

	thin-layer chromatography






	TMB

	tetramethylbenzidine






	TPMD

	tetramethylphenylenediamine






	TPP+

	tetraphenylphosphonium






	TRIS

	tris(hydroxymethyl)aminomethane or 2-amino-2-hydroxymethyl-1,3-propanediol






	TS

	transverse section






	TTL

	through the lens






	URL

	uniform resource locator






	USB

	Universal Serial Bus






	UV

	ultraviolet (radiation)






	Vmax

	maximum velocity






	WWW

	World Wide Web






	XGAL

	5-bromo-4-chloro-3-indolyl-β-D-galactoside (62)











Study strategies

1.Developing your skills

2.Self-management

3.Learning effectively

4.Making the most of learning resources

5.Locating and citing published information

6.Evaluating information

7.Working with others

8.Mapping your personal development






1Developing your skills



A degree in the biosciences covers both knowledge and skills. Both are integral to your future qualification: along with your personal attributes, they are what your future employer will be looking for when they hire you. There are many possible classifications of skills and your university may favour a specific approach. One possible division relevant to biology is into generic and practical skills (Fig. 1.1).


Using skills terminology – different phrases may be used to describe skills and associated personal qualities, depending on place or context. These include: ‘graduate attributes’, ‘transferable skills’, ‘personal transferable skills’ (PTS), ‘key skills’, ‘core skills’ and ‘competences’.



Generic skills are, by definition, those applicable in a range of study and work scenarios. For example, self-management, cognitive (thinking) and interpersonal skills are central to the notion of university education and becoming a graduate. Practical skills have a hands-on aspect and a direct relevance to study, research and employment in the biosciences. For example, the skills involved in measuring pH (Chapter 24) are relevant at all levels, in fields as diverse as ecology and molecular genetics.

The phrase ‘Practical Skills’ in the title of this book implies a focus on laboratory and field skills, and the text covers a broad range of these in some detail. However, many generic skills are also covered, because they too are essential in any future career as a biologist. A good understanding of these skills will help you to succeed and to place your studies in biology within a wider context.


KEY POINTBiology is essentially a practical subject, and therefore involves highly developed laboratory and field skills. The importance that your lecturers place on practical skills will probably be evident from the large proportion of time you will spend on practical work in your course.



[image: ]

Fig. 1.1An outline of skills relevant to bioscientists, as covered in this textbook. The skill sub-categories (rectangular boxes) on each side correspond to the book’s section headings, and representative chapter titles are shown for each section. Generic skills are mainly covered in the first two sections and in the last section (a total of 25 chapters), whereas the bulk of the book (comprising seven sections and 55 chapters) covers practical skills. For the full section and chapter listing, see pp. v–vii.


Identifying the range of skills relevant to biology

The biosciences cover a wide range of topics, including ecosystems, whole organisms, cells and molecules. Accordingly, the range of skills involved is extremely large. To accommodate this diversity, this book is divided into ten sections dealing with related skill areas (Fig. 1.1) with a total of 80 chapters, each covering a different topic in detail.


Finding out about the skills covered in your studies – programme (degree, course) and module (unit) handbooks for your subject will draw attention to the skills elements of your course. Usually the learning outcomes (objectives) will summarise the skills that are covered (Chapter 3). While the precise topics and related skills covered in lectures and practicals will reflect the interests, expertise and experience of lecturers, the curriculum must also adhere to national standards. In the UK, these are laid out in a ‘Subject Benchmark Statement’ published by the Quality Assurance Agency for Higher Education and they are inspected through rigorous institutional and programme review procedures. Appendix 1 provides a listing of skills from this Benchmark Statement for the Biosciences, showing where these are covered in this book.



The word ‘skill’ implies much more than the robotic learning of, for example, a laboratory routine. Of course, some of the tasks you will be asked to carry out in practical classes will be repetitive. Certain techniques require manual dexterity and attention to detail if accuracy and precision are to be attained, and the necessary competence often requires practice to make perfect. However, a deeper understanding of the context of a technique is important if the skill is to be appreciated fully and then transferred to a new situation. That is why this text is not simply a ‘recipe book’ of methods and why it includes background information, tips and worked examples, as well as study exercises to test your understanding.

Reflecting on the transferability of skills

The term ‘transferability’ is often used in relation to skills to imply that someone with knowledge, understanding or ability gained in one situation can adapt or extend this for application in a different context. In some cases, the transfer of a skill is immediately obvious. Take, for example, the ability to use a spreadsheet to summarise biological data and create a graph to illustrate results. Once the key concepts and commands are learned (Chapter 75), they can be applied to many instances outside the biosciences where this type of output is used. This is not only true for similar data sets, but also in unrelated situations, such as making up a financial balance sheet and creating a pie chart to show sources of expenditure. Similarly, knowing the requirements for good tabulation and graph drawing (Chapters 76 and 77), perhaps practised by hand in earlier work, might help you use spreadsheet commands to make the output suit your needs.


Example

The skills involved in teamwork cannot be developed fully without a deeper understanding of the interrelationships involved in successful groups. The context will be different for every group and a flexible approach will always be required, according to the individuals involved and the nature of the task.



Other cases may be less clear but equally valid. For example, towards the end of your undergraduate studies you may be involved in designing experiments as part of your project work. This task will draw on several skills gained at earlier stages in your course, such as preparing solutions (Chapter 23), deciding about numbers of replicates and experimental layout (Chapters 30 and 31) and perhaps carrying out some particular method of observation, measurement or analysis (Chapters 40–73). How and when might you transfer this complex set of skills? In the workplace, it is unlikely that you would be asked to repeat exactly the same process, but in critically evaluating a problem or in planning a complex project for a new employer, you will need to use many of the time-management, organisational and analytical skills developed when designing and carrying out experiments. The same applies to information retrieval and evaluation and writing essays and dissertations, when transferred to the task of analysing or writing a business report.


Taking opportunities to develop and practise skills in your private or social life – you could, for example, practise spreadsheet skills by organising personal or club finances using Microsoft Excel, or teamwork skills within any university clubs or societies you may join.



Making the most of your graduate attributes

The skills emphasised in biology courses are sometimes considered alongside a university-wide framework of graduate attributes that are intended to summarise the qualities and skills that an employer might expect in those with qualifications from your institution. The associated notion of ‘graduateness’ summarises the effect of degree-level experience and learning on an individual. This in turn is connected with the concept of ‘employability’ which encompasses those skills and qualities required to gain and maintain employment. An understanding of these concepts is important for every student, as this not only leads to a better appreciation of the value of certain activities and assessments, but also provides a specialised vocabulary and gives insights about your personal development and career potential.


Definitions

Employability – the ability to secure employment and follow a long-term career, requiring: (1) a mix of subject knowledge and understanding; (2) the possession of relevant practical and generic skills; (3) suitable personal attributes and attitudes; (4) an appreciation of workplace values; and (5) an understanding of the need for continuing personal and professional development.

Graduate attributes – the set of qualities and skills that graduates develop through their academic study and engagement in student life, including the acquisition of subject-specific knowledge, intellectual skills, practical skills, personal skills and digital literacy.



At the end of your course, which may be some time away, you will aim to get a job and start on your chosen career path. You will need to sell yourself to your future employer, firstly in your application form and curriculum vitae (Chapter 8), and perhaps later at interview. Companies rarely employ bioscience graduates simply because they know how to carry out a particular lab routine or because they can recall specific facts about their chosen degree subject. In addition to subject expertise, they will be looking for a range of graduate-level skills and attributes. Typically, for example, they will seek employees who can demonstrate the ability to work in a team, to speak effectively and write clearly about their work. All of these skills and attributes can be developed at different stages during your university studies.


KEY POINTFactual knowledge can be important in degrees with a strong vocational element, but understanding how to find and evaluate information is often rated more highly by employers than the ability to memorise facts.



Most likely, your future employer(s) will seek someone with an organised yet flexible mind, capable of demonstrating a logical approach to problems – someone who has a range of skills and who can transfer these skills to new situations. Many competing applicants will probably have similar qualifications. If you want the job, you will have to show that your additional skills and personal attributes place you above the other candidates.


