               [image: ]








            Statistics without Maths for Psychology





                 [image: Pearson logo]



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


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


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


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


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





            Statistics without Maths for Psychology


Ninth Edition


Christine P. Dancey University of East London


John Reidy Sheffield Hallam University

     [image: Pearson logo]



Harlow, England • London • New York • Boston • San Francisco • Toronto • Sydney Dubai • Singapore • Hong Kong • Tokyo • Seoul • Taipei • New Delhi Cape Town • São Paulo • Mexico City • Madrid • Amsterdam • Munich • Paris • Milan





  

		

			

			

				

						

						PEARSON

						 

						EDUCATION

						 

						LIMITED 


						KAO TWO 


						KAO PARK 


						Harlow CM17 9SR 


						United Kingdom 


						Tel: +44 (0)1279 623623 


						Web: www.pearson.com 


				


			


			

				

						Previously published 1999, 2002, 2004, 2008, 2011 (print); 2014, 2017, 2020 (print and electronic)


						

						Ninth

						 

						edition

						 

						published

						 

						2024

						 (print and electronic)


				


			


			

				

						© Pearson Education Limited 1999, 2002, 2004, 2008, 2011 (print)


						© Pearson Education Limited 2014, 2017, 2020 (print and electronic)


						© Pearson Education Limited 2025 (print and electronic)


				


			


			

				The rights of Christine P. Dancey and John Reidy to be identified as authors of this work have been asserted by them in accordance with the Copyright, Designs and Patents Act 1988.


			


			

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


			


			

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


			


			

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


			


			

				IBM, the IBM logo, ibm.com, PASW and SPSS are trademarks or registered trademarks of International Business Machines Corporation, registered in many jurisdictions worldwide. Other product and service names might be trademarks of IBM or other companies. A current list of IBM trademarks is available on the Web at ‘IBM Copyright and trademark information’ at www.ibm.com/legal/copytrade.shtml.


			


			

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


			


			

				

						ISBN: 978-1-292-46344-5 (print)


						           978-1-292-73158-2 (ePub)


						           978-1-292-46741-2 (etext)


				


			


			

				

						

						British

						 

						Library

						 

						Cataloguing-in-Publication

						 

						Data 


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


						Library of Congress Cataloging-in-Publication DataNames: Dancey, Christine P, author. | Reidy, John, author.  Title: Statistics without maths for psychology / Christine P Dancey,    University of East London, John Reidy, Sheffield Hallam University.  Description: Ninth edition. | Harlow, England ; New York : Pearson, 2024. |    Includes bibliographical references and index. | Summary: "We can't    believe that it is now over 25 years since Statistics Without Maths for    Psychology was first published. So much has changed in society since    that first edition in 1999: smartphones, smart TVs, social networking    apps, electric vehicles that our lived experiences have been    transformed. However, in many ways the core subject of what we need to    know about statistics has changed very little"-- Provided by publisher.  Identifiers: LCCN 2024039970 (print) | LCCN 2024039971 (ebook) | ISBN    9781292463445 (paperback) | ISBN 9781292731582 (epub)  Subjects: LCSH: SPSS for Windows. | Mathematical statistics. |    Psychology--Statistical methods. Classification: LCC BF39 .D26 2024  (print) | LCC BF39  (ebook) | DDC    150.1/5195--dc23/eng/20240904 LC record available at https://lccn.loc.gov/2024039970LC ebook record available at https://lccn.loc.gov/2024039971


						

						Library

						 

						of

						 

						Congress

						 

						Cataloging-in-Publication

						 

						Data

					


						10 9 8 7 6 5 4 3 2 1


						28 27 26 25 24 


				


			


			

				

						Cover image credit: Georgette Douwma/Stone/Getty Images


						Cover designed by Kelly Miller


						Print edition typeset in 10/12pt Bembo MT Pro by Straive


						Printed by Ashford Colour Press Ltd, Gosport.


						NOTE THAT ANY PAGE CROSS REFERENCES REFER TO THE PRINT EDITION


				


			


		


		


	          Preface


We can’t believe that it is now over 25 years since Statistics Without Maths for Psychology was first published. So much has changed in society since that first edition in 1999: smartphones, smart TVs, social networking apps, electric vehicles that our lived experiences have been transformed. However, in many ways the core subject of what we need to know about statistics has changed very little. Looking back at the screenshots for SPSS® in the first edition (SPSS version 6.1) it is remarkable how little the software has changed in this last quarter century. There are a lot more statistical methods available to us as researchers, but the core analyses that we cover in this book are still as relevant and as important as they were then. Understanding these core statistical concepts and tests leads to a much better understanding of the more advanced techniques that have been introduced to the various software packages, including SPSS, since 1999.


We are extremely proud of our book, which has become affectionately known by students as ‘the fish book’, and the way in which it has helped many students get to grips with one of the most challenging topics in the undergraduate psychology degree curriculum. We have been amazed at how well the book has been received and are thankful for the kind words tutors and students alike have said about it. In this ninth edition of the book we have kept true to our vision for the book to provide conceptual explanations of statistical concepts without making you suffer through the formulae. We have built upon the strengths of the previous editions and updated our examples from the literature, and updated some of the practical exercises. We have tried to draw more widely from the literature from scholars across the world. We wanted to ensure that our examples better represent the diversity of scholars and students who are interested in research in psychology. Additionally, we have responded, with revised explanations, to a number of reviewers who kindly provided feedback on the eighth edition.


We wrote this book primarily for our students, most of whom disliked mathematics, and could not understand why they had to learn mathematical formulae when their computer software performed the calculations for them. They were not convinced by the argument that working through calculations gave them an understanding of the test – neither were we. We wanted them to have a conceptual understanding of statistics and to enjoy data analysis. Over our teaching careers we have had to adapt our teaching to large groups of students, many of whom have no formal training in mathematics. We found it was difficult to recommend some of the traditional statistics textbooks – either they were full of mathematical formulae, and perceived by the students as dull or boring, or they were simple, statistical cookbook recipes, which showed them how to perform calculations, but gave them no real understanding of what the statistics meant. We therefore wrote this book, which seeks to give students a conceptual understanding of statistics while avoiding the distraction of formulae and calculations.


Another problem we found with recommending statistics textbooks was the over-reliance on the probability value in the interpretation of results. We found it difficult to convince them to take effect size, and confidence intervals, into consideration when the textbooks that were available made no mention of the debates around hypothesis testing, but simply instructed students to say p < 0.05 is significant and p > 0.05  is not significant! We hope in writing this book that students will become more aware of such issues. These core concepts are as important today as they were back in 1999.


We also wanted to show students how to incorporate the results of their analysis into laboratory reports, and how to interpret results sections of journal articles. We felt that too many statistics books ignored this aspect of data analysis. Of course, we realise that the way we have written our example ‘results sections’ will be different from the way that other psychologists would write them. Students can use these sections to gain confidence in writing their own results, and hopefully they will build on them, as they progress through their course.


We have tried to simplify complex, sometimes very complex, concepts. In simplifying, there is a trade-off in accuracy. We were aware of this when writing the book, and have tried to be as accurate as possible, while giving the simplest explanation. We are also aware that some students do not use SPSS® for their data analysis. SPSS, however, is still one of the most commonly used statistical package for the social sciences, and this is why the text is tied so closely to SPSS. Students not using this package should find the book useful anyway. This edition of the book has been updated for use with SPSS version 26 and earlier. But in recognition of the growing popularity of jamovi (The jamovi project, 2023)1 we have included jamovi walkthroughs on the accompanying web pages for Statistics Without Maths. 


We had some suggestions from reviewers to include some recent developments in psychological research methodology and so we have included a very brief introduction to the concepts underlying the use of Bayesian statistical techniques. We have also included brief discussion of the so-called ‘replication crisis’ in psychology. This latter discussion serves as a useful reminder that we must fully understand the concepts underlying the statistical techniques that we use.  Although we have updated most examples from the literature, we have left in some early studies because they illustrate exactly the points made in the text. 


We hope that students who read the book will not only learn from it, but also enjoy our explanations and examples. We also hope that as a result of reading this book students will feel confident in their ability to perform their own statistical analyses.


How to use this book 


To help you get the most from this book we thought that it would be useful to provide a brief overview of the book and of the structure of the chapters. The best way to use the book if you are new to statistics in psychology or if you have been away from statistics for a long while is to work your way through the chapters from Chapter 1 onwards. The most important chapters to read and ensure that you understand fully are the first five chapters as these provide you with the core concepts for comprehending the main statistical techniques covered later in the book. If you spend the time and effort on these opening chapters then you will be rewarded by having a better understanding of what the statistical tests are able to tell us about our data. We cannot stress enough the importance of such an understanding for appropriate use of statistical techniques and for your ability to understand and critique others’ use of such techniques.


The chapters that follow these opening chapters generally explain the concepts underlying specific types of tests as well as how to conduct and interpret the findings from these. We start off with the more basic tests which look at the fewest possible variables (‘variables’ will be explained in Chapter 1) and then using these as a basis we move on to the more complex tests later in the book. In some ways it might be better to read about a basic type of test, say simple correlations (see Chapter 6), and then move on to the more complex versions of these tests, say regression and multiple regression (see Chapter 12). As another example, start with simple tests of differences between two groups (in Chapter 7) and then move on to tests of differences between more than two groups (Chapters 10 and 11). However, often statistics modules don’t follow this sort of pattern but rather cover all of the basic tests first and only then move on to the complex tests. In such a learning pattern there is the danger that to some extent some of the links between the simple and complex tests may get lost.


