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Preface 





‘…there is seen to be a need to re-emphasise the practical nature of the biosciences, through laboratory and fieldwork; and the need for significant levels of numeracy for a subject that is both complex and analytical. …there is an explicit understanding that the biosciences are practical subjects, and cannot be effectively delivered without significant and extensive learning, teaching and experience in a field and/or laboratory environment.’



Foreword, QAAHE Subject Benchmark Statement for Biosciences (QAAHE, 2007)






Practical work forms the cornerstone of scientific knowledge and understanding. Consequently, practical work is an important component of training in the biosciences and successful students must develop a number of skills, ranging from those required to observe, measure and record accurately to those associated with operating up-to-date analytical equipment, alongside broader skills involved in teamwork and effective study. In creating this edition, we have maintained the approach of the earlier versions, aiming to support students (and lecturers) in courses where cellular and molecular biosciences form a major component of the syllabus, e.g. biochemistry, bio-medical sciences, biotechnology, genetics, microbiology and molecular biology. As before, this support is provided in a concise but user-friendly manner, with key points and definitions, illustrations, worked examples, tips and hints, ‘how to’ boxes and checklists.


This new edition consolidates the changes made for the fourth edition, which included additional material covering bioethics, stable isotopes, photosynthesis and respiration, and aspects of microbiology, and also includes updated material on molecular genetics, with additional detail on DNA profiling, next-generation sequencing and other aspects. We have completely revised and updated the text references and sources for further study, and incorporated over 70 new tips, figures, tables and boxes. Throughout the book we have changed the guidance regarding Microsoft Office software to apply in a generic sense rather than to any specific version. This may mean that readers may need to adjust commands if these are not appropriate. Guidance on specific commands and their syntax can usually be found using the software’s help facility. Boxes giving details of approaches based on Office 2003 and Office 2007 that appeared in previous editions will be made available via the book’s online resource at www.pearsoned.co.uk/practicalskills. This website continues to host the answers to the study exercises as well as text references and sources for further study – with live web links where applicable.


We would like to take this opportunity to thank our wives and families for their continued support, and to recognise the following colleagues and friends who have provided assistance, comment and food for thought at various points during the production of all editions: James Abbott, Margaret Adamson, Chris Baldwin, Gary Black, Geoff Bosson, Eldridge Buultjens, Richard Campbell, Bob Cherry, Mirela Cuculescu, Steve Cummings, John Dean, Jackie Eager, Brian Eddy, Charmain Elder, Neil Fleming, Alan Grant, Howard Griffiths, Rod Herbert, Steve Hitchin, Helen Hooper, Jane Illes, Andy Johnston, Alan Jones, Ian Kill, Rhonda Knox, Lisa Lee-Jones, Phil Manning, Pete Maskrey, Fiona McKie-Bell, Steve Millam, Kirsty Millar, Stephen Moore, Rachel Morris, Lorna Moxham, Bob Newby, Fiona O’Donnell, John Raven, Steve Reed, Pete Rowell, David Sillars, Liz Smith, Peter Sprent, Bill Tomlinson, Ruth Valentine, Lorraine Walsh, Dave Wealleans, Mark White, Will Whitfield, lan Winship, Bob Young and Hilary-Kay Young. We would also like to thank the staff of Pearson Education for their friendly support over the years, and would wish to acknowledge Richelle Zakrzewski, Rufus Curnow, Pat Bond, Owen Knight, Simon Lake, Alex Seabrook and Pauline Gillett for their encouragement and commitment to the Practical Skills series. Our thanks are also extended to Louise Attwood, Gary Hall, Julie Jackson and Mary Lince for their excellent work during the preparation of the new edition. As with the previous editions, we would be grateful to hear of any errors you might notice, so that these can be put right at the earliest opportunity.
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For the Student 




This book aims to provide guidance and support over the broad range of your undergraduate course, including laboratory classes, project work, lectures, tutorials, seminars and examinations, as outlined below.





Chapters  1–8 Cover General Skills



These chapters include a number of transferable skills that you will develop during your course, for example: self-evaluation; time management; teamwork; preparing for exams; creating a CV. They also provide guidance on how to study effectively and how to approach examinations and other assessments.








Chapters  9–20 Deal with IT, Library Resources and Communication



These chapters will help you get the most out of the resources and information available in your library, and on the web, as well as providing helpful guidance on the use of software packages for data analysis, preparing assignments, essays and laboratory reports, alongside support in relation to oral, visual and written forms of communication. The ability to evaluate information is an increasingly important skill in contemporary society, and practical guidance is provided here, as well as more specific advice, e.g. on bioinformatics resources available via the Internet.








Chapters  21–68 Cover a Wide Range of Specific Practical Skills Required in Biomolecular Sciences



These chapters are based on the authors’ experience of the questions students often ask in practical classes, and the support that is needed in order to get the most out of particular exercises. The text includes tips, hints, definitions, worked examples and ‘how to’ boxes that set out the key procedures in a step-by-step manner, with appropriate comments on safe working practice. The material ranges from basic laboratory procedures, such as preparing solutions, through specimen collection, identification and manipulation to the more advanced practical procedures that you might use during a final-year project, e.g. radioisotope work and more advanced analytical methods.








Chapters  69–74 Explain Data Analysis and Presentation



This will be an important component of your course and you will find that these chapters guide you through the skills and techniques required, ranging from the presentation of results as graphs or tables through to the application of statistical tests. Worked examples are used to reinforce the numerical aspects wherever possible.







Study Exercises 



We added these following comments from students and staff at UK universities, who felt that they would provide a useful opportunity to practise some of the skills covered in the book and a check on the understanding of the material. We hope that the exercises will be useful both to learners and to their tutors: some of the exercises are based on material contained within the corresponding chapter, while others provide opportunities to develop understanding in a particular topic area beyond the basic materials. In general, the more straightforward exercises have been placed first, with more advanced problems at the end of each section.


Most of the exercises and problems assume that students are working on their own, using the information supplied; however, tutors might wish to provide alternative starting material (e.g. a set of data from a practical class). We have also assumed that students will have access to a scientific calculator and, sometimes, to a networked PC with typical ‘office’ programs (especially word processor and spreadsheet), plus Internet access via a modem and browser. Where a library is mentioned, this is assumed to include access to standard reference works and a selection of scientific journals.


We recommend that students work together for some exercises - this is a valuable means of learning and, where there is no single correct answer to a problem, teamwork provides a mechanism for checking and discussing different approaches. Answers are provided on the book’s website at www.pearsoned.co.uk/practicalskills. For numerical problems, the working out is shown with the final answer, while, for non-numerical exercises, ‘answers’ are provided in the form of tips, general guidance or illustrative examples, etc.


We hope that you will find this book and its companion website a helpful guide throughout your course, and beyond.
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1 The Importance of Transferable Skills





This chapter outlines the range of transferable skills and their significance to biomolecular scientists. It also indicates where practical skills fit into this scheme. Having a good understanding of this topic will help you place your university studies in a wider context. You will also gain an insight into the qualities that employers expect you to have developed by the time you graduate. Awareness of these matters will help when carrying out personal development planning (PDP) as part of your studies.


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






































The Range of Transferable Skills



Table 1.1 provides a comprehensive listing of university-level transferable skills under six skill categories. There are many possible classifications – and a different one may be used in your institution or field of study. Note particularly that ‘study skills’, while important, and rightly emphasised at the start of many courses, constitute only one area of skills acquired by most university students.


The phrase ‘Practical Skills’ in the title of this book indicates that there is a special subset of transferable skills related to work in the laboratory. However, although this text deals primarily with skills and techniques required for laboratory practicals and associated studies, a broader range of material is included. This is because the skills concerned are important, not only in the biosciences but also in the wider world. Examples include time management, evaluating information and communicating effectively.


Using course materials – study your course handbook and the schedules for each practical session to find out what skills you are expected to develop at each point in the curriculum. Usually the learning outcomes/objectives (p. 30) will outline the skills involved.







Key Point 



Biomolecular sciences are essentially practical subjects, and therefore involve highly developed laboratory skills. The importance that your lecturers place on practical skills will probably be evident from the large proportion of curriculum time you will spend on practical work in your course.





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 protocols and why it includes background information, tips and worked examples, as well as study exercises to test your understanding.




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.











Transferability of Skills






Table  1.1




Transferable skills identified as important in the biosciences. The list is based on several sources, including the most recent UK Quality Assurance Agency for Higher Education Subject Benchmark Statement for the Biosciences and for Biomedical Sciences (QAA, 2007). Particularly relevant chapters are shown for the skills covered by this book (numbers in bold coloured text indicate a deeper, or more extensive, treatment).