Text reference

QAA, 2019. Subject Benchmark Statement for Biosciences. Available: https://www.qaa.ac.uk/docs/qaa/subject-benchmark-statements/subject-benchmark-statement-biosciences.pdf Last accessed 04/03/21.

Sources for further study

Drew, S. and Bingham, R. (2010) The Guide to Learning and Study Skills. Gower Publishing Ltd, Aldershot.

McMillan, K.M. (2021) The Study Skills Book, 4th edn. Pearson Education, Harlow.

Race, P. (2007) How to Get a Good Degree: Making the Most of Your Time at University, 2nd edn. Open University Press, McGraw-Hill Education, Maidenhead.




STUDY EXERCISES

1.1Evaluate your skills. Examine the list of skill topics shown in in the chapter listing on pp. v–vii. Now create a new table with two columns, like the one on the right-hand side. The first half of this table should indicate five skills you feel confident about in column 1 and show where you demonstrated this skill in column 2 (for example, ‘working in a team’ and ‘in a first year group project on marine biology’). The second half of the table should show five skills you do not feel confident about, or you recognise need development (for example, communicating in verbal form). List these in column 1 and in column 2 list ways in which you think the course material and activities in your current modules will provide you with the opportunity to develop these skills.

1.2Find skills resources. For at least one of the skills in the second half of the table in Study exercise 1.1, check your university’s library database to see if there are any texts on that subject. Borrow an appropriate book and read the relevant sections. Alternatively, carry out a search for relevant websites (there are many); decide which are useful and bookmark them for future use.



	Skills I feel confident about
	Where demonstrated



	1.
	



	2.
	



	3.
	



	4.
	



	5.
	



	Skills that I could develop
	Opportunities for development



	6.
	



	7.
	



	8.
	



	9.
	



	10.
	




1.3Analyse your goals and aspirations. Spend a little time thinking what you hope to gain from university. See if your friends have the same aspirations. Think about and/or discuss how these goals can be achieved, while keeping the necessary balance between university work, paid employment and your social life.

Answers to these study exercises are available at www.pearsoned.co.uk/practicalskills






2Self-management



The term ‘self-management’ covers a wide range of skills, from being able to organise your life to understanding how to learn independently, making up an important subset of the broader skills highlighted in Chapter 1. This will become increasingly important throughout your studies, until you reach a stage when you will be expected to be able to work independently – for example, when completing a research project in your final year.


Learning how to learn – this is a vital self-management skill for university and beyond, covered in Chapter 3.




KEY POINTBeing able to self-manage is a key characteristic of a successful graduate and being able to demonstrate this is a strong aid to employability (Chapters 1 and 8).




Definitions

Aim (or Goal) – a long-term achievement you want to work towards, reflecting your ambitions.

Milestone – a ‘marker’ or key event along the way towards an objective or aim.

Objective – a well-defined short-term step towards your overall aim.

Outcome (or Target) – a measurable result from your activities.

Note: authorities differ on the definition of these terms, often depending on context. The above definitions relate to self-management.



Planning your approach to university

As in all things, you are likely to achieve more from your time at university if you make purposeful decisions about what you want and how you are going to get there. Thinking about exactly what you hope to accomplish in your studies and personal life will help you to plan and prioritise your activities and make the most of your time. Typically, this will involve the following steps:

1.Establishing your aims. These are the broad statements of intent, setting out the end results you would like to achieve. They are sometimes called goals. You need to consider what you wish to accomplish by the end of your studies, for example, ‘graduate with a good degree’, as well as the other things you’d like to achieve during your time at university, such as ‘learn Spanish’.

2.Setting your objectives. These are more specific in their focus, when compared with aims. In essence, they are the smaller steps that help you to achieve an overall aim, for example, ‘improve my ability to use spreadsheets’. Each objective should also have a measurable outcome (a target).


Using the ‘SMART’ approach to write objectives. You should ensure they are:

●Specific – clear and unambiguous

●Measurable – with quantified targets, so you can assess progress

●Achievable – attainable within your abilities and resources

●Relevant – helping to achieve your overall aim

●Timed – so you can work to a suitable timeline for completion

The best objectives will, therefore, have detail on aspects of ‘what’, ‘how’, ‘where’ and ‘when’. The objective ‘to spend an extra hour each week on directed study in microbiology next term’ addresses these aspects and fulfils the SMART criteria, in contrast to a general intention ‘to study more’.



The process of writing out your aims and specifying your objectives is an iterative one. Both should be reconsidered from time to time to ensure their relevance. Also, once you’ve completed any particular objective, you should re-evaluate your plans, and, where necessary, establish new ones.

Once you have drafted your aims, it may help to discuss them with a friend or tutor. Then write out some objectives within different time frames, forming an overall plan. Make sure that your objectives fit the ‘SMART’ criteria.


KEY POINTThere are no hard-and-fast rules around setting out your aims, writing objectives and planning – some people prefer a highly structured approach while others follow a looser path. Self-management involves deciding what works best for you, thereby making the most of your time.




Example

A possible set of objectives for a 1st year biology student:

Short term

●Allocate two hours on Monday, Wednesday and Thursday to research my zoology essay.

●Join the tennis club before mid-term.

Medium term

●Set up a revision timetable for the end of semester exam by week 5.

●Find out about volunteering at the local food bank at the start of Semester 2.

Longer term

●Improve my exam skills by attending the learning centre’s sessions in Semester 3.

●Discuss with my flatmates options for accommodation next year and search for options.



Organising your time and tasks

Being better organised should help you to achieve more. This applies to things such as the tidiness of your desk and the filing of your notes, but also to the focus of your efforts in achieving your objectives. Smartphone calendars allow you to organise your activities and can be used to provide reminders for important activities. As well as these, many more specialised time-management and productivity apps are available (search ‘time management [or planner] apps for students’), most of which will sync with your smartphone calendar. Alternatively, you may prefer to use a ‘planner’ type of diary. Apps and diary-style planners are convenient for recording notes and ‘to-do’ lists, while post-it notes are a low-tech method of writing down short-term lists of tasks.

A revision timetable (Chapter 17) is a good example of a short-term plan – and a similar approach can be taken to make the most of your time in other situations.

●For all assignments such as essays and reports, enter submission dates in your diary/planner – work back in time to the present, entering milestone tasks (see, for example, Fig. 33.2) so that you can complete the work on time (for example, ‘complete literature survey by now’). Put reminders in your smartphone in advance of each milestone, ensuring that you give yourself enough time to complete the task.

●Note down the times of all lectures, tutorials, lab classes and other commitments.

●Consult these entries to plan out the forthcoming week or month.

●Write down your daily and weekly ‘to do’ checklists – keep them in one place.

●Use your checklists to monitor progress on large tasks – recognise that you don’t necessarily have to complete the component parts in a linear sequence; for example, when writing a project report (Chapter 12).


Using formal organisational systems – those produced by e.g. Filofax, Time Manager International (TMI) or Day-Timer tend to be aimed at the business market, and are often relatively expensive.



Workspace organisation is another aspect where people have their own preferences: for example, you might be a person who tidies up as you go, or you might ‘declutter’ each week or before each major new task. Reflect on your current approach and decide if it needs to be improved, and how this might be achieved. Useful tips include:


Planning complex projects – longer, multipart tasks like research projects (Chapter 33) may benefit from a more organised approach, where you track your progress in elements of the work, taking account of their interdependence and your achievement of relevant milestones. This can be organised and monitored by creating a specialised ‘Gantt’ chart with the elements displayed on the vertical axis and time (and progress) on the horizontal axis (Chapter 33).