Rather disappointingly we have read some reviews of the book which focus entirely on the step-by-step guides we give to conducting the statistical analyses with SPSS. We would like to stress that this book is not simply a ‘cookbook’ for how to run statistical tests. If used appropriately you should come out with a good understanding of the statistical concepts covered in the book as well as the skills necessary to conduct the analyses using SPSS. If you already have a conceptual understanding of the statistical techniques covered in the book then by all means simply follow the step-by-step guide to carrying out the analyses, but if you are relatively new to statistics you should ensure that you read the text so that you understand what the statistical analyses are telling you.


There are a number of features in this book to help you learn the concepts being covered (in technical terms these are called ‘pedagogic’ features). These are explained below, but before we explain these we will give you a general overview of what to expect in each chapter.


In each chapter we will highlight what is to come and then we will explain the statistical concepts underlying the particular topics for that chapter. Once we have covered the statistical concepts you will be given step-by-step guides to conducting analyses using SPSS Statistics. Towards the end of each chapter you will be provided with a means of testing your knowledge, followed by some pointers to further reading. We will now describe some of the features found in the chapters in more detail.


At the beginning of every chapter there is a Chapter overview. These overviews provide you with information about what is contained in each chapter and what you should have achieved from working through it. Sometimes we will also highlight what you need to know beforehand to be able to get the most from the chapter. You should make sure that you read these (it is very easy to get into the habit of not doing this) as they will set the scene for you and prepare your mind for the concepts coming up in the book.


At the end of each chapter there are Summaries which outline the main concepts that were covered. These are important for consolidating what you have learnt and help put the concepts learnt later in the chapter back in the context of the earlier concepts. You will also find SPSS exercises, activities and multiple choice questions. We cannot stress enough the importance of working through these when you finish each chapter. They are designed to test your knowledge and to help you actively work with the information that you have learnt. The best way to learn about things is to do them. The answers to the multiple choice questions are also provided at the very end of each chapter so that you can check your progress. If you have answered questions incorrectly go back and read the relevant part of the chapter to ensure that you have a good understanding of the material. The answers to the SPSS exercises are provided at the end of the book. Check these and if you have different answers go back and try to work out where you might have gone wrong. Often it might be that you have input the data incorrectly into SPSS Software. There are additional multiple choice questions and SPSS Statistics exercises on the companion website and so please do make use of these also.


Within each chapter there are a number of features designed to get you thinking about what you have been reading. There are Discussion points which help you to explore different ideas or theories in more detail. There are also a number of Activity boxes which provide additional opportunities for you to test your understanding of the theories and ideas being discussed. It is important to complete the activities as we have placed these to ensure that you are actively engaging with the material. Our experience has shown that actively working with material helps learning (and makes reading more enjoyable). You will also find a number of Example boxes where we provide a concrete example of what we are discussing. Providing such concrete examples helps students understand the concepts more easily. There are also lots of examples from the psychological literature which show how active psychology researchers use the statistical techniques which have been covered in the chapters.


Where appropriate we have included as many diagrams and pictures as we can as these will help you to understand (and remember) the text more easily. The thought of giving you endless pages of text without breaking it up is not worth thinking about. Remember that the pictures are not there to be pretty nor just to break up the text. Please consult these along with reading the text and this will help you learn and understand the concept under discussion. Occasionally in the book you will come across Caution boxes. These are there to warn you of possible problems or issues related to certain techniques or statistical concepts. These are useful in many ways as they are designed to help you to understand some of the limits of statistical tests and they serve as a reminder that we have to think carefully about how we analyse our data.


Where in a chapter we want to show you how to use SPSS we provide annotated screenshots. These will show you which buttons to click in SPSS as well as how and where to move information around to get the analyses that you want. Finally, at the end of each chapter there is a Reference section. In this we will provide details of all the other authors’ works that we have mentioned within the chapter. This is pretty much what you should do when writing up your own research. Some of the references will provide the details of the examples from the literature that we have presented and some will be examples of potentially useful further reading. You can follow up these as and when you choose to. Sometimes it is good to follow up the examples from the research literature as you can then see the context to the example analyses that we present. Also, by looking at how the experts present their research you can better learn how to present your own research.
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Chapter 1 Variables and research design


 


     


CHAPTER OVERVIEW 


In trying to explain how to use and understand statistics it is perhaps best to start by outlining the principal factors in designing research. We will therefore describe the most important aspects of research design with a view to explaining how they influence the use of statistics. In this chapter, therefore, we aim to teach you about the following: 

            
	variables: continuous, discrete and categorical

	independent and dependent variables

	correlational, experimental and quasi-experimental designs

	between-participant and within-participant designs.



  






              1.1 Why teach statistics without mathematical formulae?

  Statistics as a topic tends to strike fear into the hearts and minds of most social science students and a good many lecturers too. Understanding statistical concepts should, however, be no more difficult than understanding any other theoretical concept (for example, the concept of intelligence). In fact, one would think that understanding a very concrete concept such as the arithmetical mean would be a good deal easier than understanding a rather vague psychological concept such as ‘an attitude’. Yet, every year, it seems that the majority of students, who apparently grasp many non-statistical concepts with consummate ease, struggle to understand statistics. Our view is that most people are fearful of statistics because the concepts are lost in the mathematical formulae. We therefore seek to explain statistics in a conceptual way without confusing students with unnecessary mathematical formulae – unnecessary, that is, in these days of statistical computer packages. If students wish to learn these formulae to enhance their knowledge, what better platform to have than a conceptual understanding of statistics?

 


  Statistics tend to have a bad reputation, as this quote often attributed to former British Prime Minister Benjamin Disraeli illustrates: ‘There are three sorts of lies: lies, damned lies and statistics.’ It is not the statistics that are at fault, however, but rather the way they are used. After all, we do not usually blame the gun for killing someone, but the person who pulled the trigger. All too often, particularly in politics, statistics are quoted out of context or even used selectively. This problem is clearly illustrated in a letter from Ed Humpherson, the director-general for Regulation at the UK Statistics Authority, to Veronica Hawking, who had complained about comments made by a spokesperson from the UK’s Department of Health and Social Care (DHSC) sent on 24 January 2024 (you can find this letter online by searching for ‘Ed Humpherson’s letter to Veronica Hawking’). In this letter Ed Humpherson is seen to reprimand the spokesperson for the DHSC for reporting potentially misleading statistics about reductions in the National Health Service (NHS) waiting list published in an article in The Times. In the letter, Ed Humpherson suggests that: ‘It would better support understanding if DHSC had been clear on what time period it was referring to avoid potentially misleading people. This is particularly important where the fuller time series of waiting lists data . . . show an upward trend in waiting lists over the last year and could therefore be perceived as selectivity of data.’ This clearly indicates an expectation that statistics be used within an appropriate context and be clearly defined and explained. The letter from Ed Humpherson, along with other letters relating to the official use of statistics in the UK, can be found at the UK Statistics Authority’s website (www.statisticsauthority.gov.uk). This is a really good website as it provides insights into how politicians use and often misuse statistics. Another really good source for finding out about misinterpretation of statistics in the public domain is the excellent BBC Radio 4 programme ‘More or Less’. This programme often highlights cases where statistics have been misused and explains how they have been misapplied. (You can find links to back programmes on the BBC Radio 4 website.) 

  The above example and the many more on the UK Statistics Authority website shows some of the problems with understanding and reporting of research based upon statistics. Yet politicians and the national media are happy to rely on poorly reported statistics to help colour our judgments about a whole range of issues for their own purposes. We should point out that this is not just a problem for politicians actually in government, it is widespread among politicians. This is even acknowledged in a report by the UK’s Statistics Commission, which was the forerunner to the UK Statistics Authority. In this report (2008) the Commission states:

  
 Statistics have been, and always will be, used selectively by politicians and commentators in the course of public debate. The selection and emphasis of particular statistical information to favour, or contest, a policy argument has to be tolerated as part of the political process. It is essential however that, to balance the politically selective use of statistics, the figures themselves, with full explanation, should be equally accessible and understandable to everyone. There should also be public corrections of manifestly misleading interpretations.
 
 
  These examples clearly illustrate the importance of viewing statistics in the correct context. If we say to you, for example, ‘that global warming is nonsense, just look at the terrible weather (snow and freezing temperatures) that we have had in the past two weeks’, this is clearly trying to mislead with statistics. We need to look at the broader picture on global temperatures not just a limited time span. We believe that being able to interpret statistics and whether or not they have been used appropriately is a very important life skill, particularly in the age of the internet and the widespread availability of information (good and bad in quality) about every aspect of life. And even more so in these days of the spread of ‘fake news’.





            1.2 Variables


We have explained a very important aspect of statistics: that they are only meaningful within a context. But what is it that statistics actually do? Essentially, statistics give us information about factors that we can measure. In research the things that we measure are called variables.


Variables are the main focus of research in science. A variable is simply something that can vary: that is, it can take on many different values or categories. Examples of variables are handedness, typing speed, top speed of a car, number of reported symptoms of an illness, temperature, attendances at rock festivals (e.g. the Download festival), level of anxiety, number of goals scored in football matches, intelligence, number of social encounters while walking your dog, amount of violence on television, occupation, number of cars owned, number of children per family and favourite colours. These are all things that we can measure and record and that vary from one situation or person to another.