	Skill category

	Examples of skills and competences

	Relevant chapters in this textbook










	Generic skills for bioscientists

	Having an appreciation of the complexity and diversity of life and life processes

	
12, 30, 35–40, 56–59







	

	Reading and evaluating biological literature with a full and critical understanding

	
4, 9, 10







	

	Capacity to communicate a clear and accurate account of a biological topic, both verbally and in writing

	15, 16, 17, 18–20






	

	Applying critical and analytical skills to evaluate evidence regarding theories and hypotheses

	
10, 32







	

	Using a variety of methods for studying the biosciences

	
35–68







	

	Having the ability to think independently, set personal tasks and solve problems

	
32, 34, 72







	Intellectual skills

	Recognising and applying biological theories, concepts and principles

	
10, 32







	

	Analysing, synthesising and summarising information critically

	
10, 20, 70–74







	

	Obtaining evidence to formulate and test hypotheses; applying knowledge to address familiar and unfamiliar problems

	
30–34, 74







	

	Recognising and explaining moral, ethical and legal issues in biological research

	
22, 23, 35, 36, 40







	Experimental (practical) and observational skills

	

Carrying out basic laboratory techniques and understanding the principles that underlie them


Working in the laboratory safely, responsibly and legally, with due attention to ethical aspects


Designing, planning, conducting and reporting on biological investigations and data arising from them


Obtaining, recording, collating and analysing biological data


Carrying out basic techniques relevant to core subjects in biomedical science (biochemistry, molecular genetics, immunology, microbiology)




	

21, 22–31, 42–47, 55, 64


21, 23, 34–41


15, 16, 19, 32, 34


30–34, 42–54, 69–74


21–29, 30–41, 42–54, 64–68









	Numeracy, communication and IT skills

	Understanding and using data in several forms (e.g. numerical, textual, verbal and graphical)

	
4, 10, 70–74







	Communicating in written, verbal, graphical and visual forms

	
15, 16, 17, 18–20, 70, 71, 72







	

	Citing and referencing the work of others in an appropriate manner

	
9, 10, 20







	

	Obtaining data, including the concepts behind sampling and sampling errors, calibration and types of error

	
29, 30–34, 42, 72–74







	

	Processing, interpreting and presenting data, and applying appropriate statistical methods for summarising and analysing data

	
12, 70–72, 73, 74







	

	Solving problems with calculators and computers, including the use of tools such as spreadsheets

	
11, 12, 13, 21, 72







	

	Using computer technology to communicate and as a source of biological information

	
11, 12, 13, 14







	Interpersonal and teamwork skills

	Working individually or in teams as appropriate; identifying individual and group goals and acting responsibly and appropriately to achieve them

	3






	

	Recognising and respecting the views and opinions of others

	3






	

	Evaluating your own performance and that of others

	
3, 8







	

	Appreciating the interdisciplinary nature of contemporary biosciences

	
1, 20







	Self-management and professional development skills

	

Working independently, managing time and organising activities


Identifying and working towards targets for personal, academic and career development


Developing an adaptable and effective approach to study and work (including revision and exam technique)




	

2, 32, 34


1, 8


2, 4, 5, 6, 7


















‘Transferability’ implies 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 13), 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 graph drawing and tabulation (Chapters 70 and  71), perhaps practised by hand in earlier work, might help you use spreadsheet commands to make the output suit your needs.


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 (Chapters 24– 27), deciding about numbers of replicates and experimental layout (Chapters 32 and  34) and perhaps carrying out some particular method of observation, measurement or analysis (Chapters 42– 68). How and when might you transfer this complex set of skills? In the workplace, it is unlikely that you would be asked to repeat 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.


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 (see Chapter 7).











Personal Development Planning



Many universities have schemes for personal development planning (PDP), which may go under slightly different names such as progress file or professional development plan. You will usually be expected to create a portfolio of evidence on your progress, then reflect on this, and subsequently set yourself plans for the future, including targets and action points. Analysis of your transferable skills profile will probably form part of your PDP (Box 1.1). Other aspects commonly included are:


Types of PDP portfolio and their benefits – some PDP schemes are centred on academic and learning skills, while others are more focused on career planning. Some are carried out independently and others in tandem with a personal tutor or advisory system. Some PDP schemes involve creating an online portfolio, while others are primarily paper-based. Each method has specific goals and advantages, but whichever way your scheme operates, maximum benefit will be gained from being fully involved with the process.







	your aspirations, goals, interests and motivations;



	your learning style or preference (see p. 25);



	your assessment transcript or academic profile information (e.g. record of grades in your modules);



	your developing CV (see p. 45).






Taking part in PDP can help you to focus your thoughts about your university studies and future career. This is important, as many biosciences degrees do not lead only to a single, specific occupation. The PDP process will introduce you to some new terms and will help you to describe your personality and abilities. This will be useful when constructing your CV and when applying for jobs.




Definition 



Employability – the ‘combination of in-depth subject knowledge, work awareness, subject-specific, generic and career management skills, and personal attributes and attitudes that enable a student to secure suitable employment and perform excellently throughout a career spanning a range of employers and occupations.’ (Anon, 2015: Higher Education Academy Centre for Bioscience definition of employability for bioscientists)











Graduate Attributes and Employability



The skills emphasised in biology courses (Table 1.1) 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 notions is important for every student, as this not only leads to a better understanding of the value of certain activities and assessments, but also





Box  1.1 How to Carry out a Personal Skills Audit





	Create a list of appropriate skills. As noted on p. 3, there are many systems for categorising skills. If your university publishes a specific skill set, e.g. as part of its framework for personal development planning (PDP) or graduate attributes, then you should use that. If not, you could adapt the listing in Table 1.2 or consult a text such as McMillan and Weyers (2012). Your list should relate to you personally, your intended career and any specific skills associated with your intended qualification.



	Lay out your list in table format. You will need to create a table using a word processor or spreadsheet program. Your table should have four columns, as shown in Table 1.2.



	Rate your skills. This may be challenging for many students as it is difficult to be objective and tough to gauge employer expectations. A confident student may rate a certain skill strongly, whereas a self-critical person may consider the same level of skill to be deficient. However, this does not matter too much as you will effectively be comparing yourself at different stages in your learning, rather than judging yourself against an outside standard. The suggested method is to use a scale of 1 to 10, with low values indicating that the skill ‘needs lots of development’ and high values indicating that, for the time being, you feel that your competence is ‘well above average’.



	Note actions. This especially applies to skills with low scores in the previous column – and you may wish to prioritise certain ones. You will need to think about ways in which you could improve, and this may require some research on your part. Is there a book you could read? Is there a training workshop you could attend? Could an extracurricular activity help you to develop? Should you sign up to speak to a skills advisor? It is important that you recognise that the solution to any deficiencies you perceive lies in your own hands. At university, no one will do the work for you.



	Add comments and progress notes. Here is where you can add any comments to amplify or assist with the action points. The addition of progress notes implies that you will revisit the list from time to time. If your university PDP system allows you to add the list to a portfolio, then do this.






Inevitably, your skills audit will become out of date after a period. It will still be useful, however, to look back at it so that you can see how you have progressed. This will give a sense of achievement and self-awareness that could be valuable when speaking to academic tutors, careers advisors and potential employers. You may wish to set up a new list at intervals, perhaps at the start of each academic year.





Table  1.2




One possible way of creating a personal skills audit. The second row provides guidance about the content of each column. The third row provides an example of possible content.









	Skill

	Rating at [date] with notes

	Proposed actions

	Comments and notes on progress










	You should be quite specific. It may be a good idea to subdivide complex skills such as ’communication’

	Provide a realistic evaluation of your competence in the skill at a specific point in time

	This column will note what you intend to do to try to improve the skill. You might tick these off as completed

	This column will summarise your progress. You may wish to add a revised rating






	Giving spoken presentations

	

4/10


[3 March 2011]


wasn’t satisfied with presentation to tutorial group – nervous, a Little disorganised and ppt too ’wordy’




	

	Read Ch 14 in Practical Skills in Biology ✓



	Learn how to use advanced features of PowerPoint ✓



	Ask more questions in tutorials ✓






	Gave second presentation to tutorial group; went well, although quite nervous at start. Slides much better. Make sure not to rush the introduction next time. 7/10


















provides a specialised vocabulary and gives insights about personal and career development.