●ensure you have enough folders/ring-binders – organise the paperwork for modules on your course using these

●set out your bookshelves so you know where to find key textbooks and sources – keep them from cluttering your desk when not being used

●ahead of a big task, make sure you have sufficient paper, pens, printer ink, etc. so you aren’t interrupted by not having these items when needed

●make sure your working environment is reasonably quiet – make sure the temperature is suitable, and includes room to spread out sources, space for your computer or laptop and good lighting

●decide how you will reward yourself for achieving milestones and objectives – this can be as simple as deciding that you will take some exercise or eat a snack.


Keeping your decluttering efforts under control – work quickly and effectively on organising your workspace; don’t use tidying up as a form of work-avoidance (procrastination, p. 12).



Non-academic activities will continue to be important while you are working on a big academic task, which is another reason for good planning. Examples might include organising shopping for food, clothes, etc, or creating, tracking and sticking to a financial budget. Try to timetable these activities for periods when you feel less inclined to study.

Re-balancing your activities

If you feel that the balance of your working and personal time isn’t right, then you could try analysing your current activities, since this is an important factor in being a successful student. However, it is important to recognise that putting time-management techniques into practice is an individual matter: self-discipline and self-evaluation, based on what works for you, will enable you to develop effective working systems.

Analysing and organising your time

Knowledge of how you currently spend your time is key to developing better time-management. To do this, you might keep a log of your different activities over, say, a week. Ideally, this will cover the full range of your activities, so that it is representative. You might, for example, create a table divided into half-hour segments for each day, and note down what you do during each time slot. Alternatively, you could try to recreate a past record of the past few days from memory, though this is likely to be less accurate.


Definitions

Committed time – timetabled activities involving your academic objectives, including lectures, practicals, tutorials, work on assessments and associated personal study/revision.

Maintenance time – that spent supporting your general activities, such as shopping, cleaning and laundry.

Discretionary time – time for you to use as you wish, for example, recreation, sport, hobbies and socialising.



Think beforehand how you should categorise the different things that you do while awake, from the mundane (for example, cooking and eating) to the timetabled (for example, lectures and practicals). For example, it might be relevant to group your activities under broad terms like ‘committed time’, ‘maintenance time’ and ‘discretionary’. You then could use a spreadsheet (Chapter 75) to summarise this information and present it as, say, a pie chart or a bar chart (p. 575–576), so you can visualise the relative proportions. You can now analyse your data, seeking answers to questions such as:

●How much time do I spend on each category in a typical week?

●How do I divide my time between study, general activities and relaxation?

●Am I satisfied with these time allocations, when compared to the importance of each category?

●How much of my time is used effectively?

●What changes do I want to make?

The key overarching question for you to answer is: ‘Does my present allocation to committed time allow me to fulfil my aims?’

Analysing and organising your tasks

Not only do you need to decide on your allocation of time across different categories of activity, you need to choose what to do and when. One way of achieving this is to analyse your current tasks according to their importance and urgency (Fig. 2.1). Important tasks are those with significant consequences, such as studying for a test whose results will impact on your final grade, while urgent tasks are those which must be done as a top priority and at short notice, such as work towards an impending essay deadline. One approach is to allocate items on your checklist of current tasks according to their position on a grid showing relative urgency and importance (Fig. 2.1a). Then, organise your tasks by prioritising those in the ‘urgent and important’ category and downgrading those in the ‘non-urgent and unimportant’ category, ranking the ‘important’ and ‘urgent’ ones as you see fit.
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Fig. 2.1How to prioritise your activities for a checklist. (a) Suggested layout for prioritising activities. (b) The grid from (a), populated with some example activities. Note that each person’s categorisation might be slightly different. (c) The resulting checklist of priorities arising from this approach. Again, although the broad results will be similar, each person’s list might differ in detail, especially in the middle section.

A disadvantage of this approach is that it may lead you to focus on impending one-off activities that you judge to be important and urgent, compared with tasks that are more routine or long-term, or discretionary. For example, you might prioritise preparing for an end-of week presentation over your regular sports sessions, or ahead of learning a language. The latter type of ‘elephant task’ is best managed by scheduling frequent small ‘bites’ over a longer time period, and making sure that they are allocated sufficient time. Tasks will often change in their rating through time: that distant important but not urgent project report with a submission date at the end of semester will become progressively more urgent as the deadline approaches.


Using checklists as often as possible – post your lists in places where they are easily visible and frequently seen, such as on a pin-board near to your desk. Ticking items off your checklist as they are completed gives you a feeling of accomplishment and progress, reinforcing your motivation.



If it suits your approach, make a weekly plan (Fig. 2.2) incorporating all of your routine activities and then fill the gaps with the less regular tasks, prioritised as discussed above. This might be supplemented by daily checklists. All your plans and checklists should be flexible, but should form the basis of most of your activities unless your circumstances change. Also, the time you take to review and plan needs to be scheduled as a brief daily activity. Box 2.1 provides further tips for effective planning and working.


Understanding the benefits of consciously managing your time – these include:

●greater control over your activities

●improved productivity

●improved performance

●less guilt about timetabled recreation

●enhanced mental well-being – avoidance of stress.




KEY POINTAt the end of each day, review the success of that day’s checklist and create a new one for the following day. Add in new tasks and carry over previous ones as appropriate, deciding the priority for each. It’s a good idea to put the most ‘urgent and important’ tasks earlier in the day so they stand a better chance of being completed.
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Fig. 2.2A weekly diary with an example of entries for a first-year science student with a Saturday job and active membership of a volleyball club. Note that ‘free time’ can change to ‘study time’, in sessions marked with an asterisk when work or exam revision requires the extra effort. Study time (including attendance at lectures, practicals and tutorials) thus represents between 42 and 50% of the total time.


Box 2.1How to plan and work effectively


●Develop a self-management system that works for you – review its success at frequent intervals and modify, as appropriate.

●Learn from your experience – understand what has been successful in your approach and why, then make appropriate changes to aspects that you find less useful.

●Learn from others – discuss with friends and fellow students to see what works for them. Swap tips with each other – you may pick up some useful ideas to try out.

●Set yourself realistic aims and objectives – better to complete a smaller task than feel that a major undertaking is beyond your reach, leading to frustration.

●Avoid procrastination – find a way to get started; if you don’t, the work levels required will increase, making everything more difficult.

●Avoid distractions – switch off your phone/email notifications so that you can work without ‘e-disturbance’. Similarly, avoid physical distractions, such as the TV, etc.

●Try not to be a perfectionist – perfection is wasteful of effort.

●‘Nudge’ yourself into better habits and successful routines – the idea behind behavioural nudging is that minor actions can make it easier for you to make a desired choice. Applying this to yourself, you might, for example, leave your phone in a separate room, so you avoid being distracted by incoming messages when studying, or you might arrange to meet a friend near to the library, so you have an easier route to go there afterwards.

●Try to concentrate effectively – a series of short, focussed spells at working can achieve much more than a long spell of aimless, vague study.

●Avoid recurring crises – if you keep getting into the same time-management issues, identify and solve the underlying problem.

●Learn to say ‘no’ firmly – suggest an appropriate time for social activities, so they don’t interfere with your schedule.

●Know your own body rhythms – decide whether you are a morning, afternoon or evening person, and focus your academic efforts during your active time(s).

●Learn to recognise the benefits of rest, relaxation, exercise and sleep – and build all of these elements into your timetable.

●Take short but complete breaks from your tasks every 40–60 minutes – you will return to them refreshed and ready to work. Set your smartphone’s alarm so that you don’t forget.

●Work in a suitable study area – keep your workspace organised.

●Avoid clutter – both in your study environment and in your mind.

●Learn how you learn best – see Chapter 3 for advice on how to learn and how to remember information.

●Learn to access and use information effectively – follow the tips in Chapter 4.

●Learn to take notes effectively – follow the tips in Chapter 3.

●Write efficiently – use word processor features to speed up your use of time (Chapter 14).






Achieving quality in time management – avoid wasting time in unproductive studying, e.g. reading a textbook without having specific objectives for that reading (see p. 28–30 for advice on ‘active reading’ and Chapter 3 for advice on effective learning).