But why are we interested in variables? We are generally interested in variables because we want to understand why they vary as they do. In order to achieve such understanding we need to be able to measure and record the changes in these variables in any given situation.





             


  1.2.1  Characteristics of variables

  You will notice from the examples of variables above that they have different characteristics. Whereas you can measure temperature in terms of Fahrenheit or Celsius and put a number to it, you cannot meaningfully do this for type of occupation. This represents one important characteristic of variables: that is, how they actually change. At one end of the spectrum we have variables that are said to be continuous: that is, they can take any value within a given range. Or, more accurately, the variable itself doesn’t change in discrete jumps. A good example of a continuous variable is temperature. This is because you could measure the temperature as, say, 40 °C or you could measure it more precisely as, say, 40.2558 °C. Another less obvious example is the measurement of the amount of violence on television. We could measure this in terms of the amount of time that violence appears on screen per day. If measured in this way, in terms of time, the variable could take on any value in terms of seconds or parts of seconds (e.g. 1000 s or 1000.1235672 s per day). The only limitation in the precision of measurement of such variables is the precision of the measuring instrument. With continuous variables there is an assumption that the underlying variable itself is continuous, even if the way in which we measure it is not. Of the examples given earlier, temperature, level of anxiety, top speed of a car, typing speed and intelligence could be regarded as continuous whereas the rest could not (see Table 1.1).

        
Table 1.1 Examples of continuous, discrete and categorical variables

[image: A table lists continuous, discrete, and categorical variables.]

 The table consists of 3 columns and 6 rows. The headings of the columns are as follows: Column 1, Continuous. Column 2, Discrete. Column 3, Categorical. The row entries are as follows:

Row 1: Continuous, Temperature. Discrete, Number of reported symptoms of an illness. Categorical, Gender.

Row 2: Continuous, A car's top speed. Discrete, Number of cars owned. Categorical, Occupation. 

Row 3: Continuous, Typing speed. Discrete, Number of goals scored in a football match. Categorical, Favourite colour.

Row 4: Continuous, Intelligence. Discrete, Number of social encounters while walking your dog. Categorical, Type of fast food restaurant.

Row 5: Continuous, Level of anxiety. Discrete, Attendances at heavy rock festivals. Categorical, Blank.

Row 6: Continuous, Blank. Discrete, Number of children in a family. Categorical, Blank.


  A variable could also be discrete: that is, it can take on only certain discrete values within the range. An example of such a variable is the reported number of symptoms of an illness that a person has. These can only be recorded in terms of presence or absence of symptoms and therefore in terms of whole symptoms present. Another example would be if we chose to measure the amount of violence on television in terms of the number of violent incidents per week. In such a case, we could only report the number of discrete violent incidents. We could not use it to measure in terms of fractions of a violent incident; therefore violence on television measured this way is termed a discrete variable. Of the examples given earlier, the most obvious discrete variables are number of reported symptoms of an illness, number of social encounters while walking your dog, attendance at a rock festival, number of cars owned, number of children per family and number of goals scored in a game of football.

  One problem that arises when thinking about continuous and discrete variables is confusing the underlying variable with how it is measured. A variable may in theory be continuous, but the way we measure it will always be discrete, no matter how accurate we are. We could measure anxiety (a theoretically continuous variable) using a questionnaire (e.g. the State–Trait Anxiety Inventory; Spielberger et al., 1983) where the total score on the questionnaire gives an indication of a person’s level of anxiety. Total scores on this questionnaire can only increase in whole units, say from 38 to 39 or from 61 to 62. Thus, the way we have measured anxiety is discrete whereas the underlying variable is assumed to be continuous.

  Additionally, often when analysing discrete variables they are treated as if they were continuous. Many of the statistical tests that we use assume that we have continuous variables. Often when a discrete variable can take on many different values within a range (e.g. attendances at heavy rock festivals) they can reasonably be treated as if they were continuous for the sake of statistical testing.

 


  Another type of variable is a categorical variable. This is where the values that the variables can take are categories. A good example is handedness, which has only three values that it can take: right-handed, left-handed or ambidextrous. Categorical variables can also sometimes have many possible values, as in type of occupation (e.g. judges, teachers, miners, grocers, civil servants). When dealing with categorical data we have an infinite number of variables that we might wish to investigate. We could, if this was of interest to us, categorise people on the basis of whether or not they ate chocolate sponge with tomato ketchup at 6.30 this morning. The only obvious examples of categorical variables given in our list of variables described at the beginning of this section are occupation, handedness and favourite colour.

  Try to ensure that you understand the different types of variable that you are measuring, as this is important when deciding how to analyse data.

   


Definitions


Continuous variables can take on absolutely any value within a given range. 


Discrete variables can only take on certain discrete values in a range.


Categorical variables are those in which we simply allocate people to categories

  






              1.2.2 Dichotomising continuous and discrete variables

  It is often the case that researchers convert continuous or discrete variables into categorical variables. For example, we might wish to compare the spatial ability of tall and short people. We could do this by comparing people who are over 6 ft 4 in (193 cm) with those under 4 ft 10 in (147 cm) on a spatial ability test. Thus, we have chosen points on the continuous scale (height) and decided to compare those participants who score above and below these points (see Figure 1.1).

  Another example might be to compare the memory ability of individuals with anxiety and individuals with no anxiety. We could measure anxiety levels using a questionnaire; this is a continuous variable measured on a discrete scale. For example, the Hospital Anxiety and Depression Scale has an anxiety scale that ranges from 0 to 21. To convert this to a categorical variable we would simply compare those who score above a certain value (say, 11) with those who score below this value.

        
Figure 1.1 Illustration of the conversion of continuous variables into categorical variables

[image: An illustration shows the conversion of continuous variable into a categorical variable.]

 The illustration shows a vertical scale that measures the height in feet, which is the continuous variable. The height markings on the scale range from 2 to 6 in increments of 2 feet. On one side of the scale stands a tall basketball player of about 6 feet height. On the other side of the scale stands a short man of about 4.5 feet in height. The terms tall and short are categorical variables.


  This dichotomising (dividing into two categories) of continuous and discrete variables is quite common in psychology as it enables us to find out if there are differences between groups who may be at the extremes of the continuous or discrete variables (e.g. tall and short people). We do not, however, recommend such a practice as it reduces the sensitivity of your statistical analyses. There is a good discussion of such problems in Streiner (2002), in Maxwell and Delaney (1993), Altman and Royston (2007) and more recently by Rucker, McShane and Preacher (2015). We mention this here only so that you are aware that it happens in the research literature and so that you will understand what the researchers have done.

 


   





Discussion point


Dichotomising continuous variables


Why do researchers dichotomise variables? Streiner (2002) highlights the point that many decisions in psychology, psychiatry and medicine are binary decisions. Binary decisions are those where there are two choices, such as whether or not a person has a mental disorder, whether or not a person has a specific disease, whether a person should be hospitalised or whether a person should be released from hospital. It is often argued that because clinicians have to make such binary decisions, it is legitimate to investigate variables in a binary way. Such reasoning is used to support the widespread practice of dichotomising continuous variables.


Streiner argues that we do not have to view the sorts of decision that clinicians make as binary. He suggests that it would be better to think of mental illness, for example, as being on a continuum: the more symptoms you have, the more affected you are. We should then measure such constructs on continua rather than dichotomising them. That is, rather than using questionnaires to categorise individuals we could use the questionnaires to get a measure of where they fall on a continuum. Such information can then be utilised in our decisions for treating individuals, etc. It is interesting to note that the latest version of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) has moved much more to seeing mental disorders on a continuum rather than as categorical.


An example may illustrate dichotomisation better. We suggested earlier that we could categorise individuals as having anxiety or not having anxiety on the basis of their scores on a questionnaire. Researchers investigating anxiety sometimes utilise questionnaires in this way. Those participants who score high on the questionnaire are classed as individuals with a high level of anxiety, whereas those who have low scores are classed as individuals with a low level of anxiety. The ‘median-split’ method is often used in this regard, where those participants who score above the median are categorised as individuals with anxiety and those who score below the median as individuals with no anxiety (e.g. Critchley et al., 2018).


Streiner argues that the practice of dichotomising continuous variables tends to lead to research that is low in power (we cover power further in Chapters 5 and 8). The reason for this is that it results in us losing a lot of information about participants. For example, suppose two individuals score 20 and 38 on an anxiety inventory and that we come to classify them both as individuals with low anxiety (they both fall below the median). In any subsequent analyses based upon this categorisation, both of these participants are treated as being identical in terms of their levels of anxiety (i.e. they are both individuals with no anxiety). According to our questionnaire, however, there is a very large difference between them in terms of their actual anxiety levels. Treating these two individuals as the same in terms of anxiety level does not seem to make sense. It would be much more sensible to try to include their actual anxiety scores in any statistical analyses that we conduct.


Additionally, we may find that there is a larger difference in terms of anxiety between the two participants classed as individuals with anxiety and another participant classed as with no anxiety. For example, suppose our median is 39: all those scoring above 39 are classed as individuals with anxiety and those who score below 39 are individuals with no anxiety. We can see here that the person with no anxiety who has a score of 38 has much more in common with a person with anxiety whose score is 41 than they do with another person with no anxiety who has a score of 20. Yet in any subsequent analyses the participants with scores of 20 and 38 are classified as identical in terms of anxiety and these are classed as equally different from the person who has a score of 41. This just does not make any sense.