At the end of your course, which may seem 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. Instead, 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 Point 



Factual knowledge is important in degrees with a strong vocational element, but understanding how to find and evaluate information is usually 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.
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Study Exercises 






	1.1 Evaluate your skills. Examine the list of skill topics shown in Table 1.1 (p. 4). Now create a new table with two columns, like the one shown opposite. The first half of this table should indicate five skills you feel confident about and show where you demonstrated the skill (for example, ‘working in a team’ and ‘in a first-year group project in molecular biology’). The second half of the table should show five skills you do not feel confident about, or that you recognise need development (e.g. ‘communicating in verbal form’). List these and then list ways in which you think the course material and activities in your current modules will provide opportunities to develop these skills, or what activities you might take to improve them (e.g. ‘forming a study group with colleagues’).




	
1.2 Find skills resources. For at least one of the skills in the second half of Table 1.1, check your university’s library database to see if there are any texts on that subject. Alternatively, carry out a search for relevant websites (there are many); decide which are useful and bookmark them for future use (Chapter 11).









	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.

	











	1.3 Analyse your goals and aspirations. Spend a little time thinking about 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.










2 Managing Your Time





One of the most important activities that you can do is to organise your personal and working time effectively. There is a lot to do at university and a common complaint is that there isn’t enough time to accomplish everything. In fact, research shows that most people use up a lot of their time without realising it through ineffective study or activities such as extended coffee breaks. Developing your time management skills will help you achieve more in work, rest and play, but it is important to remember that putting time management techniques into practice is an individual matter, requiring a level of self-discipline not unlike that required for dieting. A new system won’t always work perfectly straight away, but through time you can develop a system that is effective for you. An inability to organise your time effectively, of course, results in feelings of failure, frustration, guilt and being out of control in your life.




Definition 



Time management – a system for controlling and using time as efficiently and as effectively as possible.




































Setting Your Goals



The first step is to identify clearly what you want to achieve, both in work and in your personal life. We all have a general idea of what we are aiming for, but to be effective, your goals must be clearly identified and priorities allocated. Clear, concise objectives can provide you with a framework in which to make these choices. Try using the ‘SMART’ approach, in which objectives should be:




Example



The objective ‘to spend an extra hour each week on directed study in microbiology next term’ fulfils the SMART criteria, in contrast to a general intention ’to study more’.







	Specific – clear and unambiguous, including what, when, where, how and why.



	Measurable – having quantified targets and benefits to provide an understanding of progress.



	Achievable – being attainable within your resources.



	Realistic – being within your abilities and expectations.



	Timed – stating the time period for completion.






Having identified your goals, you can now move on to answer four very important questions:




	Where does your time go?



	Where should your time go?



	What are your time-wasting activities?



	
What strategies can help you?


Advantages of time management – these include:




	a feeling of much greater control over your activities;



	avoidance of stress;



	improved productivity – achieve more in a shorter period;



	improved performance – work to higher standards because you are in charge;



	increase in time available for nonwork matters – work hard, but play hard too.




















Analysing Your Current Activities



The key to successful development of time management is a realistic knowledge of how you currently spend your time. Start by keeping a detailed time log for a typical week (Fig. 2.1), but you will need to be truthful in this process. Once you have completed the log, consider the following questions:




	How many hours do I work in total and how many hours do I use for relaxation?



	What range of activities do I do?








[image: ]


Fig.  2.1




Example of how to lay out a time log. Write activities along the top of the page, and divide the day into 15-min segments as shown. Think beforehand how you will categorise the different things you do, from the mundane (laundry, having a shower, drinking coffee, etc.) to the well-timetabled (tutorial meeting, sports club meeting) and add supplementary notes if required. At the end of each day, place a dot in the relevant column for each activity and sum the dots to give a total at the bottom of the page. You will need to keep a diary like this for at least a week before you see patterns emerging.









	How long do I spend on each activity?



	What do I spend most of my time doing?



	What do I spend the least amount of my time doing?



	Are my allocations of time in proportion to the importance of my activities?



	How much of my time is ineffectively used, e.g. for unplanned socialising or interruptions?






If you wish, you could use a spreadsheet (Chapter 13) to produce graphical summaries of time allocations in different categories as an aid to analysis and management. Divide your time into:




	Committed time – timetabled activities involving your main objectives/ goals.



	Maintenance time – time spent supporting your general life activities (shopping, cleaning, laundry, etc.).



	
Discretionary time – time for you to use as you wish, e.g. recreation, sport, hobbies, socialising.


Quality in time management – avoid spending a lot of time doing unproductive studying, e.g. reading a textbook without specific objectives for that reading. Make sure you test your recall of the material, if you are working towards an examination (p. 30).
















Avoiding Time-Wasting Activities



Look carefully at those tasks that could be identified as time-wasting activities. They include gossiping, over-long breaks, uninvited interruptions and even ineffective study periods. Try to reduce these to a minimum, but do not count on eliminating them entirely. Remember also that some relaxation should be programmed into your daily schedule.


Being assertive – if friends and colleagues continually interrupt you, find a way of controlling them before they control you. Indicate clearly on your door that you do not wish to be disturbed and explain why. Otherwise, try to work away from disturbance.











Organising Your Tasks



Having analysed your time usage, you can now use this information, together with your objectives and prioritised goals, to organise your activities, both on a short-term and a long-term basis. Consider using a diary-based system (such as those produced by Filofax, TMI and Day-Timer) that will help you plan ahead and analyse your progress.




[image: ]


Fig.  2.2




A weekly diary with examples 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 assessed work is to be produced or during revision for exams. Study time (including attendance at lectures, practicals and tutorials) thus represents between 42 and 50% of the total time.







Divide your tasks into several categories, such as:




	Urgent – must be done as a top priority and at short notice (e.g. doctor’s appointment).



	Routine – predictable and regular and therefore easily scheduled (e.g. attending lectures or playing sport).



	One-off activities – usually with rather shorter deadlines and which may be of high priority (e.g. a tutorial assignment or seeking advice on a specific issue).



	
Long-term tasks – sometimes referred to as ‘elephant tasks’ that are too large to ‘eat’ in one go (e.g. learning a language). These are best managed by scheduling frequent small ‘bites’ to achieve the task over a longer timescale.


Use checklists as often as possible – post your lists in places where they are easily and frequently visible, such as in front of your desk. Ticking things off as they are completed gives you a feeling of accomplishment and progress, increasing motivation.





Matching your work to your body’s rhythm – everyone has times of day when they feel more alert and able to work. Decide when these times are for you and programme your work accordingly. Plan relaxation events for periods when you tend to be less alert.










You should make a weekly plan (Fig. 2.2) for the routine activities, with gaps for less predictable tasks. This should be supplemented by individual daily checklists, preferably written at the end of the previous working day. Such plans and checklists should be flexible, forming the basis for most of your activities except when exceptional circumstances intervene. The planning must be kept brief, however, and should be scheduled into your activities. Box 2.1 provides tips for effective time management during your studies.




Key Point 



Review each day’s plan at the end of the previous day, making such modifications as are required by circumstances, e.g. adding an uncompleted task from the previous day or a new and urgent task.








Box  2.1 Tips for Effective Planning and Working





	Set guidelines and review expectations regularly.



	Don’t procrastinate: don’t keep putting off doing things you know are important – they will not go away but they will increase to crisis point.



	Don’t be a perfectionist – perfection is paralysing.



	Learn from past experience – review your management system regularly.



	Don’t set yourself unrealistic goals and objectives – this will lead to procrastination and feelings of failure.



	Avoid recurring crises – they are telling you that something is not working properly and needs to be changed.



	Learn to concentrate effectively – do not let yourself be distracted by casual interruptions.



	Learn to say ’no’ firmly but graciously when appropriate.



	Know your own body rhythms: e.g. are you a morning person or an evening person?



	Learn to recognise the benefits of rest and relaxation at appropriate times.



	Take short but complete breaks from your tasks – come back feeling refreshed in mind and body.



	Work in suitable study areas – keep your own workspace organised.



	Avoid clutter (physical and mental).



	Learn to access and use information effectively (Chapter 10).



	Learn to read and write accurately and quickly (Chapters 4 and  17).
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Anon. Day-Timer. Available: http://www.daytimer.co.uk Last accessed 01/09/15.


[Website for products of Day-Timer Europe Ltd, Fairfax Road, Newton Abbot, TQ12 6UD, UK.]
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Anon. Study Guides and Strategies. Available: http://www.studygs.net/timman.htm Last accessed 01/09/15.


[Website guides to time management and other study skills for students.]




	Evans, C. (2008) Time Management for Dummies, UK edn. Wiley, Chichester.