Avoiding time-wasting activities

Ineffective or wasted time is that spent doing activities that produce no benefit in relation to your aims. This doesn’t necessarily mean that all discretionary time is wasted – we all need rest and relaxation in appropriate amounts. The real time-wasters include: procrastination; chatting; over-long breaks; uninvited interruptions by others; and even ineffective study. If any of these are a problem, then you need to find strategies to minimise their effect, such as studying in a library, or setting limits to the time allocated to meet with friends. As an example, if you find yourself spending too much time using social media, try to limit this to a specific period each day. You might even use this activity as a ‘reward’ when you achieve a certain milestone.


Being assertive – often friends and family can spoil your plans by interrupting you. Find a way of preventing their interruptions; for example, put a ‘do not disturb’ sign on your door, or work somewhere where you won’t be disturbed.



It is also important to match your activity to your body’s rhythm. Everyone has times of day when they feel more alert and more able to work or study. Work out when these times are for you and plan your work accordingly. Allocate relaxation events for periods when you tend to be less alert. Make sure that you get enough relaxation and sleep – research shows that we all need rest and sleep of sufficient duration and quality to process each day’s information (p. 19).


Reviewing your progress

It’s not enough just to create a set of objectives. You must revisit them to check on progress and update them when necessary. This process of review applies to the simplest of daily checklists, but also to your longer term aims. Accomplishing your milestones and objectives gives a feeling of achievement – but equally, not completing others might provide a prompt to start working in a more focussed way.

Managing your well-being

There are many aspects of well-being, from fitness to mental contentment. As it applies to academic work, the chief issues include: motivation, physical health, anxiety and stress. In relation to general student life, key issues include: relationships, financial issues and mental health. Box 2.2 provides some practical suggestions related to these matters.

Some well-being issues are transient, such as the stress experienced before an exam or oral presentation; others may be deep-seated and longer lasting, such as a relationship break-up. Each issue affects us individually, drawing on our personality, experiences and medical history. It is therefore impossible to provide specific advice – you must draw what you can from general guidance, as it applies to your situation.


KEY POINTIf you are worried about any well-being issue, it is vital to seek professional help as soon as difficulties materialise. For academic matters, speak to your personal tutor or course leader; for health conditions, ask your doctor or your university’s health service; and for relationship and mental health issues, talk to your university’s student welfare staff.
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Box 2.2How to approach well-being issues


●Staying motivated Most students enjoy their course and the opportunity to study their chosen subject in depth. However, you may experience ups and downs in your motivation. These might be related to changes in subjects/topic, a response to a less-than-inspiring lecturer, or a low mark in an assessment. Usually these changes are temporary: should you feel unenthusiastic at present, you will soon be more upbeat again. Sometimes, however, your feelings may be more deep-rooted and worrying – possibly you feel either unsuited to university as a whole, or that you may be on the wrong course. If this applies to you, contact your course leader, academic tutor or study advisor: there are often pathways to change subject within institutions. Of course, this assumes that there are places available and it may involve extra work in catching up on coursework. Note that if you don’t make a change within a certain period, you may be ‘timed out’ of the process. The sooner you raise the issue, the better.

●Being healthy One of the keys to mental well-being is physical fitness and lack of illness (‘a healthy mind in a healthy body’). All universities have gym and sports facilities and also a range of sports clubs and societies, so there are many opportunities to take part in some form of physical activity. Diet is another important aspect of physical well-being, and if you are feeling sluggish and generally run down, maybe you should review your eating and drinking habits. Take steps to adjust appropriately. Leading a hectic life could be an additional issue. Are you getting enough relaxation and sleep? On-going medical conditions can also have an effect on your mental state. It is important to tackle these issues as early as possible. For example, if you find that conditions such as migraine, or chronic joint or muscle pain are affecting your ability to study, consult your general practitioner or the university doctor.

●Dealing with anxiety and stress While anxiety is a feeling of worry or uneasiness about situations with uncertain outcome, stress is a state of mental tension arising from your perception of adverse or challenging circumstances. Anxiety can result from being in an unfamiliar environment and interacting with new people, while study workload is a recognised cause of stress among students. This factor is heightened near to assessment deadlines and exam time. Being well organised in your studies and revision can help to reduce anxiety, but a certain amount of nervousness is inevitable and may even be beneficial. Recognise that such feelings are a natural way of boosting your performance, and are important for motivating and energising you. A common cause of anxiety is ‘imposter syndrome’, a feeling that you are not worthy of your place at university – either because you doubt your ability, or you lack the confidence to proceed with self-directed study at this level. Be assured that others believe in you: the education authorities who gave you the qualifications that got you to university, the teachers who supported you, the university recruitment staff and your friends and family members who will back you up. Try to battle through any feelings of low self-worth: it won’t be long before your positive personal qualities will see you through and/or you realise that your fellow students and tutors are not as intimidating as they may at first appear.

●Working through relationship issues Being homesick is probably the first emotional response of any student living away from home, while a feeling of loneliness affects many first year students, even if they live at home. Existing personal relationships will inevitably change. The resulting adjustments can cause anxiety. These negative feelings can be conquered by a determination to engage with others, for example, in clubs, societies and in your academic classes. Maintaining contact with your family and old friends provides a valuable anchor to help you work through these feelings, but it is important to realise that making new friends and dealing with new situations are skills that you will require throughout your working life. General advice about difficulties in relationships can appear trite and simplistic – such as ‘talk things through’. However, such advice incorporates more than a grain of truth. Sometimes a period of worry and sadness is inevitable, e.g. after a break-up or the illness of a close family member – it helps to understand that time will lessen your negative feelings.

●Overcoming money issues and debt Financial issues can be a problem for many students, with the timing of loans causing times where you have plenty of money, followed by periods where money is in short supply. The strong advice here is to create a budget for each semester and do your best to stick to it (for specific advice on budget-setting, see McMillan and Weyers, 2021). For some undergraduates, having a large debt like a student loan is a major cause of worry. If so, talk to those managing your account at your bank. They will be used to dealing with this sort of issue and can offer helpful advice and support, for example, through overdraft facilities. Your student union or university advice service might also have a specialist officer who can give advice and support.






STUDY EXERCISES

2.1Evaluate your time usage. Compile a spreadsheet to keep a record of your daily activities in 15-min segments for a week. Analyse this graphically and identify areas for improvement.

2.2List your short-, medium- and long-term tasks and allocate priorities. Produce several lists, one for each of the three timescales and prioritise each item. Use this list to plan your time management by scheduling high-priority tasks and leave low-priority activities to ‘fill in’ the spare time that you may identify. This task should be done on a regular (monthly) basis to allow for changing situations.

2.3Plan an ‘elephant’ task. Spend some time planning how to carry out a large or difficult task (learning a language or learning to use a complex computer program) by breaking it down into achievable segments (‘bites’).

2.4Research the support services at your university. Some are run by the university itself, others in tandem with the students’ association. Where are they physically situated and what Web resources do they have? Don’t ignore the ‘help desks’ associated the library and IT services, which can provide valuable practical support.

Answers to these study exercises are available at www.pearsoned.co.uk/practicalskills






3Learning effectively



The ability to learn is such a fundamental human characteristic that it is often taken for granted. However, like any skill, learning is something that can be improved by reflection, focus and effort. This chapter aims to provide you with information and practical advice to help you consider your own practices and preferences, so that you can improve your approach to study and enhance your understanding of biology at a deeper level.


Understanding the learning process – it is important to focus not only on the products of learning, but also on the process of learning, as this will enhance your capacity to learn.




KEY POINTAt university, you will be expected to set your own agenda for learning, as a key aspect of self-management (Chapter 2). While there will be timetabled activities, assessments and deadlines, it will be your responsibility to decide how best to study and learn, how to manage time and tasks and, consequently, what you will gain from the experience. You should be willing to challenge yourself, to make the most of your time and to realise your full potential.