Streiner also highlights research that has shown that analyses using dichotomous variables are about 67% as efficient as analyses using the original continuous/discrete measures. This is an incredible loss of sensitivity in the study. It means that you are only two-thirds as likely to detect relationships among variables if you dichotomise continuous variables. This is a serious handicap to conducting research. Moreover, loss of power is not the only problem that arises when dichotomising variables. Maxwell and Delaney (1993) have shown that such a practice can actually lead to spurious findings arising from statistical analyses.


Therefore, we advise you against dichotomising continuous variables.

  


 


   



Activity 1.1 



Which of the following are continuous, which are discrete and which are categorical?

              
	Wind speed

	Types of degree offered by a university

	Level of extroversion

	Makes of car

	Division in which football teams play

	Number of chess pieces ‘captured’ in a chess game

	Weight of giant pandas

	Number of paintings hanging in art galleries





The correct answers can be found at the end of the book.

  






              1.3 Levels of measurement

  Another way of distinguishing between variables or scales is in terms of the level of measurement. There are four levels of measurement and these vary as a function of the way in which the variables are measured. The four different levels are:

         

[image: The four levels of measurement are listed one below the other as follows: 1, Nominal. 2, Ordinal. 3, Interval. 4, Ratio.]



  At the lowest level of measurement are nominal scales. These are in effect categorical variables in that they represent different categories, but they also have the characteristic that there is no particular order that can be given to the categories. A good example of a nominal scale is handedness, which has three categories, left-handed, right-handed and ambidextrous. You should be able to see that there is no logical way of ordering these three categories in terms of magnitude. Another example would be types of occupation: again we can categorise people in terms of their occupations but we could not put these groups in any particular order – they are simply different categories. When dealing with nominal-level measures, we are simply assigning people to categories and the data we obtain are in the form of frequency counts. Frequency counts simply tell us how many people we have in each category.

  At the next level of measurement we have ordinal scales. Quite often in psychology we use ratings scales to measure participants’ responses. For example, we might want to know how nervous a person is just before they take part in a study we are running. We could use a scale like that presented below to gauge how nervous they are.

       [image: A horizontal scale ranges from 1 to 5 in unit increments. 1 is labeled "I'm cool, man." 3 is labeled "Whoa, this is getting serious!" 5 is labeled "I'm a quivering wreck!"]


  Using such a scale we can place participants in some sort of order in terms of how nervous they are prior to the study (hence ordinal scale). We would be able to say that someone who put a circle around the ‘1’ was less nervous than someone who put a circle around the ‘3’ or around the ‘5’. One of the drawbacks with such scales is that we cannot say that the difference between ‘1’ and ‘2’ on the scale is the same as the difference between ‘3’ and ‘4’ on the scale or that the difference between ‘I’m cool, man!’ and ‘Whoa, this is getting serious!’ is the same as the difference between ‘Whoa, this is getting serious!’ and ‘I’m a quivering wreck!’ Thus we do not have equal intervals on the scale.

 


  At the interval level of measurement, we are able to put scores in some sort of order of magnitude and we also have equal intervals between adjacent points on the scale (hence interval scale). A good example of an interval scale is one of the commonly used scales to measure temperature, such as Centigrade or Fahrenheit. On such scales we can say that the difference between 1 and 2 degrees is the same as the difference between 9 and 10 degrees or between 99 and 100 degrees. We have equal intervals between adjacent points on the scales. The disadvantage of such scales is that there is no absolute zero on them. Thus whilst there are zero points on both the Centigrade and Fahrenheit scales these are arbitrary zero points – they do not equate to zero temperature. The zero point on the Centigrade scale was chosen as it was the point at which water freezes, and the zero point on the Fahrenheit scale is equally arbitrary. 

  When we reach zero on these scales we cannot say that there is no heat or no temperature.Because of this we cannot say that 4 °C is half as warm as 8 °C or that 40 °C is twice as hot as 20 °C. In order to make such statements we would need a measuring scale that had an absolute rather than an arbitrary zero point. A good example from the psychological literature is anxiety which is usually measured through questionnaires such as the Spielberger State–Trait Anxiety Inventory. A zero score on this questionnaire doesn’t mean that a person has absolutely no anxiety and we cannot say that a person with a score of 40 has twice as much anxiety as a person with a score of 20.

  The final level of measurement is the ratio scale. Ratio scales have all the features of interval-level data but with the addition of having an absolute zero point. For example, if I wanted to measure how long it took you to read this paragraph, I would start the timer going when you started at the beginning of the paragraph and then stop it when you had read the last word of the paragraph. Here we have a scale where the intervals between adjacent points are equal: that is, the difference between 1 and 2 seconds is the same as that between 79 and 80 seconds. We also have a zero point which is an absolute zero. The point where you are just preparing to start reading the paragraph is zero in terms of time spent reading the paragraph. Another example of a ratio scale is speed of a car. When the car is not moving it has zero speed (an absolute zero point) and the difference between 9 and 10 k.p.h. is the same as that between 29 and 30 k.p.h. The useful point about having an absolute zero is that we can form ratios using such scales (hence ratio scales). Thus, I can say that a car moving at 100 k.p.h. is moving twice as fast as one moving at 50 k.p.h. Or a person who read this paragraph in 30 seconds read it twice as fast as someone who read it in 60 seconds.

  Levels of measurement are important as they can have an influence on what sorts of statistical test we can use to analyse our data. Usually, we can only use the most sensitive statistical techniques (called parametric tests) when we have either interval- or ratio-level data. If we have nominal- or ordinal-level data, we have to make do with the less sensitive non-parametric tests (we cover the conditions for using different types of test in more detail in Chapter 5).

   


Definitions


Ratio scales have equal intervals between adjacent scores on the scale and an absolute zero.


Interval scales have equal intervals between adjacent scores but do not have an absolute zero.


Ordinal scales have some sort of order to the categories (e.g. in terms of magnitude) but the intervals between adjacent points on the scale are not necessarily equal.


Nominal scales consist of categories that are not ordered in any particular way.

  






             


  1.4 Research designs

  There are many different statistical techniques that we use to analyse the data we have collected in research. We will be introducing you to some of the most widely used in this book as well as providing you with an understanding of the factors that determine which statistical technique should be used in a given situation.

  One of the biggest factors in determining which statistical tests you can use to analyse your data is the way you have designed your study. There are several ways to design a study and the way you do so can have a great influence on the sorts of statistical procedure that are available to you. Sometimes researchers wish to look for differences between two groups of participants on a particular variable and at other times they might want to see if two variables are related in some way. An example of a study which investigated differences between conditions is the research reported by Guéguen and Ciccotti (2008). In this study the researchers were interested in whether or not dogs facilitate social interactions and helping behaviours among adults. The researchers ran four different studies where male and female researchers walked with and without dogs. In two studies the researcher approached people and asked for some money, in another study the researcher dropped some coins to see if people would help to pick them up and in a final study a male researcher approached females in the street and asked them for their phone numbers. In each study the researcher did the tasks both with and without dogs. In all four studies they found that helping behaviours were higher when the researcher had a dog than when they didn’t have a dog. An example of research looking for relationships between variables would be the study reported by Curl et al. (2020). In this research they were interested in the relationship between dog walking and life satisfaction in older adults. In their analysis they discovered walking a dog was not directly related to life satisfaction but did lead to more social interactions which then led to higher life satisfaction. The statistical tests that we would use in these examples are called difference tests and correlational tests respectively. The way you design your study will influence which of these sorts of test you can use. In the following sections we will take you through several ways of designing studies and indicate which sorts of test are available to the researcher conducting such studies.





              1.4.1 Extraneous and confounding variables

  Above we described a study by Guéguen and Ciccotti (2008) about the effects of walking with a dog on social interactions and helping behaviours. If you think about this study you may realise that there are factors other than owning a dog that could also affect the social encounters people have when they are out with their dogs. Other factors might include shyness of the walker, attractiveness of the walker, length of time spent walking, breed of dog and a whole host of other variables. These are all factors that the researcher might not have accounted for but which may have influenced the social interactions; they are called extraneous variables. In any research situation, whether in chemistry, physics or psychology, account has to be taken of extraneous variables. If extraneous variables are overlooked, the conclusions that may be drawn from the studies may be unreliable. Thus, in the dog-walking example, if the extraneous variables just described had not been controlled, we would not be able to say for certain that any differences in social interactions were due to the ownership of a dog. The differences may have been due to any one or a combination of the extraneous variables just described. The main reason for conducting research under laboratory conditions is to try to control extraneous variables as much as possible. You will find that many of the research issues that we describe in this chapter are designed to reduce extraneous variables.

  You have to be aware that for any given variable that you measure there will be a number of other variables that may be related to it (see Figure 1.2, for example). When we conduct a study such as the dog and social interaction one, we cannot be certain that it is being with (or without) a dog that has led to a change in social interactions. Thus we need to try to eliminate the other variables (extraneous variables) as possible reasons for our observed changes in social interactions. We do this by trying to control these other variables: for example, by trying to match our dog and no-dog participants as much as possible on shyness, attractiveness and length of time spent walking of dog. Also, we could ensure that all participants are out with the same type of dog and that they are out at the same time and on the same day of the week. Once we have controlled these other variables then we may be more confident in our conclusions that being out with a dog influences the number of social interactions a person will have.