Study Exercises 





	2.1 Evaluate 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.




	2.2 List 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.




	2.3 Plan 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’).







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










3 Working with Others





It is highly likely that you will be expected to work with fellow students during practicals, tutorials and group study exercises. This might take the form of sharing tasks or casual collaboration through discussion, or it might be formally directed teamwork such as problem-based learning (Box 7.1) or preparing a poster (Chapter 15). Interacting with others in this way can be extremely rewarding and realistically represents the professional world, where teamworking is common. The advantages of such collaborative work with others include:




Definitions 



Team – a team is not simply a group of people with job titles, but a congregation of individuals, each of whom has a role within a shared task which is understood by other members. Members of a team may seek out certain roles and they may perform most effectively in the ones that are most natural to them.


Team role – a tendency to behave, contribute and interrelate with others in a particular way.


(both after Belbin, 2010)







	Synergistic interactions – teamwork often results in better ideas, produced by the interchange of views, and better output, due to the complementary skills of team members.



	Support provided to individuals by other members of the team.



	Enhanced levels of personal commitment.



	Sharing of responsibilities for complex or difficult tasks.






However, some people approach teamwork with negative feelings. Reasons for this include:




	Initial reservations about working with strangers – not knowing whether you will be able to form a friendly and productive relationship.



	Lack of personal commitment to the specified task – perhaps due to unfamiliarity or perceived dislike concerning the topic.



	Apprehension that others may not do their share of the work – especially if you hope to do well in the course.



	Lack of previous experience – worries about the kinds of personal interactions likely to occur and the team role likely to suit you best.



	Concerns about the outcomes of peer assessment – in particular, whether others will give you a fair mark for your efforts.






Peer assessment – this term applies to marking schemes in which all or a proportion of the marks for a teamwork exercise are allocated by the team members themselves. Read the instructions carefully before embarking on the exercise, so you know which aspects of your work your fellow team members will be assessing. When deciding what marks to allocate yourself, try to be as fair as possible with your marking.





In most cases, these feelings can be transformed through positive participation and a common desire to perform well, so that the team as a whole achieves its target.







































Teamwork Skills



Some of the key skills you will need to develop to maximise the success of your teamworking activities include:


Gaining confidence through experience – the more you take part in teamwork, the more you know how teams operate and how to make teamwork effective for you.







	Interpersonal skills. These include the way in which you react to new people, how you listen to and communicate with others, and how you deal with conflicts and disagreements.



	Delegation and sharing of tasks. This implies that you are willing to share effort and responsibility, are willing to trust your fellow team members, and have mechanisms to deal with unexpected outcomes or even failure to contribute.



	Effective listening. This involves giving others the opportunity and time to express their views and to take these seriously, however expressed.



	Speaking clearly and concisely. Effective communication is a vital part of teamwork, not only between team members, but also when presenting team outcomes to others (see Chapter 16).



	Providing constructive criticism. It is all too easy to be negative but only constructive criticism will have a positive effect on interactions with others.












The Dynamics of Teamworking



It is important that team activities are properly structured so that each member knows what is expected of them. Allocation of responsibilities usually requires the clear identification of a leader. Several studies of groups have identified different team roles that derive from differences in personality. You should be aware of such categorisations, both in terms of your own predispositions and those of your fellow team members, as it will help the group to interact more productively. Belbin (2010) identified eight such roles, recently extended to nine, as shown in Table 3.1. Several of the categories shown in Table 3.1 are suitable for a leader, including ‘coordinator’ and ‘shaper’.


Web-based resources and support for brainstorming – websites such as http://www.belbin.com give further information and practical advice for teamworking.





In formal team situations, your course organiser may deal with these issues; even if they do not, it is important that you are aware of these roles and their potential impact on the success or failure of teamwork. You should try to identify your own ‘natural’ role.


If asked to form a team, bear these different roles in mind during your selection of colleagues and your interactions with them. The ideal team





Table  3.1




A summary of the team roles described by Belbin (2010). A good team requires members who are able to undertake appropriate roles at different times. Each role provides important strengths to a team, and its compensatory weaknesses should be accepted within the group framework.









	Team role

	Personality characteristics

	Typical function in a team

	Strengths

	Allowable weaknesses










	Coordinator

	Self-confident, calm and controlled

	Leading: causing others to work towards shared goals

	Good at spotting others’ talents and delegating activities

	Often less creative or intellectual than others in the group






	Shaper

	Strong need for achievement; outgoing; dynamic; highly strung

	Leading: generating action within team; imposing shape and pattern to work

	Providing drive and realism to group activities

	Can be headstrong, emotional and less patient than others






	Innovator

	Individualistic, serious-minded; often unorthodox

	Generating action; imposing shape and pattern to work activities

	Creative, innovative and knowledgeable

	Tendency to work in isolation; ideas may not always be practical






	Monitor–evaluator

	Sober, unemotional and prudent

	Analysing problems and evaluating ideas

	Shrewd judgement

	May work slowly; not usually a good motivator






	Implementer

	Well-organised and self-disciplined, with practical common sense

	Doing what needs to be done

	Organising abilities and common sense

	Lack of flexibility and tendency to resist new ideas






	Teamworker

	Sociable, mild and sensitive

	Being supportive, perceptive and diplomatic; keeping the team going

	Good listener; reliable and flexible; promotes team spirit

	Not comfortable when leading; may be indecisive






	Resource investigator

	Extrovert, enthusiastic, curious and communicative

	Exploiting opportunities; finding resources; external relations

	Quick thinking; good at developing others’ ideas

	May lose interest rapidly






	Completer–finisher

	Introvert and anxious; painstaking, orderly and conscientious

	Ensuring completion of activity to high standard

	Good focus on fulfilling objectives and goals

	Obsessive about details; may wish to do all the work to control quality






	Specialist

	Professional, self-motivated and dedicated

	Providing essential skills

	Commitment and technical knowledge

	Contribute on a narrow aspect of project; tend to be single-minded















should contain members capable of adopting most of these roles. However, you should also note the following points:




	People will probably best fit one of these roles naturally as a function of their personality and skills.



	Group members may be suited to more than one role.



	In some circumstances, team members may be required to adapt and take a different role from the one that they feel suits them.



	No one role is ‘better’ than any other. For good teamwork, the group should have a balance of personality types present.



	
People may have to adopt multiple roles, especially if the team size is small.


Recording group discussions – make sure you structure meetings (including writing agendas) and note their outcomes (taking minutes and noting action points).







Key Point 



In formal teamwork situations, be clear as to how individual contributions are to be identified and recognised. This might require discussion with the course organiser. Make sure that recognition, including assessment, is truly reflective of effort. Failure to ensure that this is the case can lead to disputes and feelings of unfairness.
















Your Lab Partner(s)



Many laboratory sessions in the life sciences involve working in pairs or small groups. In some cases, you may work with the same partner(s) for a series of practicals or for a complete module. The relationship you develop as a team is important to your progress, and can enhance your understanding of the material and the grades you obtain. Tips for building a constructive partnership include:


Making the most of lab partnerships – make sure that you share the different practical tasks across all members of your lab group, otherwise some will miss out on the opportunities afforded by practical classes. This is particularly important in subjects involving a practical exam at the end of term.







	Introduce yourselves at the first session and take a continuing interest in each other’s interests and progress at university.



	At appropriate points, discuss the practical (both theory and tasks) and your understanding of what is expected of you.



	Work jointly to complete the practical effectively, avoiding the situation where either partner dominates the activities and gains most from the practical experience.



	Share tasks according to your strengths, but do this in such a way that one partner can learn new skills and knowledge from the other.



	Make sure you ask questions of each other and communicate any doubts about what you have to do.



	Discuss other aspects of your course, e.g. by comparing notes from lectures or ideas about in-course assessments.



	Consider meeting up outside the practical sessions to study, revise and discuss exams.












Tutorial Groups



Tutorials are a group learning environment. Discussions in tutorials can help you to develop your ideas by observing others’ approaches, views and ideas and assimilating the facts and concepts that they introduce (see p. 27). This depends on all present participating fully and enthusiastically, while at the same time respecting the right of others to make a contribution and express their opinions.


Making the most of tutorials – most tutorials require preparation in advance of each session: this can include pre-tutorial reading(s), literature-based research and/or the completion of specific tutorial ‘questions’ (see also p. 27).





If you feel you need to team up with someone for study, but lack a suitable ‘study buddy’, then remember that your fellow tutees might be feeling the same. Tutorial meetings are therefore chances to set up further informal meetings for study or exam revision, as discussed below.








Collaboration for Learning



Much collaboration is informal and consists of pairs or groups of individuals getting together to exchange materials and ideas while studying. It may consist of a ‘brainstorming’ session for a topic or piece of work, or sharing efforts to research a topic. This has much to commend it and is generally encouraged. However, it is vital that this collaborative learning is distinguished from the collaborative writing of individually assessed documents: the latter is not usually acceptable and, in its most extreme form, is plagiarism, usually with a heavy potential punishment in university assessment systems. Make sure you know what plagiarism is, what unacceptable collaboration is (p. 59), and how they are treated within your institution.