Thinking about thinking: metacognition

The cognitive processes that you will be expected to use in your learning are often described as a sequence, starting with so-called ‘shallower’ thought processes and ending with ‘deeper’ processes, each of which builds on the previous level, as shown in Table 3.1. The first two categories in this ladder apply to gaining basic knowledge and understanding (facts and information), relying strongly on memorisation; these are important when you first encounter a new topic in biology. Categories 3 to 6 require you to apply, analyse, evaluate or create something, going beyond simple knowledge; these higher-level processes are especially relevant to the later years of study, and to researchers and professional scientists. Sometimes the term ‘critical thinking’ may be used to describe them collectively. Your tutors will want to reward the deepest thinking appropriate for your level of study – this is often signified by the words they use in assessment tasks and marking criteria (column four, Table 3.1 and p. 64). While the link between these levels and assessment criteria is not an exact one, being aware of this relationship from the outset can help you to gain more from your studies, since you will understand better what is being asked of you.


Definitions

Cognition – the process of thinking; acquiring and using knowledge and understanding.

Metacognition – understanding how you think and how you apply thinking processes to your learning.



Understanding the learning process

In essence, to learn something is to be able to commit it to long-term memory, to be able to recall it and, through understanding, apply it when needed; this is true of something as simple as the assimilation of factual information in first-year classes, through to complex processes such as the application of the scientific method during a research project (Chapters 31 and 33). The human brain processes far more short-term information than it is able to store in long-term memory. Additionally, long-term memories are not fixed forever – the brain processes and reprocesses information, deleting some memories, amending others and laying down new ones. To maximise your learning, you need to be aware of what approach works best for you to receive and understand information so that it is retained in your long-term memory. Box 3.1 summarises some of the key outcomes of research into learning, highlighting how you might apply these findings in your studies.


Definition

Critical thinking – this term is often used to cover a combination of some of the higher levels of thinking, such as analysis, synthesis and judgement. This type of thinking is logical, cutting through complexity, using evidence to develop a clear position on a particular issue. It is particularly applied to the analysis of a problem and the presentation of a solution to it.




KEY POINTIt is important to realise that it is the process of analysing your own thinking and learning (metacognition) that is critical to increasing its effectiveness. The best way to analyse your learning is through self-evaluation (testing your ability to retain and use information).



Table 3.1A sequence of cognitive processes, moving from ‘shallower’ thought processes (top of table) to ‘deeper’ levels of thinking (bottom of table). This table is derived from research by Benjamin Bloom and colleagues (Bloom et al., 1956; Anderson et al., 2001). When considering the cue words in typical question instructions, bear in mind that the precise meaning will always depend on the context. For example, while ‘describe’ is often associated with relatively simple processes of recall, an instruction like ‘describe how the human brain works’ demands that you exhibit higher-level understanding. Note also that while a ‘cue word’ is often given at the start of a question/instruction, this is not universally so



	Thinking processes and description (in approximate order of increasing ‘depth’)
	Example in life sciences
	Example of typical question structure, with cue word highlighted
	Other cue words used in question instructions



	1. Remembering (knowing facts). If you know information, you can recall or recognise it. This does not always mean you understand it at a higher level.
	You might know the order of bases in a piece of DNA but not understand what this means.
	
Describe the main components of a biological membrane.
	
●define

●list

●state

●identify





	2. Understanding. To understand information means you can construct meaning from it.
	You might know the order of bases in a piece of DNA and understand that they code in triplets for specific amino acids.
	
Explain how membrane components are involved in the accumulation of solutes within living cells.
	
●contrast

●compare

●distinguish

●interpret





	3. Applying. To apply a fact means that you can put it to use in a particular context.
	You might be able to take the DNA base sequence and work out the amino acid sequence of the protein for which they code.
	Using the Nernst equation, and realistic values for the membrane potential and solute concentrations, demonstrate how Na+ ions must be actively transported out of the cells of marine organisms.
	
●calculate

●illustrate

●solve

●show





	4. Analysing. To analyse information means that you are able to break it down into parts and show how these components fit together.
	You might be able to construct a three-dimensional model of a protein derived from the base sequence.
	Drawing on information about membrane structure, defend the endosymbiotic theory of eukaryote evolution.
	
●compare

●explain

●consider

●infer





	5. Evaluating. If you evaluate information, you arrive at a judgement based on its importance relative to the topic being addressed.
	You might be able to comment on theories about how a protein has evolved, by considering the structure of related proteins and relating this to the taxonomic position of their source species.
	
Evaluate the relative importance of passive and active transport in the accumulation of heavy metal salts by the main groups of soil fungi.
	
●review

●assess

●consider

●justify





	6. Creating. To create or synthesise ideas, you need to be able to extract relevant facts from a body of knowledge and use these to address an issue in a novel way or create something new.

	You might be able to work out the function of a protein for which you know the sequence of bases, based on a comparison with other like proteins.
	
Devise an experiment to test the hypothesis that a specific membrane fraction contains a functional ATPase involved in glucose transport.
	
●design

●integrate

●test

●create






Your preferred approach to learning is simply the one that suits you best – for example, many students describe themselves as ‘visual learners’, making the most of diagrams and images. This fits with cognitive research that shows vision to be the dominant sense for most people. Others have their own preferences, such as summarising written material as bullet-point lists of ‘headline’ facts and concepts. For your part, you will need to be flexible in your approach, since different tasks will require different strategies. For example, many of the outputs assessed at university, such as exam answers, essays and reports, involve individual study and carefully crafted written answers, whereas practical skills are best learned through ‘hands-on’ activities – learning by doing.


Being adaptable in your learning – you should be prepared to adjust your study methods according to the topic, the learning environment and the approach of your lecturers (Box 3.2).



Learning effectively in different settings

While how you learn best depends on your personal characteristics, your approach may need to be modified to suit the different modes of teaching you encounter.


Being active in your learning – a common theme in all recommended approaches to effective learning is activity on the learner’s part. Thus, active note-making, or marking up a PowerPoint handout with your own hand-written comments and annotations during lectures, requires a greater level of engagement with the material than the more passive action of simply listening, or looking at your laptop screen. Studying with your peers, for example, by discussing concepts or debating issues with other students, involves a deeper degree of thinking than the surface thought processes involved in reading text. In both cases, you are likely to learn (understand and retain) more, as discussed in Box 6.3.



Learning from lectures

These are designed to impart knowledge and understanding efficiently on the part of the staff. The best lectures can stimulate interest and motivation, helping you to appreciating the ‘big picture’. They can also help to correct misunderstandings, for example, in question-and-answer sessions during or after the lecture. The most effective lectures go beyond dictation and fact-telling, challenging the audience to think more deeply about a particular topic. Therefore, passive listening to live presentations or recorded lectures and videos without taking notes is an ineffective approach to learning – you need to actively engage with the session by making your own notes as you watch and listen, forcing you to translate your understanding into written form and, thereby, beginning the process of remembering the material (for more details on note-making, see Chapter 4). To optimise your learning from lectures, you need to:

●Prepare beforehand by finding out what the topic will be, what the learning outcomes are, and doing some preliminary reading, and even some self-assessment (pretesting, Box 3.1).

●Arrive in good time, sitting where you can see and hear the lecturer, with the right materials for taking notes.

●Listen attentively, particularly when the lecturer is stating what he or she plans to cover; when they indicate that you are expected to write things down word-for-word; when a definition is being presented; when key facts are stated (often emphasised by repetition); and especially at the beginning, when key aspects may be emphasised, and at the end, when the take-home messages are usually covered.

●Create useful notes – these should not be a simple transcription of the lecturer’s words, but rather your personal summary of the key points that have been made (see Chapter 4). This is especially so where the material is provided to you as a PowerPoint or Word file (or equivalent) – you should optimise your learning by explaining and interpreting the material for yourself, thereby laying the foundations for remembering the content. Note that tactics such as highlighting and underlining of printed text have been shown to be ineffective as aids to learning – you need to actively engage with lecture material in whatever ways work best for you.