        
Figure 1.2 Illustration of the variables that may influence the number of social interactions a person has in the park

[image: The following variables point to the number of social interactions while walking in the park: Shyness, Day of the week and time of day you walk, Attractiveness, Length of time spent walking, Walking with or without a dog, and type of dog you walk.]



 


   


Definition


Extraneous variables are those variables that might have an impact on the other variables that we are interested in but may have failed to take into account when designing our study. 

  


  A specific type of extraneous variable is one that is correlated with both of the main variables that we are interested in. Such a variable is called a confounding variable or simply a confound. For example, let us suppose that we were interested in sex differences in the ability to throw a ball successfully through a basketball hoop. Let us assume that we have run a study and found that the cisgender men2 have scored more than the cisgender women. We might conclude from this that cisgender men are better than cisgender women at scoring in basketball. One problem with this is that there could be a potential relationship between both the gender of participants and ability to score in basketball and height. It might be that tall people are better at scoring at basketball and it also tends to be the case that cisgender men are taller than cisgender women. It thus could simply be the height of participants rather than their gender that has determined their scoring ability in our study. Height would in this case be a confounding variable.  

   


Definition


A confounding variable is a specific type of extraneous variable that is related to both of the main variables that we are interested in.

  






             


  1.4.2 Correlational designs

  We stated earlier that the major goal of science is to understand variables. More specifically, we wish to understand how and why certain variables are related to each other. Perhaps the simplest way to examine such relationships between variables is by use of correlational designs. In such a design we measure the variables of interest and then see how each variable changes in relation to the changes in the other variables. An example might help to illustrate this. A study by Ryu and Heo (2018) examined the factors relating to well-being in older Korean adults. They found, among other things, that engaging in social activities was associated with greater satisfaction with life and that engaging in physical activity was also associated with increased life satisfaction. Thus, this research showed that as social and physical activity increased so did satisfaction with life; these variables are said to co-vary. You should note that the terms ‘related’, ‘correlated’ and ‘co-varied’ are often used interchangeably.

  Another excellent example of research conducted using correlational designs is that into the relationship between smoking and cancer (e.g. Powell et al., 2013). It has generally been found that as smoking increases so does the incidence of cancer. Therefore there is a relationship between the number of cigarettes smoked and the chances of getting cancer.

  If you have used a correlational design, then the sorts of statistical technique you will probably use will be the Pearson product moment correlation coefficient, or perhaps Spearman’s rho correlation coefficient. (These are covered in Chapters 6 and 16, respectively.)

   


Definition


Correlational designs are those that investigate relationships between variables. 

  






              1.4.3 Causation

  The issue of causation is a tricky one in science and even more so when we use correlational designs. One of the important aims of science is to establish what causes things to happen. In all branches of science, researchers are trying to discover causal relationships between variables. For example, Newton produced an elegant theory to explain what causes apples to fall to the ground: he established a causal relationship between the falling apple and gravity. In much research in psychology we are also trying to establish such causal relationships. When we use correlational designs, however, it is difficult to establish whether a change in one variable causes a change in another variable. The reason for this is that in such designs we are simply observing and recording changes in variables and trying to establish whether they co-vary in some meaningful way. Because we are merely observing how variables change, it is difficult (though not impossible) to establish the causal relationships among them. To be able to do this more easily we need to be able to manipulate one variable (change it systematically) and then see what effect this has on the other variables. We will discuss this approach further in the next section.

  One of the golden rules of correlational designs is that we cannot infer causation from correlations. The smoking industry has used this weakness of correlations to claim that there is no direct evidence that smoking causes cancer. Strictly speaking, they may be correct, because the studies have mainly been correlational. But given the amount of research that has substantiated a relationship between smoking and cancer (e.g. Powell et al., 2013), one would be foolish to ignore the research and trust the people who are making a profit from selling tobacco. 

  Finding that statistics anxiety and procrastination are related (see Figure 1.3), as did Trassi et al. (2022), does not tell us much about the causal relationship between these two variables. It could be that increases in statistics anxiety cause increases in procrastination or maybe changes in procrastination cause changes in statistics anxiety. Alternatively, there might be other variables, such as neuroticism, that cause changes in both statistics anxiety and academic procrastination (see Figure 1.4). You can see, therefore, that establishing that a relationship exists between two variables does not necessarily tell us much about cause and effect. 

 


        
Figure 1.3 Relationship between statistics anxiety and procrastination

[image: A hand-drawn sketch of a boy looking at a book titled "Stat with Maths." The boy says, oh no! I think I'll read that tomorrow.]



        
Figure 1.4 Possible causal relationships between neuroticism, statistics anxiety and procrastination

[image: Neuroticism points to statistics anxiety and procrastination. Statistics anxiety and procrastination point to each other. Anxious faces represent neuroticism and statistics anxiety, and a smiling face represents procrastination.]



  Another example of this limitation in correlational designs is the relationship between anxiety and depression. It has been found in a great many studies that anxiety and depression are highly related (see Clark and Watson, 1991). People who report high levels of anxiety also tend to report high levels of depression. Could we say, then, that depression causes anxiety or anxiety causes depression? No, we could not. It is quite likely that some intervening variable links these two mood states. In fact, it has been found that anxiety and depression have a common general distress element to them and it is this that explains the large relationship between them (see Figure 1.5).

        
Figure 1.5 Illustration of the common elements shared by anxiety and depression and the absence of a causal link between them

[image: General distress points to anxiety and depression. A double-headed dashed arrow is present between anxiety and depression, indicating that there is no direct causal link here. Sad faces represent general distress, anxiety, and depression.]



  It is possible to assess causal relationships using correlational designs, but these situations are much more complex than the simple correlational designs indicated in this section and involve measuring the variables at various time points (e.g. cross-lagged designs).





             


  1.4.4 The experimental design

  In order for us to establish causal relationships between variables more easily we need to manipulate one of the variables systematically and see what affect it has on the other variables. Such a process is essentially that undertaken in experimental designs.

  One of the most widely used designs in science is the experimental design, also called the true experiment. If you think back to the typical experiment you conducted or read about in chemistry or physics at school, this epitomises the experimental design. For example, we might want to see what happens to sodium when we expose it to air and compare this with when it is exposed to water. We would observe a slow reaction in the ‘air’ condition (the shiny surface of the sodium becomes dull) and a rapid reaction in the ‘water’ condition (the sodium fizzes about the surface of the water and may ignite). In an experiment we have one variable that we are measuring (the state of the sodium), called the dependent variable, and we wish to find out what effect another variable, called the independent variable (e.g. what sodium is exposed to), has on it. The variable manipulated by the experimenter is called the independent variable (IV): that is, its value is not dependent upon (is independent of) the other variables being investigated. The other variable in such an experiment is called the dependent variable (DV). It is called the dependent variable because it is assumed to be dependent upon the value of the IV. Indeed, the purpose of the experiment is to establish or dismiss such dependence.

  We can conduct such research in psychology: for example, we could find out whether dog walking influences the number of social encounters. If we conducted this study, we could get a group of individuals and randomly allocate them to walking with a dog and walking alone. We might predict that walking with a dog would lead to more social encounters than walking alone. We have thus set up a hypothesis that we could test with statistics analyses.

   


Definition


A research hypothesis is our prediction of how specific variables might be related to one another or how groups of participants might be different from each other. 

  


  Let us assume that we have conducted the above dog-walking experiment and have found that the dog walkers have more social encounters than the walkers without dogs. It thus looks like we will have support for our prediction. However, there are a number of other factors that may have led to a difference in the number of social encounters between the two conditions (see Figure 1.2). How do we know that the difference we observe has been caused by our manipulation of the independent variable rather than one of the possible extraneous variables? 

  The answer is that we don’t know. We can, though, limit the impact of the extraneous variables upon our study by randomly allocating the participants to the conditions of our IV. By randomly allocating participants to conditions, we can reduce the probability that the two groups differ on things like shyness and attractiveness, and thus eliminate these as possible causes of the difference in number of social encounters between our groups. If we randomly allocate participants to conditions, we can be more confident in our ability to infer a causal relationship between the IV and the DV (walking with/without a dog and number of social encounters). It is this element, random allocation, that makes experimental designs so useful for determining causal relationships among variables.

  Thus, one of the major defining features of an experimental design is the random allocation of participants to conditions. To employ random allocation in the dog-walking example above, we could give each person who is participating a random number generated on a computer. We could then ask all those students whose number is below a certain number to walk with a dog and all those above the number to walk without a dog. In this way we would then have randomly allocated the participants to each of the two conditions. A good example of a study that has utilised an experimental design is one by Chan and Maglio (2019), which investigated the effects of reading about either tea or coffee on arousal. In several studies they randomly allocated participants to one of two conditions. They either read about the health benefits of tea or the health benefits of coffee. In one study they measured self-reported arousal via a questionnaire and in another they measured arousal directly using a smartphone app which measures heart rate. In both studies they found that reading about coffee led to higher arousal than reading about tea. 