Studying with others – teaming up with someone else on your course for revision (a ‘study buddy’) is a potentially valuable activity and may especially suit some types of learners (p. 25). It can help keep your morale high when things get tough. You might consider:




	sharing notes, textbooks and other information;



	going through past papers together, dissecting the questions and planning answers;



	talking to each other about a topic (good for aural learners; Box 5.1);



	giving tutorials to each other about parts of the course that have not been fully grasped.











Key Point 



Collaboration is inappropriate during the final phase of an assessed piece of work unless you have been directed to produce a group report. Collaboration is encouraged during research and learning activities but the final write-up must normally be your own work. The extreme of producing copycat write-ups is regarded as plagiarism (p. 59) and will be punished accordingly.











Text Reference 





	Belbin, R.M. (2010) Team Roles at Work, 2nd edn. Butterworth–Heinemann, Oxford.












Source for Further Study 





	Belbin, R.M. Belbin® Team Roles. Available: http://www.belbin.com/ Last accessed 01/09/15.












Study Exercises 





	3.1 Evaluate your ‘natural’ team role(s). Using Table 3.1 as a source, decide which team role best fits your personality.




	3.2 Keep a journal during a group activity. Record your feelings and observations about experiences of working with other students. After the event, review the journal, then draw up a strategy for developing aspects where you feel you might have done better.




	3.3 Reflect upon your teamwork abilities. Draw up a list of your reactions to previous efforts at collaboration or teamwork and analyse your strengths and weaknesses. How could these interactions have been improved or supported more effectively?







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










4 Taking Notes from Lectures and Texts





Note-taking is an essential skill that you will require in many different situations, such as:




	listening to staff in lectures, seminars and practical classes;



	attending meetings and tutorials;



	reading texts and research papers;



	
finding information on the web.


Choose note-taking methods appropriately – the method you choose to take notes might depend on the subject; the lecturer and their style of delivery; and your own preference.





Compare lecture notes with a colleague – looking at different sets of notes for the same lecture may reveal interesting differences in approach, depth and detail.







Key Point 



Good performance in assessments and exams is built on effective learning and revision (Chapters 5,  6 and  7). However, both ultimately depend on the quality of your notes.





































Taking Notes from Lectures



Taking legible and meaningful lecture notes is essential if you are to make sense of them later, but many students find it difficult when starting their university studies. Begin by noting the date, course, topic and lecturer on the first page of each day’s notes. 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 using headings, as in Fig. 17.3. However, the ‘pattern’ and ‘Mind Map’ methods (Figs 4.1 and  4.2) have their advocates: experiment, to see which you prefer.


Whatever technique you use, don’t try to take down all of 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 write. Your goal should be to take down the structure and reasoning behind the lecturer’s approach in as few words and phrases as possible. At this stage, follow the lecturer’s sequence of delivery. Use headings and leave plenty of space, but don’t worry too much about being tidy – it is more important that you get down the appropriate information in a readable form. Use abbreviations to save time. Recognise that you may need to alter your note-taking technique to suit different lecturers’ styles.


Adjusting to the styles of your lecturers – recognise that different approaches to lecture delivery demand different approaches to note-taking. For example, if a lecturer seems to tell lots of anecdotes or spend 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 Box 5.2).







[image: ]


Fig.  4.1




An 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. 17.2).









[image: ]


Fig.  4.2




Example of the ‘Mind Map’ approach to note-taking and ‘brainstorming’. Start at the centre with the overall topic title, adding branches and sub-branches 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, 3-dimensional doodles and other forms of emphasis (e.g. non-shaded portion, above).







Make sure you note down references to books and take special care to ensure accuracy of definitions and numerical examples. If the lecturer repeats or otherwise emphasises a point, highlight (e.g. by underlining) or make a margin note of this – it could come in useful when revising. If there is something you don’t understand, ask at the end of the lecture, or make an appointment to discuss the matter if there isn’t time to deal with it then. Tutorials may provide an additional forum for discussing course topics.




Example



Commonly used abbreviations include:








	∃

	there are, there exist(s)






	∴

	therefore






	∵

	because






	α

	is proportional to






	→

	leads to, into






	←

	comes from, from






	→→

	involves several processes in a sequence






	1° 2°

	primary, secondary (etc.)






	≈, ≅


	approximately, roughly equal to






	=, ≠

	equals, not equal to






	≡, ≡


	equivalent, not equivalent to






	<, >

	smaller than, bigger than






	>>

	much bigger than






	[X]

	concentration of X






	Σ

	sum






	Δ

	change






	ƒ

	function






	#

	number






	∞

	infinity, infinite









You should also make up your own abbreviations relevant to the context, e.g. if a lecturer is talking about photosynthesis, you could write ‘PS’ instead, etc.








Lectures Delivered by PowerPoint or Similar Presentation Programs




Some students make the mistake of thinking that lectures delivered as computer-based presentations with an accompanying handout or web resource require little or no effort by way of note-taking. While it is true that you may be freed from the need to copy out large diagrams and the basic text may provide structure, you will still need to adapt and add to the lecturer’s points. Much of the important detail and crucial emphasis will still be delivered verbally. Furthermore, if you simply listen passively to the lecture, or worse, try to work from the handout alone, it will be far more difficult to understand and remember the content.


If you are not supplied with handouts, you may be given access to the electronic file, so that you can print out the presentation beforehand, perhaps in the ‘3 slides per page’ format that allows space for notes alongside each slide (Fig. 4.3). Scan through this before the lecture if you




[image: ]


Fig.  4.3




An example of a printout from PowerPoint in ‘Handouts (3 slides per page)’ format.







can; 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 could also add notes from supplementary reading. The text in presentations can be converted to word processor format if you have access to the electronic file. In PowerPoint, this can be achieved from the Outline option on the View tab, under Presentation Views > Normal > Outline. You can copy and paste text between programs in the normal fashion, then modify font size and colour as appropriate.


Sources of abbreviations for note-taking – general abbreviations can be found at http://public.oed.com/how-to-use-the-oed/abbreviations/ whereas specific examples relevant to the biosciences are at http://www.allacronyms.com/biology/topic’.














‘Making Up’ Your Notes



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. 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 copy, any useful material you see in textbooks, ready for revision.


Identifying a study goal – reading around your subject is worthwhile and rewarding, but if your time is limited, it is important to identify a purpose for your reading and note-making. Ideally, the goal should relate to specific learning outcomes or assessments.











Taking Notes from Books and Journal Papers





Scanning



Good reading skills are vital when taking 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 research publications, the best idea is to read the Abstract before consulting specific text, figures or tables, as this should detail the essential methods and findings. The paper’s layout thereafter will probably involve the same component sections (IMRaD, p. 120), but occasionally in a journal-specific order. Referencing systems may also differ (p. 55), and you may wish to note this.






Validating your sources – in some cases texts and references may be recommended by staff, but in others you may need to evaluate the reliability of the source yourself – for example, by considering whether the author(s) has a lengthy publication record, who he/she works for or, alternatively, whether they might have a biased viewpoint that could skew their analysis.





At the next stage, when you are scanning through the text to find material relevant to your goal, it is useful to have a good understanding of how most writing is structured. Both paragraphs and larger pieces of writing generally include an introduction, a main body and a conclusion. The introductory or ‘topic’ sentence/paragraph should orientate you to the material that will follow; the main body expands on the topic sentence, with explanation and examples; and the final or ‘terminator’ sentence/paragraph provides a conclusion and/or a link to the next part.




Definitions 



Paraphrasing – This is to quote others’ ideas or points by restating them in different words. It is different from summary in that you may include more detail. For example: Wilson and Brand (2010), based on their studies of the snail population in Arran, take the view that small sample size may be irrelevant when variability is low.


Quoting – This involves lifting text directly from your source and demonstrating this clearly by using quotation marks (and sometimes italics). If you wish to miss words out, use ellipsis punctuation marks (. . .), as shown in this example: Wilson and Brand (2010) concluded: ‘this indicates that sample size was small in this study. . . but that this was acceptable in view of the low variability encountered.’ Here, the words ‘because of financial constraints’ have been omitted as irrelevant to the author’s main point. For longer quotes (say 40 words or more) create a separate paragraph of text with a citation (normally at the end).


Summarising – This is taking the essence from a text and expressing it briefly in your own words. For example: Other researchers defend the use of small sample sizes (e.g. Wilson and Brand, 2010).