Box 3.1How to improve your memory and learning


Consider the following ideas:

●To learn effectively, you need to transfer information from short-term (working) memory to long-term memory. Studies show that this is best achieved in short, focussed sessions in an environment that is free from distractions (no multitasking!). Since we can maintain maximum focus for up to 20 minutes at a time, you may find it helpful to take several breaks for every hour of study. Self-assessment (see below) is one way of breaking up your learning periods into small blocks of time, with the added bonus that it will enhance your learning.

●Spacing out your learning is more effective than cramming into a single block of time. The ‘spacing effect’ describes the finding that more information is encoded into long-term memory when study is spaced out across several days, or longer. This has applications for scheduling your revision (p. 106) and other study periods; little and often is better than all-together. Rest and relaxation also helps to space out your study, enhancing your long-term memory and recall.

●Retrieval and reprocessing is essential to retaining information in your long-term memory. Hermann Ebbinghaus described the ‘forgetting curve’ in the late nineteenth century, showing that most of the information that is learned on a particular day is forgotten within the next day or so, decaying with a half-life of around 24 hours. Subsequent studies have shown that spaced retrieval (remembering) and review enables the information to be reprocessed and retained for longer, enhancing the consolidation of long-term memory (see Fig. 3.1). As a practical example, this means that you will learn more from retrieving and reviewing material a day or so after first reading than you will from passively re-reading written text. It is perhaps best summed up by the maxim: ‘repeat to remember – remember to repeat’.

●Exercise well to think well. Exercising will raise your heart rate, boosting the blood flow to all parts of your body, including your brain. Exercising increases alertness and attention and has a positive effect on mental health, enhancing motivation and reducing anxiety. Aim to schedule regular breaks – even a few minutes of exercise between study sessions can help you learn more effectively.

●Sleep well to think well. Sleep is necessary to process and encode your long-term memories. Conversely, lack of sleep impairs your attention, working memory, higher skills such as reasoning, and your physical dexterity. While you might occasionally work an ‘all-nighter’ to make a deadline, you would be better to plan ahead and schedule your time to make the most of your sleep.

●Self-assessment enhances learning. This is true whether you use an informal approach – for example, stopping after every section of a written article and trying to recall and jot down the main points – or a more formal approach, such as answering questions from past exam papers. You can also apply self-assessment before a period of learning (‘pretesting’). For example, before a lecture on a particular topic you might try to write down as much as you know about the subject. Doing this will ‘prime’ you to retain more of the novel information delivered in the lecture and may also highlight some aspects where you have misconceptions, enabling you to correct these in your long-term memory.

●Teaching a subject can be a useful approach. In order to explain something to someone else, you need to fully understand it yourself. For example, you could work with a ‘study buddy’, explaining concepts and ideas to each other – learning with and from your peers can be a valuable approach. Even without a partner, you can simply speak your explanations out loud – either to yourself, to your phone’s audio recorder or even to your family pet!

●Apply a scientific approach to your own learning, based on observation of what works for you and experimentation using different approaches, with evaluation based on self-testing and assessment results.
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Fig. 3.1A representative ‘forgetting and retrieval’ curve for memorisation, based on Kang et al. (2014). This graph shows the impact of spaced retrieval at 1, 3 and 9 days on subsequent recall. Note that the curve becomes less shallow, implying slower forgetting, with each iterative retrieval leading to enhanced retention in long-term memory.






Definition

Take-home message(s) – the main point or points that a presenter wishes you to remember from what they have said (perhaps a summary of facts or a set of conclusions) and usually emphasised at the end of a lecture, for example. If a lecture or seminar has been particularly detailed or complex, noting these messages will help you to make sense of it on revisiting/revising – and they may be closely related to what is eventually examined.



●Ask questions if you do not understand something. This might not be during the lecture, because uncertainties or misunderstandings may become apparent only when you go over your notes, read a textbook, or talk about the topic with a fellow student. However, it should be as soon as possible after your question comes to mind, with opportunities to enquire at tutorials, via email and online discussion boards, or at later lectures or meetings. Most lecturers welcome the opportunity to answer questions, as it enables them to correct misconceptions arising from their presentation.

●Above all, you should attend lectures, even if you feel their value may be limited in some cases – do not underestimate the way that looking, listening and thinking contribute to understanding and learning. Also, facts on the page rarely have the additional context or emphasis that a good lecture can provide.

Box 3.2 provides some tips for dealing with some of the different teaching styles of lecturers.

Learning from laboratory classes and field excursions

Practical work is an essential component of biology education, so that your understanding is grounded in real examples of specimens, habitats, equipment, processes and reactions. Within your degree programme, laboratory and field sessions will be used to stimulate your interest and support your learning, fulfilling a range of objectives, including:


Laying the foundations for learning – unless you are gifted with photographic recall, it is not easy to commit information to your memory unless you have a conceptual framework of understanding in which to ‘place’ it. This ‘bigger picture’ comes from reading, listening and thinking at an early stage in the process, by asking questions and discussing with others.



●applying relevant health and safety protocols (Chapter 20), including the use of appropriate personal protective equipment (Chapter 19)

●illustrating concepts and principles introduced in lectures and other taught classes

●allowing you to encounter at close hand examples of organisms, materials and equipment that will enhance your learning


Box 3.2How to accommodate the teaching styles of different lecturers


One challenging aspect of lectures is that no two staff members deliver them in the same way. This means you will need to adjust your listening and note-making approaches to suit. For example:

●It may be hard to extract facts and meaning from a lecturer who tells meandering stories or keeps the class amused with anecdotes. You must not lose focus when listening and you need to be alert when the key points are mentioned; use your textbooks to fill in any missing material when making up your notes later on.

●You may be distracted if the lecturer uses technology in a way that makes you think about the medium rather than the message. By all means enjoy the videos, images and electronic ‘bells and whistles’, but do remember to listen out for the underlying messages and focus your notes on these.

●It may be difficult to stay attentive if the lecturer’s delivery is quiet, monotonous or mumbled (or all three). Here, you will need to ensure that you sit where you can hear, and listen very carefully for key words and phrases, rather than changes in intonation, that might signal importance, or a change of emphasis. Do not be afraid to ask the lecturer to speak up if you cannot hear – most will welcome this feedback.

●You may find it difficult to abstract general principles if the lecturer provides great detail about a particular ‘pet’ topic or current research work. Moreover, the latter may be hard to follow if complex jargon and undefined acronyms are used. The remedy here may be to use the textbook before and after the delivery to create an overarching framework of understanding.





●developing manipulative skills in relevant laboratory/field techniques, as detailed throughout this book

●applying the principles of scientific method and experimental design, through observation and experimentation (Chapters 27 and 31)

●learning the skills involved in data collection, manipulation and analysis (Chapters 25, 74 and 75), including mathematical problem-solving (Chapter 78) and statistical analysis (Chapters 79 and 80)

●evaluating the validity and reliability of observations and results, including possible sources of error

●developing abilities in data presentation using tables (Chapter 76) and graphs (Chapter 77)

●encouraging active and collaborative learning (Chapter 3)

●learning how to design and manage a scientific project (Chapter 33).

You will maximise your learning in practical sessions by thorough preparation, as detailed in Chapter 19.


Learning by making use of all of your senses – while the main sense you will use in practicals and field excursions will be sight, on occasion other senses will be important, such as hearing, smelling and touch. Taste is unlikely to be used, for obvious health and safety reasons.



Succeeding in problem-based learning (PBL)

In this teaching method, you are presented with a ‘real-world’ problem or issue, often working within a team (Chapter 7). As you tackle the problem, you are expected to gain factual knowledge, develop skills and exercise critical thinking (Chapter 6). Because there is a direct and relevant context for your work, and because you have to employ active learning techniques, the knowledge and skills you gain are likely to be more readily remembered and then applied to other scenarios in the future. This approach also more closely mimics workplace practices. PBL usually proceeds as follows:

1.You are presented with a problem (for example, a case study, a hypothetical scenario, a topical issue).

2.You consider what issues and topics you need to research, by discussion with others if necessary. You may need to identify where relevant resources can be found (Chapter 5).

3.You then rank the issues and topics in importance, allocating tasks to group members, if appropriate.