 


  Of course, random allocation is most useful in controlling interpersonal factors such as shyness and anxiety. There are other factors relating to experimental design that cannot be controlled by random allocation of participants to conditions. Take another look at Figure 1.2 and you will notice that extraneous variables such as time of day and type of dog would not be controlled by random allocation of participants to conditions of the IV. These are issues that would need to be addressed through other aspects of experimental design, such as ensuring that a variety of types of dog were used in the study and that both conditions were run at the same time of day and on the same days of the week.

   


Definition


Experimental designs are those where the experimenter manipulates one variable called the independent variable (IV) to see what effect this has upon another variable called the dependent variable (DV). In experimental designs we are usually looking for differences between conditions of the IV. A hallmark of experimental designs is random allocation of participants to the conditions of the IV. 

  






              1.4.5 Quasi-experimental designs

  Often in psychology we want to look at variables that we cannot directly manipulate. If we want to compare car owners’ and non-owners’ attitudes to low traffic neighbourhoods, we cannot manipulate the group to which each participant belongs. We cannot randomly allocate participants to the car owner and non-owner conditions; they are already either an owner or a non-owner. We therefore, strictly speaking, do not have an experimental design. To highlight the fact that such designs are not strictly experimental, they are called quasi-experimental designs.

  As an example, suppose we conducted the dog-walking study above and we wanted to try to remove gender as an extraneous variable. We could conduct a follow-up study where we try to find out whether cisgender women have more social encounters when walking (without dogs) than cisgender men. You can see that in this study the participants are not randomly allocated to conditions; they were already either cisgender women or men. We thus have a quasi-experimental design. If we found that the cisgender women had more social encounters than cisgender men, then we could argue that being a cisgender woman is more likely to encourage social interaction than being a cisgender man.

  One of the problems with quasi-experiments is that because participants are not randomly allocated to the various conditions that make up the IV, we cannot be certain that our manipulation of the IV (or, should we say, pseudo-manipulation) is responsible for any differences between the various conditions. That is, it is harder to infer causation from quasi-experimental designs than from experimental designs. For instance, in the previous example, it could be that there is some other factor beyond gender that distinguishes the two groups (size, for example). It could be that cisgender women are seen as less threatening because they tend to be smaller than cisgender men. Thus, an important confounding variable has crept into our study. Because of the increased risk of extraneous and confounding variables associated with quasi-experimental designs, experimental studies are to be preferred whenever they are possible.

  If you are ever unsure whether you are dealing with an experimental or a quasi-experimental design, then look for random allocation of participants to conditions. If it is not a feature of the design, then you are most likely dealing with a quasi-experimental design.

  If you have used an experimental or a quasi-experimental design then some of the statistical techniques that are available to you are the t-test, the Mann–Whitney U test, the Wilcoxon test and analysis of variance (ANOVA). These are all covered later in this book.

 


   


Definition


Quasi-experimental designs involve seeing if there are differences on the dependent variable (DV) between conditions of the independent variable (IV). Unlike experimental designs there is no random allocation of participants to the various conditions of the IV. The conditions tend to involve what we call ‘intact groups’. 

  






            1.4.6 Overview of research designs


We have now described three major research designs and how they influence the different types of statistical analysis we can use. Table 1.2 gives a brief summary of the main features of these designs along with the types of statistical test that would be appropriate to use with such designs.

      
Table 1.2 Overview of the main features of the various research designs

[image: A table lists different designs and their characteristics and the corresponding statistical test.]

 The table consists of 3 columns and 9 rows. The headings of the columns are as follows:

Column 1, Designs. Column 2, Characteristics. Column 3, Statistical test. The row entries are as follows:

Row 1: Designs, Experimental. Characteristics, Manipulated I V. Statistical test, t-tests. 

Row 2: Designs, Experimental. Characteristics, Random allocation of participants to groups. Statistical test, A N O V A. 

Row 3: Designs, Experimental. Characteristics, Analysis by comparison between groups. Statistical test, Mann-Whitney U test. 

Row 4: Designs, Quasi-experimental. Characteristics, Pseudo-manipulation of I V. Statistical test, t-tests. 

Row 5: Designs, Quasi-experimental. Characteristics, Non-random allocation of participants. Statistical test, A N O V A. 

Row 6: Designs, Quasi-experimental. Characteristics, Analysis by comparison between groups. Statistical test, Mann-Whitney U test, Wilcoxon. 

Row 7: Designs, Correlational. Characteristics, Investigates the degree to which variables co-vary. Statistical test, Linear Regression. 

Row 8: Designs, Correlational. Characteristics, Cannot infer causation from correlations. Statistical test, Pearson's product moment correlation. 

Row 9: Designs, Correlational. Characteristics, Analysed using correlation tests. Statistical test, Spearman's rho.



 



Activity 1.2 



An interesting study was reported in 2024 by Schmidt et al. In this study they compared the effects on the mood of participants performing either ‘happy’ dance moves or ‘sad’ dance moves. The researchers recruited one group of participants and got them to imitate both happy and sad dance moves and then got them to rate their moods after each dance move. They found that when the participants imitated a happy dance move they reported more positive moods than when they imitated sad dance moves.


What sort of design is this study?

  






             


  1.5 Between-participants and within-participants designs

  Another important feature of research designs is whether you get each participant to take part in more than one condition. Suppose we return to our example of dog walking and social encounters. Here we have an experiment where the IV is whether the participants are walking a dog and the DV is the number of social encounters.

  How would you allocate participants to the conditions in such an experiment? You will recall that we suggested that the best thing to do would be to allocate participants randomly to the dog-walking and no-dog conditions. There is an alternative, however, and that is to get each participant to walk both with a dog and again without a dog.

  The former procedure is called a between-participants design (also sometimes known as an independent or unrelated design); the latter is called a within-participants design (sometimes called a repeated measures or related design). When deciding which of these designs to use, you should bear in mind the advantages and disadvantages of each.





              1.5.1 Within-participants designs

  The main advantage of using within-participants designs is that you are able to control for many inter-individual confounding variables. When you use different groups of people in each condition, you run the risk of there being some variable other than your IV that also distinguishes between your groups. You would, if this happened, potentially have a confounding variable. When you use a within-participants design, you have much greater control over such variables. Because you have the same people in all your conditions of the IV, there will be much less confounding variation between your conditions. By and large the same person will bring the same problems or qualities to all conditions of your IV.

  A second very attractive point about using within-participants designs is that you need to find fewer participants in order to complete your research. For example, if you have two conditions and you would like a minimum of 12 people per condition, you would need 24 people if you used a between-participants design, but only 12 with a within-participants design. As you can probably imagine, if you are conducting a costly piece of research, this is an important consideration.

  A final positive for within-participant designs is related to a topic that we cover in more detail in Chapter 8. Within-participant designs tend to have more statistical power than between-participant designs. That is, they are more likely to detect an effect that we are looking for in the population.

   


Definition


Within-participant designs have the same participants in every condition of the independent variable (IV). Each participant performs under all conditions in the study. 

  


  It is not, however, all rosy in the within-participants garden. If you think about the dog-walking study being run as a within-participants design, you might be able to identify some possible problems. It could be the case that, if you use the same people in both conditions, other people out walking may recognise the walkers in the study and may feel more able to approach and interact with them. Thus, in the second condition the participants may have more social encounters because of familiarity rather than whether they had a dog. They may also start to get bored or tired when completing the walk in the second condition, which may also have an effect on the number of social encounters they have. These factors are thus confounding variables and could make the data difficult to interpret. Any differences in social encounters that you find between your two conditions may be due to these factors rather than the experimental manipulation of the IV. These are called order effects.

 


   


Definition


Order effects are a consequence of within-participants designs whereby completing the conditions in a particular order leads to differences in the dependent variable that are not a result of the manipulation of the independent variable (IV). Differences between the conditions of the IV might be due to practice, fatigue or boredom rather than to the experimenter’s manipulation of the IV. 

  


  One way to eliminate order effects is to introduce counterbalancing into your design. In counterbalancing you get one half of your participants to complete the first condition followed by the second condition. You then get the other half of your participants to do the two conditions in the opposite order, second condition followed by the first condition. To introduce counterbalancing in the dog-walking study, you could get half of the participants to walk with a dog first and then without the dog. You could then get the other half of the participants to walk first without the dog and then with the dog. Any practice, fatigue or boredom effects would thus be spread across both conditions of the IV and would therefore no longer constitute a confounding variable (see Figure 1.6). You also still have each participant undertaking the walk under both conditions and have therefore retained all the advantages of using a within-participants design.

        
Figure 1.6 Illustration of the way order effects can be eliminated using counterbalancing

[image: A chart of within participants design without and with counterbalancing.]

 The chart for "Within participants design without counterbalancing" is as follows: All participants point to walking with the dog, which in turn points to walking without the dog, which finally points to all order effects in the 'no dog' condition.

The chart for "Within participants design with counterbalancing" includes two branches. Branch 1: One-half of participants point to walking with the dog, which in turn points to walking without the dog, which finally points to order effects spread evenly across both conditions.
 Branch 2: The other half of participants point to walking without the dog, which in turn points to walking with the dog, which finally points to the same order effects spread evenly across both conditions as in Branch 1.


  An interesting study by Haydon et al. (2018) investigated differences in sprinting times for elite wheelchair rugby players when either starting from standstill or when already moving. The study was also interested in comparing across different groups based upon the degree of spinal cord damage they had. For the purpose of this illustration though, we are only interested in the differences between the standing start and already moving sprint conditions. The authors inform us that ‘the players completed the tests in a counterbalanced design following a standardized warm-up prior to competition and given sufficient break between trials to ensure fatigue was not a contributing factor’ (p. 1263).