In all cases above, note the citation of a relevant reference, in this case using Harvard style (author names and date, p. 55). Full details of the source should be provided in a reference or bibliography section (p. 56). See also Chapter 10 (especially Box 10.1) in relation to plagiarism.







Key Point 



Working out how a piece of writing is structured will help you to scan quickly for relevance, digest the content faster and find material of interest as soon as possible.





Depending on your goal, there may be a specific key word or phrase for which you are searching, or you may wish to read paragraphs on a specific topic. As well as an index, most biosciences textbooks use systems of headings and subheadings which facilitate such searches. With digital or online resources, you can press the [image: ] and [image: ] keys together to access a ‘find’ dialog box that will speed this process – however, take care to enter correctly spelled and relevant words, using alternatives if an initial search draws a blank.


Finally, you need to absorb the content and decide what the salient points are (Chapter 10). These will obviously depend on the task you are carrying out. When taking notes, it is vital that you distinguish between your own paraphrasing or summarising of the text and situations where your notes are direct quotes, or you may be guilty of plagiarism (p. 60). If transcribing text word-for-word, always use quotation marks and always note the full citation details of the source (p. 56) at the same time.








Skimming



This is a valuable way to gain the maximum amount of information in the minimum amount of time, by reading as little of a text as is required. Essentially, the technique (also termed ‘surveying’) requires you to look at the organisation of the text, rather than the detail. In a sense, you are trying to see the writer’s original plan and the purpose behind each part of the text. Look through the whole of the piece first, to gain an overview of its scope and structure. Headings provide an obvious clue to structure, if present. Next, look for the ‘topic sentence’ in each paragraph (p. 113), which is often the first. You might then decide that the paragraph contains a definition that is important to note, or it may contain examples, so may not be worth reading in detail for your purpose.


When you have found relevant material, note-taking fulfils the vital purpose of helping you understand and remember the information. If you simply read it, either directly or from a photocopy, you risk accomplishing neither. The act of paraphrasing (using different words to give the same meaning) makes you think about the meaning and forces you to express this for yourself. It is an important active learning technique. A popular method of skimming and note-taking is called the SQ3R technique (Box. 4.1).


Printing PowerPoint slides – use the ‘Black and White’ option on the Print menu to avoid wasting ink on printing of 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.





Scanning effectively – you need to stay focused on your key words, otherwise you may be distracted by apparently interesting but peripheral material.





Spotting sequences – writers often number their points (firstly, secondly, thirdly, etc.) and looking for these words in the text can help you skim it quickly.





Making sure you have all the details of a source – when taking notes from a text or journal paper: (a) always take full details (Chapter 9); (b) if copying word-for-word make sure you indicate this using quotes and take special care to ensure you do not alter the original wording.







Key Point 



Obtaining information and then understanding it are distinct, sequential parts of the process of learning. As discussed in Chapter 5 (Table 5.1), you must be able to do more than recall facts to succeed.





Methods for finding and evaluating texts and articles are discussed further in Chapters 9 and  10.





Box  4.1 The SQ3R Technique for Skimming Texts









	Survey

	Gain a quick overview of the contents of the book or chapter, perhaps by rapidly reading the contents page or headings






	Question

	Ask yourself what the material covers and how precisely it relates to your study objectives






	Read

	Now read the text, paying attention to the ways it addresses your key questions






	Recall

	Recite to yourself what has been stated every few paragraphs. Write notes of this if appropriate, paraphrasing the text rather than copying it






	Review

	Think about what you have read and/or review your notes as a whole. Consider where it all fits in





















Reference 





	
Buzan, T. and Buzan, B. (2009) The Mind Map Book: Unlock Your Creativity, Boost Your Memory, Change Your Life. Pearson, Harlow.


[Note that there are several free versions of mind mapping software available on the web, e.g. FreeMind – try using a search engine to find relevant examples and their URLs.]














Study Exercises 






	4.1 Experiment with a new note-taking technique. If you haven’t tried the pattern or mind mapping methods (Figs 4.1 and  4.2), carry out a trial to see how they work for you. Research the methods first by consulting appropriate books or websites.




	4.2 Carry out a ‘spring clean’ of your desk area and notes. Make a concerted effort to organise your notes and handouts, investing if necessary in files and folders. This will be especially valuable at the start of a revision period.




	4.3 Try out the SQ3R technique. The next time you need to obtain information from a text, compare this method (Box 4.1) with others you may have adopted in the past. Is it faster, and does it aid your ability to recall the information?







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










5 Learning Effectively





There are many different ways of learning and at university you have the freedom to choose which approach to study suits you best. You should tackle this responsibility with an open mind, and be prepared to consider new options. Understanding how you learn best and how you are expected to think about your discipline will help you to improve your approach to study and understand your branch of bioscience at a deeper level.


Be adaptable – you should be prepared to adjust your study methods according to the topic, the learning environment (p. 26) and the approach of your lecturers (p. 27) as well as your personal learning preferences.







Key Point 



At university, you are expected to set your own agenda for learning. There will be timetabled activities, assessments and exam deadlines, but it is your responsibility to decide how you will study and learn, how you will manage your time, and, ultimately, what you will gain from the experience. You should be willing to challenge yourself academically to discover your full potential.


































Thinking about Thinking



The thinking processes that students are expected to carry out can be presented in a sequence, starting with less complex thought processes and ending with more complex processes, each of which builds on the previous level (see Table 5.1). The first two categories in this ladder apply to gaining basic knowledge and understanding, important when you first encounter a topic. Processes 3 to 6 are those additionally carried out by high-performing university students, with the latter two being especially relevant to final-year students, researchers and professionals. Naturally, the tutors assessing you will want to reward the deepest thinking appropriate for your level of study. This is often signified by the words used in assessment tasks and marking criteria (column four, Table 5.1, and p. 30), and while this is not an exact relationship, being more aware of this agenda can help you to gain more from your studies and appreciate what is being demanded of you.


Aligning your learning with a specific approach – it is important not to read too much into any formal ‘diagnosis’ of your preferred method of learning. You need to take a flexible approach; no matter how you prefer to learn, many of the outputs assessed at university (for example, exam answers, essays and reports) are in a formal written format and you will need to apply what you have learned to these format. Also, different aspects of your study will require different approaches, irrespective of personal preferences. For example, practical skills are best learned by ‘hands-on’ activities – learning by doing.











Identifying Your Personal Learning Preferences



We do not all learn in the same way. Your preferred approach to learning is simply the one that suits you best for receiving, communicating and understanding information. It therefore involves selections that will help you learn and perform most effectively. There are many different ways of describing such learning strategies, and you may be introduced to specific schemes during your studies. Although methods and terminology may differ among these approaches, it is important to realise that it is the process of analysing your learning style that is critical, together with the way you use the information to modify your approach to studying, rather than the specific type of learner that you may identify yourself to be.


Understanding your learning preferences – although the notion that we have ‘hard-wired’ individual learning ‘styles’ is strongly contested by many academics and researchers, in practice it can be helpful to reflect on your personal preferences, and how you can make the most of these to enhance your learning.





A useful scheme for describing learning preferences is the VARK system devised by Fleming (2001). By answering a short online questionnaire, you can ‘diagnose’ yourself as one of the types shown in Box 5.1, which also summarises important outcomes relating to how information





Table  5.1




A ladder of thinking 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. If you comprehend a fact, you understand what it means.

	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.

	

	distinguish



	interpret



	outline



	illustrate











	
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



	discuss











	
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.

	

	design



	integrate



	test



	create











	
6. Creating. To create or ‘synthesise’, 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.

	

	review



	assess



	consider



	justify




















and concepts can be assimilated, learned and expressed. People show different degrees of alignment with these categories, and Fleming’s research indicates that the majority of students are multi-modal learners – that is, falling into more than one category – rather than being only in one grouping. By carrying out an analysis like this, you can become more aware of your personal characteristics and think about whether the methods of studying you currently use are those that are best suited to your learning needs.





Box  5.1 How to Diagnose Your Learning Preferences using the VARK Scheme



Visit www.vark-learn.com to carry out the online diagnostic test, reflect on whether it is a fair description of your preferences, and think about whether you might change the way you study to improve your performance. None of the outcomes should be regarded as prescriptive – you should mix techniques as you see fit and only use methods that you feel comfortable adopting. Adapted with permission from material produced by Fleming (2001).








	Learning approach Description of learning preference


	Outcomes for your learning, studying and exam technique






	Advice for taking in information and understanding it

	Best methods of studying for effective learning

	Ways to cope with exams so you perform better










	
Visual: You are interested in colour, layout and design. You probably prefer to learn from visual media or books with diagrams and charts. You tend to add doodles and use highlighters on lecture and revision notes and express ideas and concepts as images.