4.You carry out the necessary research, for example, using methods described in Chapters 4 and 5

5.You review the information that has been obtained. As a result of your research, new issues may need to be explored and, where appropriate, allocated to group members for further study.

6.You produce the requested outcome, such as a report, diagnosis, seminar presentation or poster. An outline structure will be required, and for groups, further allocation of tasks to accomplish this end-point.

If asked to carry out PBL as part of your course, it is important to get off to a good start. At first, the problem may seem unfamiliar. However, once you become involved in the work, you will quickly gain confidence. If working as part of a group, make sure that your group meets as early as possible, that you attend all sessions and that you do the necessary background reading. When working in a team, a degree of self-awareness is necessary regarding your ‘natural’ role in group situations (Chapter 7). Various methods are used for grading PBL, and this may involve peer assessment (Chapter 9).

Learning from tutorials

These may fulfil a number of purposes, including:

●providing guidance, as part of an advising system

●reviewing and testing your understanding of material covered in lectures and lab classes

●introducing new material that is better taught in small groups

●developing and assessing writing, numerical and problem-solving skills through appropriate tasks

●promoting interactions among students and with the tutor.

The face-to-face discussions that can occur during tutorials are rarely possible in larger classes and they add value by enabling you to develop your views and understanding through an exchange of opinion and knowledge. Think of your tutor as a potential ally. For example, he or she may be able to explain things differently from the lecturer, thereby helping you to understand any concepts that you find difficult. Never feel embarrassed about asking questions – the tutor is there to help you learn and the chances are that if you find a subject tricky, so will the rest of the group. Your tutor may also have responsibilities beyond teaching, and may be able to help you with subject choices or non-academic issues.


Taking account of tutorial assessment – the tasks prepared for tutorials may be marked and in some cases your participation will be graded. Consult the course handbook to find out what proportion of the total mark derives from tutorials and what the marking criteria are. Ensure that you maximise the marks obtained from this source, as they may be relatively easy to achieve if you put in the necessary work.



To get the most from tutorials, you will need to prepare beforehand, for example, by:

●carrying out the recommended reading, or tackling the set problems

●submitting expected work in good time

●thinking about the issues involved in the subject matter

●preparing any questions you might have about the topic you have been asked to study

●reflecting on the potential relevance of the tutorial to your module and course.

Learning online and in blended models

Most courses now include elements of online learning (e-learning) within the curriculum, with distance learning programmes relying almost entirely on this mode of delivery. While online learning allows easy access to learning materials at a time and place of your choosing, it also assumes a level of personal discipline in your approach to study that requires organisation and effort on your part. Effective learning in this context requires the following:

●making regular and frequent visits to each module in your university’s online learning portal – log in every couple of days to your virtual learning environment (VLE), for example, Moodle, Sakai, Blackboard)

●allocating time to study – schedule a specific time and day for online learning sessions within your weekly timetable

●paying special attention to announcements, messages and emails – where appropriate, add these to your smartphone calendar

●participating in online discussions – this can be particularly useful for students who are studying in distance mode, providing them with opportunities to engage with others

●organising learning materials in digital form – for example, by creating lists of ‘live’ links to website addresses

●reading the advised materials – online or as printed texts

●make your own notes from online lectures and learning materials – simply downloading a file to your computer is not equivalent to actively engaging with the content of the file

●using active learning techniques – rather than passively reading and re-reading text (Chapter 9)

●observing staff-set timelines in study, assessment and submission of work

●creating personal milestones – in study, self-assessment and preparation of work.


Communicating online – email and discussion forums require appropriate ‘etiquette’. Always be polite, friendly without being over-familiar, and take care not to be abrupt or confrontational. If in doubt, do not send your message right away; reread later and consider how others might view what you say. A useful approach is only to send what you would be happy to hear being read out aloud to classmates.



Box 3.3 gives further advice on strategies to maximise online learning.


Box 3.3How to get to grips with online learning (e-learning)


Some key aspects of tackling online learning are outlined below.

1.Develop your IT skills, if required. While online learning requires only basic keyboard and Web skills, if you feel that these need strengthening, you should attend courses offered by your university.

2.Develop a routine and timetable for online learning. This should include regular engagement with learning materials in the VLE, and also a timeline for each assessment. Staff will often update information and present changes through the ‘announcements’ section of the VLE. They may post information about assessments and links for assessment submission. Most portals also have opportunities for peer-to-peer discussion.

3.Make the most of online lectures and video presentations. Since you are free to choose when and where to watch, you can optimise your learning by viewing at a time and in a location when you learn best. You can also replay a section that you found difficult to decipher or understand.

4.Participate. Effective online learning requires you to take an active approach.

–At the start of each new course, spend some time getting to know what is available online to support your learning. As well as learning resources, this may include crucial information, including learning outcomes (p. 64), dates of submission for coursework and assessment criteria.

–If you are able to download lecture notes (e.g. in the form of PowerPoint presentations), do not think that simply reading through these will be an adequate substitute for attending lectures and making further notes – you will need to use active learning techniques such as annotation (p. 18), recall and self-evaluation (Box 3.1) to maximise your learning.

–Get involved in discussion forums: ask questions; start new threads; answer points raised by others, if you can.

–Try to gain as much as you can from formative online assessments (p. 64). If these include feedback on your answers, make sure you learn from this and consult your tutors if you do not understand it.

–Learn from any descriptions that your lecturers provide of linked websites. These pointers may help you to evaluate such resources for yourself in the future (pp. 44–46).

–Help your lecturers by providing constructive feedback when they ask for it. You may find this easier to do online, rather than hurriedly filling out a feedback sheet at the end of a face-to-face class.

5.Organise your files and Web links. Take the time to create a meaningful system of folders and files for downloaded material in tandem with your own coursework files and set up folders on your Web browser for bookmarked websites. Always remember that you need to make at least one back-up copy of each important file, storing this well away from your working copy – ensure that the same accident cannot happen to both copies.

6.Take special care when submitting your coursework. Always check that you are sending the correct, up-to-date version and make sure you keep a back-up of any file you email or submit online. Follow instructions carefully, for example, regarding file type or how to use your portal’s ‘digital drop-box’.





Blended learning makes use of on-campus education – either in weekly sessions, or with block attendance – and online learning. While blended learning may provide greater control over the path and pace of some aspects of your learning, it will often require you to follow a particular sequence of face-to-face and online components, requiring organisation and self-discipline on your part. As an example, the so-called ‘flipped classroom’ model requires students to complete their ‘homework’ – typically watching video lectures or reading relevant text – in advance of face-to-face classes, which are then devoted to group-based collaboration, including problem solving, question-and-answer sessions and other peer-to-peer learning activities aimed at higher cognitive levels, such as analysis, evaluation and synthesis (Table 3.1). The flipped classroom can also provide enhanced opportunities to engage with feedback during on-campus teaching sessions.

Reflecting on your learning

Reflection can be described as the process where an individual evaluates an experience to arrive at a deeper understanding of the incident(s) and surrounding issues. The process is especially valuable as you make the transition from your past learning experiences to university learning, with its emphasis on self-guided study and its different assessment methods (Chapter 9). In particular, coming to terms with the higher levels of thinking required at university (Box 3.1) means that you may need to alter the approaches that you have taken in the past. Be prepared to change your learning methods if you find that they are unsuccessful or difficult to apply in particular circumstances.


KEY POINTThe only person who can judge the effectiveness of your learning at university is you. Only you will know how much effort you put into your studies and what you are therefore expecting, in terms of a mark or grade; only you will know how comfortable you feel with a particular approach to learning; and only you can respond to the feedback you have been given, in terms of how you should learn for future assessments.
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STUDY EXERCISES

3.1Review your approach to learning. Find a website that lists some tips for improving your learning (for example: https://www.lonsdaleinstitute.edu.au/blog/10-scientific-study-tips-improve-learning/). Read through the list and identify those that you already practice, plus one or two to try out for yourself. Use self-assessment (Box 3.1) to see if they work for you and incorporate any successful examples into your learning strategies.