       
[image: Two horizontal flowcharts depict the processes used in a study by Haydon et al.]

 Process 1: One-half of wheelchair athletes point to starting from standstill, which in turn points to moving start.

Process 2: Other half of wheelchair athletes point to moving start, which in turn points to starting from standstill.


  Another limitation of within-participants designs is that having participants take part in both conditions means that they are more likely to realise the purpose of the experiment. This is a problem because participants usually want to do what the experimenter wants them to and so may perform how they believe they should do rather than how they would normally have done. These are called demand effects. The reason why this is more likely in a within-participants design is that each participant is exposed to more of the experimental procedure than in the equivalent between-participants design. To a certain extent counterbalancing can also reduce but not necessarily eliminate such demand effects.

 


  A further problem associated with within-participants designs is that you cannot use them in many quasi-experimental designs. For example, if you wanted to compare social encounters experienced by older and younger adults while out walking, you could not practically use a within-participants design. You cannot have one person being both older and younger at the same time and so one person cannot take part in both conditions.

   



Activity 1.3 



How would you introduce counterbalancing into the following study?


A study is conducted that tests the effects of instructions emphasising speed or those emphasising accuracy on performance in a mirror drawing task. Participants are asked to trace the outline of a star using mirror drawing equipment. The time taken to complete the tracing of the star and the number of errors are recorded. Participants are required to undertake the mirror drawing task separately under both sets of instructions.

  


   


Definition


Counterbalancing is where you systematically vary the order in which participants take part in the various conditions of the independent variable (IV). Counterbalancing would be introduced into a study where you have a within-participants design. 

  






              1.5.2 Between-participants designs

  One of the important features of between-participants designs is that because you have different groups of participants in each condition of the IV, each participant is less likely to get bored, tired or frustrated with the study. As a result, they are more likely to perform at an optimum level throughout. In a similar vein, your research is going to be less susceptible to practice effects and the participants are less likely to work out the rationale for the study. Between-participants designs therefore reduce order and demand effects, and you can, to a large extent, eliminate these factors as extraneous variables from your study.

  On the negative side, you will need more participants than you would for a completely within-participants design. Also, if you use different participants in each condition, you lose a certain degree of control over the inter-participant confounding variables. For example, suppose we conducted the dog-walking study described in the previous section as a between-participants design. What if we did find that walking a dog leads to more social encounters? As previously stated, before we can accept this at face value, we have to ensure that there are no confounding variables. An important confounding variable in such a study might be the shyness of the walkers. It could be the case that, by chance, those in the no-dog condition were more shy and therefore it could be this variable that led to the lack of social encounters. If we had done this experiment as a within-participants design, we would have been able to control this confounding variable as each person walks with and without a dog. This means that the overall level of shyness is the same under both conditions and is thus not a confounding variable.

  From the above discussion it can be seen that one of the problems of between-participants designs is that different people bring different characteristics to the experimental setting. When we are randomly allocating participants to conditions, we might, by chance, allocate all participants with one characteristic to one group, and this might confound our results. To overcome this problem we could gain measures from participants of potential compounding variables (e.g. shyness) at the start of the study and makes sure that there are no differences between the groups on these.

   


Definition


Between-participants designs have different groups of participants in each condition of the independent variable (IV). Thus, the group of participants in one condition of the IV is different from the participants in another condition of the IV. 

  


 


        
Table 1.3 Summary of the advantages and disadvantages of between- and within-participants designs

[image: A table shows the designs and their advantages and disadvantages.]

 The table consists of 3 columns and 4 rows. The headings of the columns are as follows:

 Column 1, Designs. Column 2, Advantages. Column 3, Disadvantages. The row entries are as follows:

 Row 1: Designs, Between-participants. Advantages, Relative absence of practice and fatigue effects. Disadvantages, Need fewer participants. 

 Row 2: Designs, Between-participants. Advantages, Participants less likely to work out the purpose of the study. Disadvantages, There is not as much control of confounding variables between conditions.

 Row 3: Designs, Within-participants. Advantages, Need fewer participants. Disadvantages, Increased likelihood of practice or fatigue effects. 

 Row 4: Designs, Within-participants. Advantages, Greater control of confounding variables between conditions. Disadvantages, Participants more likely to guess the purpose of the study.


  Table 1.3 gives a summary of the advantages and disadvantages of within- and between-participants designs. It should be apparent that the advantages of within-participants designs tend to be disadvantages in between-participants designs and vice versa. When deciding upon a design for some research, your decision about which to use needs to take these factors into account.

   



Activity 1.4 



How would you design a study to investigate a causal relationship between caffeine and mathematical ability?

  






             


  Summary

  In this first chapter we have introduced you to the basic concepts for an understanding of research and research design. You have learnt that:

              
	• variables vary in terms of precision; that is, they can be:
	– continuous, taking on any value within a given range (e.g. 10 or 10.2365) 

	– discrete, able to take on only certain specified values within a given range (e.g. 9 or 10)

	 – categorical, where the values that a variable can take on are categories rather than purely numerical values (e.g. gender, cisgender male or cisgender female)





	• there are three main research designs:
	– correlational designs examine relationships between variables and do not, strictly speaking, have IVs and DVs; you cannot infer causation from correlations

	– experimental designs involve the random allocation of participants to the conditions of the IV 

	– quasi-experimental designs involve investigating intact groups such as cisgender men and women and therefore do not use random allocation of participants to conditions





	• in experiments the independent variable (IV) is manipulated by the experimenter to see how it affects the dependent variable (DV)

	• between-participants designs are those where we have different participants allocated to each condition of the IV

	• within-participants designs are those where each participant is measured under all conditions of the IV.  



  Discover the website at http://go.pearson.com/uk/he/resources where you can test your knowledge with multiple choice questions and activities. 

  






             


  Multiple choice questions

                                           
Multiple choice questions

            	Which of the following constitute continuous variables?


            
	(a) Number of times a score of 180 is achieved in a darts match 

	(b) Type of occupation 

	(c) Temperature 

	(d) All of the other options



              	Experimental designs are characterised by:



            
	(a) Fewer than two conditions

	(b) No control condition

	(c) Random allocation of participants to conditions 

	(d) The same participants in all conditions



            	In a study with handedness as ‘manipulated variable’, the IV is:


            
	(a) Within participants 

	(b) Correlational 

	(c) Between participants 

	(d) None of the other options



              	Which of the following are true of correlational designs?



            
	(a) They have a manipulated IV

	(b) They look at relationships between variables

	(c) You can infer causation from correlations

	(d) They examine differences between conditions



            	Which of the following could be considered as categorical variables?


            
	(a) Occupation 

	(b) Brand of baked beans 

	(c) Hair colour

	(d) All of the other options



              	Between-participants designs can be:



              
	(a) Either quasi-experimental or experimental 

	(b) Only experimental 

	(c) Only quasi-experimental

	(d) Only correlational




              	Which of the following statements are true of experiments?



            
	(a) The IV is manipulated by the experimenter 

	(b) The DV is assumed to be independent of the IV 

	(c) They are difficult to conduct 

	(d) They examine the correlation between the variables



            	Quasi-experimental designs have:


            
	(a) An IV and a DV 

	(b) Random allocation of participants to conditions 

	(c) No IV or DV 

	(d) The same participants in both conditions



            	A continuous variable can be described as:


            
	(a) Able to take only certain discrete values within a range of scores 

	(b) Able to take any value within a range of scores 

	(c) Being made up of categories

	(d) None of the other options



              	Which of the following are problems associated with within-participants designs?



            
	(a) There is an increased likelihood of practice or fatigue effects 

	(b) Participants are less likely to guess the nature of the experiment 

	(c) They can be used with quasi-experimental designs

	(d) All of the other options



            	According to Streiner (2002), how efficient are studies that dichotomise continuous variables when compared with studies that do not?


            
	(a) 100% 

	(b) 95% 

	(c) 67% 

	(d) 50%



              	A researcher has just conducted a correlational study investigating the relationship between the amount of alcohol drunk by fans of the home team before a football match and the number of goals scored by the home team. They found that there was a relationship between the two variables. Which of the following statements are valid? 



            
	(a) The amount of alcohol drunk was related to the home team’s ability to score goals, but we cannot say it caused the team to score the goals

	(b) The home team’s ability to score goals is related not to the amount of alcohol but to the amount of cheering by the drunken fans

	(c) The increase in the amount of alcohol drunk caused an increase in the number of goals scored

	(d) There were no goals scored and so there was no cheering



            	In a within-participants design with two conditions, if you do not use counterbalancing of the conditions then your study is likely to suffer from: 


            
	(a) Order effects 

	(b) Effects of time of day 

	(c) Lack of participants

	(d) Unequal sample sizes



            	You have conducted a study that shows that the earlier people get up, the more work they get done. Which of the following are valid conclusions?


            
	(a) There is not necessarily a causal relationship between getting up early and amount of work done 

	(b) People who get up early have a need to get more work done 

	(c) Getting up early is the cause of getting more work done 

	(d) The people who get up early go to bed early



            	Which of the following designs is least likely to enable us to establish causal relationships between variables?