	Use media incorporating images, diagrams, flowcharts, etc. When constructing notes, employ underlining, different colours and highlighters. Use symbols as much as you can, rather than words. Leave plenty of white space in your notes. Experiment with the ‘mind map’ style of note-taking (p. 18).

	Use similar methods to those described in column two. Reduce lecture notes to pictures. Try to construct your own images to aid understanding, then test your learning by redrawing these from memory.

	Plan answers diagrammatically. Recall the images and doodles you used in your notes. Use diagrams in your answers (making sure they are numbered and fully labelled). As part of your revision, turn images into words.






	
Aural: You prefer discussing subjects and probably like to attend tutorials and listen to lecturers, rather than read textbooks. Your lecture notes may be poor because you would rather listen than take notes.


	Make sure you attend classes, discussions and tutorials. Note and remember the interesting examples, stories, jokes. Leave spaces in your notes for later recall and ‘filling’. Discuss topics with a ‘study buddy’. Record lectures (with lecturer’s permission) and replay to reinforce your learning.

	Expand your notes by talking with others and making additional notes from the textbook. Ask others to listen to you talk about topics. Read your summarised notes aloud to yourself. Record your vocalised notes and listen to them later.

	When writing answers, imagine you are talking to an unseen examiner. Speak your answers inside your head. Listen to your voice and write them down. Practise writing answers to previous exam questions.






	
Read–Write: You prefer using text in all formats. Your lecture notes are probably good. You tend to like lecturers who use words well and provide lots of information in sentences and notes. ln note-taking, you may convert diagrams to text and text to bullet points.


	Focus on note-taking. You may prefer the ‘linear’ style of note-taking (p. 17). Use the following in your notes: lists; headings; glossaries; and definitions. Expand your notes by adding further information from handouts, textbooks and library readings.

	Reduce your notes to lists or headings. Write out and read the lists again and again (silently). Turn actions, diagrams, charts and flowcharts into words. Rewrite the ideas and principles into other words. Organise diagrams and graphs into statements, e.g. ‘The trend is . . .’.

	Plan and write out exam answers using remembered lists. Arrange your words into hierarchies and bullet points.






	
Kinesthetic: You tend to recall by remembering real events and lecturers' ‘stories’. You probably prefer field excursions and lab work to theory and like lecturers who give real-life examples. Your lecture notes may be weak because the topics did not seem ‘concrete’ or ‘relevant’.


	Focus on examples that illustrate principles. Concentrate on applied aspects and hands-on approaches, but try to understand the theoretical principles that underpin them. When taking in information, use all your senses — sight, touch, taste, smell, hearing.

	Put plenty of examples, pictures and photographs into your notes. Use case studies and applications to help with principles and concepts. Talk through your notes with others. Recall your experience of lectures, tutorials, experiments or field trips.

	Write practice answers and paragraphs. Recall examples and things you did in the lab or field trip. Role-play the exam situation in your own room.






	
Multi-modal: Your preferences fall into two or more of the above categories. You are able to use these different modes as appropriate.


	

If you are diagnosed as having two dominant preferences or several equally dominant preferences, read the study strategies above that apply to each of these. You may find it necessary to use more than one strategy for learning and exam-sitting, feeling less secure with only one.
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            var targetImage = document.getElementById(imageId)

            targetImage.style.transform = "scale(" + scalable + "," + scalable + ")"

            targetImage.style.transformOrigin = "0 0"

            targetImage.style.webkitTransform = "scale(" + scalable + "," + scalable + ")"

            targetImage.style.webkitTransformOrigin = "0 0"

        }

    }



    function zoomReset(event, target) {

        scalable = 1

        var imageId = target.getAttribute('data-target')

        var targetImage = document.getElementById(imageId)

        targetImage.style.transform = "scale(" + scalable + "," + scalable + ")"

        targetImage.style.transformOrigin = "0 0"

        targetImage.style.webkitTransform = "scale(" + scalable + "," + scalable + ")"

        targetImage.style.webkitTransformOrigin = "0 0"



    }

    

    function setupEquations(){

        if (equations.length > 0) {

            var eqs = []

            if (equations.length > 0) {

                for (var key in equations) {

                    eqs.push(equations[key])

                }

            }

            /*if (svgEquations.length > 0) {

                for (var i = 0; i < svgEquations.length; i++) {

                    // check if it's really an equation or not

                    eqs.push(svgEquations[i])

                }

            }*/



            //set up the equations

            for (var i = 0; i < eqs.length; i++) {

                var equation = eqs[i],

                    width,

                    parentW = equation.parentNode ? equation.parentNode.offsetWidth : equation.offsetWidth



                if (equation.childNodes && equation.childNodes[0].length == 0) {

                    width = equation.offsetWidth

                } else {

                    width = equation.childNodes ? equation.childNodes[0].offsetWidth : equation.offsetWidth

                }



                if (equation.parentNode && equation.parentNode.className.indexOf("inlineequation") === -1 && equation.style && equation.style.display != "inline") {

                    // wrap it in a div for scaling purposes

                    var div = document.createElement('div')

                    div.wrap(equation)

                    div.setAttribute("style", "width: " + parentW + "px; overflow: visible;")

                    div.className = "lc_equationwrapper"

                    

                    if (width > parentW) {

                        // scale if it's bigger

                        scaleEquation(div, width, parentW)

                    }

                }

            }



        }

        

        if (window.MathJax != undefined) {

            MathJax.Hub.Queue(function() {

                var Equations = document.getElementsByClassName("MathJax_Display")

                for (var i = 0; i < Equations.length; i++) {

                    var equation = Equations[i]



                    if (equation.parentNode.className.indexOf("lc_equationwrapper") == -1 && equation.style.display != "inline") {

                        // oops, it's not wrapped for some reason... wrap it up, then continue

                        var div = document.createElement('div')

                        div.setAttribute("style", "width: " + equation.parentNode.offsetWidth + "px; overflow: visible;")

                        div.className = "lc_equationwrapper"

                        var newHTML = equation.parentNode.innerHTML,

                            parent = equation.parentNode

                            div.innerHTML = newHTML

                            parent.innerHTML = ""

                        parent.appendChild(div)

                        equation = div.childNodes[2]

                    }



                    var width = equation.childNodes[0].offsetWidth,

                        parentW = equation.parentNode.offsetWidth

                    if (width > parentW) {

                        scaleEquation(equation.parentNode, width, parentW)

                    }

                }

            });

        }

    }

    

    function resizeEquations(){

        // scale the equations here

        var equations = document.getElementsByClassName("lc_equationwrapper")



        if (equations.length > 0) {

            for (var i = 0; i < equations.length; i++) {

                var equation = equations[i],

                    width = equation.offsetWidth,

                    innerWidth = 0,

                    innerHeight = equation.offsetHeight,

                    screenWidth = equation.parentNode.offsetWidth



                    // get the inner width

                if (equation.childNodes[1] && equation.childNodes[1].className.indexOf("MathJax") != -1) {

                    if (equation.childNodes[1].childNodes[0]) {

                        innerWidth = equation.childNodes[1].childNodes[0].offsetWidth

                    } else {

                        innerWidth = equation.childNodes[2].childNodes[0].offsetWidth

                    }

                } else {

                    innerWidth = equation.childNodes[0].offsetWidth

                }



                if (innerWidth > screenWidth) {

                    scaleEquation(equation, innerWidth, screenWidth)

                } else {

                    equation.setAttribute("style", "width: " + screenWidth + "px; overflow: visible; margin: 0 auto;")

                    //equation.parentNode.setAttribute("style", "height: "+innerHeight+"px")

                }

            }

        }

    }



    function scaleEquation(equation, width, parentW) {

        // if this fires, the equation needs scaling

        var scaleRatio = parentW / width,

            height = equation.offsetHeight * scaleRatio



            equation.style.webkitTransform = "scale(" + scaleRatio + "," + scaleRatio + ")"

        equation.style.webkitTransformOrigin = "0 0"

        equation.style.mozTransform = "scale(" + scaleRatio + "," + scaleRatio + ")"

        equation.style.mozTransformOrigin = "0 0"

        equation.style.transform = "scale(" + scaleRatio + "," + scaleRatio + ")"

        equation.style.transformOrigin = "0 0"

        equation.style.width = width + "px"

        equation.style.maxWidth = width + "px"

        //equation.parentNode.style.height = height + "px"