3.2Review your note-making methods. How well suited are they to your needs? How well suited are they to the lecture styles of your academic staff? Have you captured the important points, or are you merely transcribing exactly what the lecturer says? Where lecturers use PowerPoint slides, are you listening for, and capturing in note form, the additional spoken points and examples that the lecturer is adding during the live presentation?

3.3Think about your thinking. Read through Table 3.1 and consider different thinking processes in relation to (a) feedback you have received from a previous assignment or (b) your next assignment and your intended approach to it. Does this reveal that your marks could be improved by thinking more deeply about the topic, or by capturing your thoughts more clearly in your writing?

Answers to these study exercises are available at www.pearsoned.co.uk/practicalskills






4Making the most of learning resources



You are likely to use a range of learning resources during your time at university. These include: lectures and presentations – either face-to-face or online; printed materials – including books and scientific papers; and Internet resources – either contained within your university’s virtual learning environment or within the broader Internet. This chapter aims to provide you with strategies to optimise your learning for each resource type.

Making the most of lectures and presentations

Creating your own notes is the most effective way to learn from lectures and presentations (Chapter 3). This is especially true in sessions where the handouts of presentation slides are made available (for example, PowerPoint slides). Simply reading through a handout as the lecture progresses is a superficial and ineffective approach, resulting in very little learning – also, if the slides mainly consist of headings or images, you may miss some of the key points being made. Tactics such as highlighting and underlining of printed text have been shown to be ineffective as approaches to learning – you need to actively engage with lecture material in whatever ways work best for you. For example, annotating the material with your own thoughts and ideas – either in handwritten form for printed copies, or on your laptop for digital files – leads to greater understanding and retention of material. However, a ‘slides handout’ can free you from the need to copy out large diagrams, and the basic text and images can provide a structure for the lecture that you can easily add to with your own notes. If you are not supplied with such handouts in advance, you may be able to print out the presentation beforehand, perhaps in the ‘3 slides per page’ format that allows space for notes alongside each slide (Fig. 4.1). Make time to scan through this before the lecture; then, during the presentation, focus on listening to what the lecturer has to say. Note down any extra details, points of emphasis and examples. After lectures, you can also add notes from supplementary reading, where appropriate.

[image: ]

Fig. 4.1An example of a printout from PowerPoint in ‘Handouts (3 slides per page)’ format, showing handwritten annotations (note-making).


KEY POINTGood performance in assignments and exams is built on effective learning and revision (Chapters 9, 17 and 18). However, both ultimately depend on the quality of the notes taken from lectures, texts and Internet resources.




Choosing note-making methods appropriately – the method you choose to make notes might depend on the subject; the lecturer and their style of delivery; and your own preferences.




Comparing lecture notes with a classmate – looking at your notes for the same lecture may reveal differences in approach, depth and detail that may prove mutually beneficial.



Making legible and meaningful lecture notes is essential if you are to make sense of them later. For handwritten notes, begin by noting the date, course, topic and lecturer on the first page of each day’s notes or handout. Number every page in case they get mixed up later. The most popular way of taking notes is to write in a linear sequence down the page, emphasising the underlying structure via outline headings, as in Fig. 11.3. However, the ‘pattern’ and ‘Mind Map’ methods (Figs 4.2 and 4.3) have their advocates: experiment, to see which method works best for you.

Making lecture notes with a laptop or tablet frees you from any issues with illegible handwriting. In addition, you are likely to be able to type faster than you can write, helping you to keep up-to-speed during a fast-paced lecture. On the other hand, typing notes tends to be a linear process – it can be more difficult to move backwards and forwards through your notes to make additional comments and amendments. Also, you need to avoid distractions (switch off the WiFi on your device so that you don’t receive alerts for emails, social media, etc.).

[image: ]

Fig. 4.2An example of ‘pattern’ notes, an alternative to the more commonly used ‘linear’ format. Note the similarity to the ‘spider diagram’ method of brainstorming ideas (Fig. 10.2).

[image: ]

Fig. 4.3Example of the ‘Mind Map’ approach to notetaking and ‘brainstorming’. Start at the centre with the overall topic title, adding branches and subbranches for themes and subsidiary topics. ‘Basic’ maps consist of a branched hierarchy overwritten with key words (e.g. shaded portion above). Connections should be indicated with arrows: numbering and abbreviations are encouraged. To aid recall and creativity, Buzan and Buzan (2009) recommend use of colour, different fonts, three-dimensional doodles and other forms of emphasis (e.g. non-shaded portion above).

Whatever technique you use, do not try to transcribe the lecturer’s words, except when an important definition or example is being given, or when the lecturer has made it clear that he/she is dictating. Listen first, then summarise in your own words – you need to make your own notes, not just take down the lecturer’s words. This is especially true when making notes using a laptop or tablet. Your goal should be to capture the structure and reasoning behind the lecturer’s approach in as few words and phrases as possible.


Printing presentation slides – use, for example, the ’Handouts’ format on PowerPoint with several slides per page (e.g. Fig. 4.1) to help your note-making. Use the ‘Black and White’ option on the Print menu to avoid wasting ink on printing coloured backgrounds. If you wish to use colour, remember that slides can be difficult to read if printed in small format. Always print a sample page before printing the whole lecture.



At this stage, follow the lecturer’s sequence of delivery. Use headings and leave plenty of space for later annotation, but do not worry too much about being too tidy – it is most important that you get down the appropriate information in a readable form.

Abbreviations can be useful to help you to save time when notetaking. As well as standard and well-known symbols (Box 4.1), you can also make up your own contractions relevant to the context. For example, if a lecturer is repeatedly mentioning photosynthesis, you might write ‘PS’ instead of the full term.

Make sure you note down any references to specific texts and take special care to ensure the accuracy of definitions and numerical examples. If the lecturer repeats or otherwise emphasises a point, highlight (for example, by underlining) or make a margin note of this – it could come in useful when revising. If there is something you do not understand, ask at the end of the lecture, or arrange to discuss the matter later if there is no time to deal with it then. Tutorials may provide an additional forum for discussing course topics.

As soon as possible after each lecture, work through your notes, tidying them up and adding detail where necessary. Add emphasis to any headings you have made, so that the structure is clearer. Use the left-hand margin to summarise, or to add key points. If you feel it would be more logical for your purposes, change the order. Compare your notes with material in a textbook and correct any inconsistencies. Make notes from, or photocopy, any useful material you see in textbooks, ready for revision.

Obtaining information from books and journal papers

As with lectures, you can optimise your learning from written resources through active note-making as you read, and many of the general points noted above apply equally to text-based material. There are a couple of supplementary approaches, depending on the purpose of your reading, as described below.

Scanning

Good reading skills are vital when making notes from written sources. When consulting a new source for specific information, the first thing you need to do is to orientate yourself by understanding the text’s scope and structure. This is often called ‘scanning’.

●For books, this might involve a quick inspection of the contents section, a check on how each chapter is constructed, and noting, for example, whether the book has a glossary that might be useful. Once you are familiar with the structure and layout, then you might either go directly to the appropriate chapter or section, or consult the index for specific aspects.

●For journal publications (scientific papers, etc.), the best idea is to read the Abstract before you consult specific text, figures or tables, as this should summarise the essential methods and findings. The paper’s layout thereafter will probably involve the same component sections (‘IMRaD’, p. 43), but occasionally in a journal-specific order. Referencing systems may also differ, depending on the journal’s style (see p. 37).


Adjusting to the different styles of your lecturers – recognise that different approaches to lecture delivery demand different approaches to notetaking. For example, if a lecturer seems to tell lots of anecdotes or spends much of the time on examples during a lecture, do not switch off – you still need to be listening carefully to recognise the important take-home messages. Similarly, if a lecture includes a section consisting mainly of images, you should still try to take notes – names of organisms, locations, key features, even quick sketches. These will help prompt your memory when revising. Do not be deterred by lecturers’ idiosyncrasies; in every case you still need to focus and take useful notes (see also Box 3.2).
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