    }

    

    function scaleIt(it){

        if(it.id != "highlightPopupContent"){

            // check for nested images, on tables

            var nestedImgs = it.getElementsByTagName('img')

            for (var j = 0; j < nestedImgs.length; j++) {

                var nestImage = nestedImgs[j]

                nestImage.style.maxWidth = "none"

            }

            

            // set the parent to have a style of "overflow:auto"

            it.parentNode.style.overflowY = "hidden"

            it.parentNode.style.overflowX = "auto"            

            it.style.webkitTransformOrigin = "0 0"

            it.style.mozTransformOrigin = "0 0"

            it.style.msTransformOrigin = "0 0"

            it.style.OTransformOrigin = "0 0"

            it.style.transformOrigin = "0 0"

            var parentW = it.parentNode.offsetWidth,

                itW = it.offsetWidth

            if(itW > parentW){

                // it's too big

                var ratio = parentW/itW                

                it.style.height = "auto"

                

                var height = it.offsetHeight,

                    parentHeight = it.parentNode.offsetHeight

                it.style.webkitTransform = "scale("+ratio+", "+ratio+")"

                it.style.mozTransform = "scale("+ratio+", "+ratio+")"

                it.style.msTransform = "scale("+ratio+", "+ratio+")"

                it.style.OTransform = "scale("+ratio+", "+ratio+")"

                it.style.transform = "scale("+ratio+", "+ratio+")"

                it.style.height = height*ratio+"px"

                it.parentNode.style.height = height*ratio +"px"

            } else {

                it.style.webkitTransform = ""

                it.style.mozTransform = ""

                it.style.msTransform = ""

                it.style.OTransform = ""

                it.style.transform = ""

                it.style.height = ""

                it.parentNode.style.height = ""

            }

        }

    }



   function init() {

       isTouchDevice()

        // bind the click events for the tables

        document.addEventListener("click", function(e) {

            var targetClasses = e.target.className,

                target



                // if it's fa, then bubble to parent

            if (targetClasses.indexOf("fa") != -1) {

                targetClasses = e.target.parentElement.className

                target = e.target.parentElement

            } else {

                target = e.target

            }



            if (targetClasses.indexOf("zoom") != -1) {

                targetClasses = targetClasses.replace("zoom-btn ", "")

                switch (targetClasses) {

                case "zoom-in":

                    zoomIn(e, target)

                    break

                case "zoom-out":

                    zoomOut(e, target)

                    break

                case "zoom-reset":

                    zoomReset(e, target)

                    break

                }

            }

        }, false)



        var selectedTable, otherEls, scaleRatio



        if (supportsTouch) {

            window.addEventListener("orientationchange", function() {

                if (largeTables.length > 0) {

                    for (var i = 0; i < largeTables.length; i++) {

                        selectedTable = largeTables[i]

                        scaleIt(selectedTable)

                    }

                }



                resizeEquations()

            });

        } else {

            var css = '.lc_imagewrapper {width:100%; overflow: auto; padding: 0 0 0 32px;} \

                       .zoom-buttons { position:absolute; left: 0; width: 25px; z-index:5; } \

                       .zoom-btn { -webkit-box-shadow: 0px 1px 3px rgba(0,0,0,0.4); box-shadow: 0px 1px 3px rgba(0,0,0,0.4);} \

                       .zoom-in, .zoom-in:hover, .zoom-out, .zoom-out:hover {display:block; font-size:18px; font-weight:bold; background:#fff; border:1px solid #000; color: #000; padding: 2px; line-height: 100%; width: 25px; border-radius: 0; -webkit-border-radius: 0;} \

                       .zoom-in, .zoom-in:hover {border-bottom: 0} \

                       .zoom-reset, .zoom-reset:hover {border:none; font-size: 12px; background: transparent; padding: 0; box-shadow: none; color: #08c; font-weight: normal; } ',

                head = document.head || document.getElementsByTagName('head')[0],

                style = document.createElement('style');

            style.type = 'text/css';

            if (style.styleSheet) {

                style.styleSheet.cssText = css;

            } else {

                style.appendChild(document.createTextNode(css));

            }

            head.appendChild(style);



            for (var i = 0; i < largeImages.length; i++) {

                var selectedImage = largeImages[i]

                var randomId = Math.random().toString(36).substr(2);

                selectedImage.setAttribute("id", randomId);

                selectedImage.parentElement.setAttribute("style", "position: relative;")

                var div = document.createElement('div')

                div.setAttribute("class", "lc_imagewrapper")

                div.wrap(selectedImage)

                var div_control = ['<div class="zoom-buttons">', '<button data-target="' + randomId + '" class="zoom-btn zoom-in">+</button>', '<button data-target="' + randomId + '" class="zoom-btn zoom-out">-</button>', '<button class="zoom-btn zoom-reset" data-target="' + randomId + '" >Reset</button>', '</div>'].join('\n')



                div.insertAdjacentHTML('afterBegin', div_control)

            }

        }



        if (largeTables.length > 0) {

            for (var i = 0; i < largeTables.length; i++) {

                // on initial load, wrap the whole thing in a div

                selectedTable = largeTables[i]

                var newDiv = document.createElement("div")

                newDiv.className = "lc_tablewrapper"

                selectedTable.parentNode.insertBefore(newDiv, selectedTable)

                newDiv.appendChild(selectedTable)



                // fire off the scaling

                scaleIt(selectedTable)

            }

        }

        

        setupEquations()



    }



    window.addEventListener("resize", resizeThrottler, false);



    var resizeTimeout;



    function resizeThrottler() {

        // ignore resize events as long as an actualResizeHandler execution is in the queue

        if (!resizeTimeout && !supportsTouch) {

            resizeTimeout = setTimeout(function() {

                resizeTimeout = null;

                resizeWatcher();

                // The resize Watcher will execute at a rate of 15fps

            }, 66);

        }

    }



    function resizeWatcher() {



        if (largeTables.length > 0) {

            for (var i = 0; i < largeTables.length; i++) {

                selectedTable = largeTables[i]

                scaleIt(selectedTable)

            }

        }



        resizeEquations()



    }





    //find the closest figure parent





    function findAncestor(el, classname) {

        while ((el = el.parentElement) && !el.classList.contains(classname));

        return el;

    }



    function ancestorTag(node) {

        // walk tree until you reach a section

        var newNode = node,

            isParent = false



            do {

                newNode = newNode.parentNode

                if (newNode.nodeName.toLowerCase() == "figure" || newNode.nodeName.toLowerCase() == "section" || newNode.nodeName.toLowerCase() == "aside" || newNode.nodeName.toLowerCase() == "li") isParent = true

                //console.log(newNode)

            } while (!isParent)



            return newNode

    }





    //find the closest figure parent





    function hasClass(el, selector) {

        var className = " " + selector + " ";



        if ((" " + el.className + " ").replace(/[\n\t]/g, " ").indexOf(className) > -1) {

            return true;

        }



        return false;

    }



    //auto width columns





    function autoCalculateColWidth(tableEl) {

        var $table = $(tableEl);







        var $theadCells = $table.find('thead tr').children(),

            colCount

            // var colCount = $table.find('thead tr').length,

            //  colWidth = $table.parent().width() / colCount



        var $tbodyCells = $table.find('tbody tr:first').children();



        // Get the tbody columns width array

        colWidth = $tbodyCells.map(function() {

            return $(this).width();

        });



        // Set the width of thead columns

        $theadCells.each(function(i, v) {

            $(v).width(colWidth[i]);

        });



    }



    // Wrap an HTMLElement around each element in an HTMLElement array.

    HTMLElement.prototype.wrap = function(elms) {

        // Convert `elms` to an array, if necessary.

        if (!elms.length) elms = [elms];



        // Loops backwards to prevent having to clone the wrapper on the

        // first element (see `child` below).

        for (var i = elms.length - 1; i >= 0; i--) {

            var child = (i > 0) ? this.cloneNode(true) : this;

            var el = elms[i];



            // Cache the current parent and sibling.

            var parent = el.parentNode;

            var sibling = el.nextSibling;



            // Wrap the element (is automatically removed from its current

            // parent).

            child.appendChild(el);



            // If the element had a sibling, insert the wrapper before

            // the sibling to maintain the HTML structure; otherwise, just

            // append it to the parent.

            if (sibling) {

                parent.insertBefore(child, sibling);

            } else {

                parent.appendChild(child);

            }

        }

    }

    

    // check the readyState so it will load even if the the document has already loaded

    if(document.readyState == "loaded" || document.readyState == "complete"){

        init()

    } else {

        // not loaded, bind an event

        document.onreadystatechange = function(){

            if(document.readyState == "loaded" || document.readyState == "complete"){

                init()

            }

        }

    }



}(window.jQuery)
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