              
	 (a) Experimental design 

	(b) Quasi-experimental design 

	(c) Correlational design 

	(d) Within-participants design




              	Demand effects are possible confounding variables where:



            
	(a) Participants behave in the way they think the experimenter wants them to behave

	(b) Participants perform poorly because they are tired or bored

	(c) Participants perform well because they have practised the experimental task

	(d) Participants demand to withdraw from the study



            	Suppose you wanted to conduct a study to see if individuals with depression bite their nails more than individuals without depression. Which of the following would be the best way to proceed?


            
	(a) Measure depression in participants with a questionnaire and ask them to give a rating of how much they bite their nails. Then classify participants as ‘with depression’ or ‘without depression’ on the basis of their questionnaire scores. We could then see if there was a difference in how much they bit their nails

	(b) Measure depression in participants with a questionnaire and ask themto give a rating of how much they bite their nails. We could then see if there was a relationship between their scores on the depression questionnaire and the ratings for nail biting

	(c) This sort of study is impossible to carry out and so we couldn’t proceed with it

	(d) None of the other options



            	Which of the following might be suitable IVs in a quasi-experimental study?


            
	(a) Olympic sporting event-type 

	(b) Whether or not someone had Generalised Anxiety Disorder 

	(c) Students versus non-students 

	(d) All of the other options



              	In within-participants designs, order effects occur when:



            
	(a) Participants get tired in later conditions

	(b) Participants perform equally well in all conditions

	(c) Participants have trouble obtaining their food at fast food restaurants

	(d) Participants change the order in which they take part in the conditions



            	Which of the following are problems associated with dichotomising continuous variables?


            
	(a) Too much of an increase in experimental power 

	(b) Spurious effects may occur 

	(c) Dichotomising is very difficult to undertake 

	(d) All of the other options
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OEBPS/js/highlightjs-line-numbers.js
// jshint multistr:true

(function (w, d) {
    'use strict';

    var TABLE_NAME = 'hljs-ln',
        LINE_NAME = 'hljs-ln-line',
        CODE_BLOCK_NAME = 'hljs-ln-code',
        NUMBERS_BLOCK_NAME = 'hljs-ln-numbers',
        NUMBER_LINE_NAME = 'hljs-ln-n',
        DATA_ATTR_NAME = 'data-line-number',
        BREAK_LINE_REGEXP = /\r\n|\r|\n/g;

    if (w.hljs) {
        w.hljs.initLineNumbersOnLoad = initLineNumbersOnLoad;
        w.hljs.lineNumbersBlock = lineNumbersBlock;
        w.hljs.lineNumbersValue = lineNumbersValue;

        addStyles();
    } else {
        w.console.error('highlight.js not detected!');
    }

    function isHljsLnCodeDescendant(domElt) {
        var curElt = domElt;
        while (curElt) {
            if (curElt.className && curElt.className.indexOf('hljs-ln-code') !== -1) {
                return true;
            }
            curElt = curElt.parentNode;
        }
        return false;
    }

    function getHljsLnTable(hljsLnDomElt) {
        var curElt = hljsLnDomElt;
        while (curElt.nodeName !== 'TABLE') {
            curElt = curElt.parentNode;
        }
        return curElt;
    }

    // Function to workaround a copy issue with Microsoft Edge.
    // Due to hljs-ln wrapping the lines of code inside a <table> element,
    // itself wrapped inside a <pre> element, window.getSelection().toString()
    // does not contain any line breaks. So we need to get them back using the
    // rendered code in the DOM as reference.
    function edgeGetSelectedCodeLines(selection) {
        // current selected text without line breaks
        var selectionText = selection.toString();

        // get the <td> element wrapping the first line of selected code
        var tdAnchor = selection.anchorNode;
        while (tdAnchor.nodeName !== 'TD') {
            tdAnchor = tdAnchor.parentNode;
        }

        // get the <td> element wrapping the last line of selected code
        var tdFocus = selection.focusNode;
        while (tdFocus.nodeName !== 'TD') {
            tdFocus = tdFocus.parentNode;
        }

        // extract line numbers
        var firstLineNumber = parseInt(tdAnchor.dataset.lineNumber);
        var lastLineNumber = parseInt(tdFocus.dataset.lineNumber);

        // multi-lines copied case
        if (firstLineNumber != lastLineNumber) {

            var firstLineText = tdAnchor.textContent;
            var lastLineText = tdFocus.textContent;

            // if the selection was made backward, swap values
            if (firstLineNumber > lastLineNumber) {
                var tmp = firstLineNumber;
                firstLineNumber = lastLineNumber;
                lastLineNumber = tmp;
                tmp = firstLineText;
                firstLineText = lastLineText;
                lastLineText = tmp;
            }

            // discard not copied characters in first line
            while (selectionText.indexOf(firstLineText) !== 0) {
                firstLineText = firstLineText.slice(1);
            }

            // discard not copied characters in last line
            while (selectionText.lastIndexOf(lastLineText) === -1) {
                lastLineText = lastLineText.slice(0, -1);
            }

            // reconstruct and return the real copied text
            var selectedText = firstLineText;
            var hljsLnTable = getHljsLnTable(tdAnchor);
            for (var i = firstLineNumber + 1 ; i < lastLineNumber ; ++i) {
                var codeLineSel = format('.{0}[{1}="{2}"]', [CODE_BLOCK_NAME, DATA_ATTR_NAME, i]);
                var codeLineElt = hljsLnTable.querySelector(codeLineSel);
                selectedText += '\n' + codeLineElt.textContent;
            }
            selectedText += '\n' + lastLineText;
            return selectedText;
        // single copied line case
        } else {
            return selectionText;
        }
    }

    // ensure consistent code copy/paste behavior across all browsers
    // (see https://github.com/wcoder/highlightjs-line-numbers.js/issues/51)
    document.addEventListener('copy', function(e) {
        // get current selection
        var selection = window.getSelection();
        // override behavior when one wants to copy line of codes
        if (isHljsLnCodeDescendant(selection.anchorNode)) {
            var selectionText;
            // workaround an issue with Microsoft Edge as copied line breaks
            // are removed otherwise from the selection string
            if (window.navigator.userAgent.indexOf('Edge') !== -1) {
                selectionText = edgeGetSelectedCodeLines(selection);
            } else {
                // other browsers can directly use the selection string
                selectionText = selection.toString();
            }
            e.clipboardData.setData('text/plain', selectionText);
            e.preventDefault();
        }
    });

    function addStyles () {
        var css = d.createElement('style');
        css.type = 'text/css';
        css.innerHTML = format(
            '.{0}{border-collapse:collapse}' +
            '.{0} td{padding:0}' +
            '.{1}:before{content:attr({2})}',
        [
            TABLE_NAME,
            NUMBER_LINE_NAME,
            DATA_ATTR_NAME
        ]);
        d.getElementsByTagName('head')[0].appendChild(css);
    }

    function initLineNumbersOnLoad (options) {
        if (d.readyState === 'interactive' || d.readyState === 'complete') {
            documentReady(options);
        } else {
            w.addEventListener('DOMContentLoaded', function () {
                documentReady(options);
            });
        }
    }

    function documentReady (options) {
        try {
            var blocks = d.querySelectorAll('code.hljs,code.nohighlight');

            for (var i in blocks) {
                if (blocks.hasOwnProperty(i)) {
                    if (!isPluginDisabledForBlock(blocks[i])) {
                        lineNumbersBlock(blocks[i], options);
                    }
                }
            }
        } catch (e) {
            w.console.error('LineNumbers error: ', e);
        }
    }

    function isPluginDisabledForBlock(element) {
        return element.classList.contains('nohljsln');
    }

    function lineNumbersBlock (element, options) {
        if (typeof element !== 'object') return;

        async(function () {
            element.innerHTML = lineNumbersInternal(element, options);
        });
    }

    function lineNumbersValue (value, options) {
        if (typeof value !== 'string') return;

        var element = document.createElement('code')
        element.innerHTML = value

        return lineNumbersInternal(element, options);
    }

    function lineNumbersInternal (element, options) {

        var internalOptions = mapOptions(element, options);

        duplicateMultilineNodes(element);

        return addLineNumbersBlockFor(element.innerHTML, internalOptions);
    }

    function addLineNumbersBlockFor (inputHtml, options) {
        var lines = getLines(inputHtml);

        // if last line contains only carriage return remove it
        if (lines[lines.length-1].trim() === '') {
            lines.pop();
        }

        if (lines.length > 1 || options.singleLine) {
            var html = '';

            for (var i = 0, l = lines.length; i < l; i++) {
                html += format(
                    '<tr>' +
                        '<td class="{0} {1}" {3}="{5}">' +
                            '<div class="{2}" {3}="{5}"></div>' +
                        '</td>' +
                        '<td class="{0} {4}" {3}="{5}">' +
                            '{6}' +
                        '</td>' +
                    '</tr>',
                [
                    LINE_NAME,
                    NUMBERS_BLOCK_NAME,
                    NUMBER_LINE_NAME,
                    DATA_ATTR_NAME,
                    CODE_BLOCK_NAME,
                    i + options.startFrom,
                    lines[i].length > 0 ? lines[i] : ' '
                ]);
            }

            return format('<table class="{0}">{1}</table>', [ TABLE_NAME, html ]);
        }

        return inputHtml;
    }

    /**
     * @param {HTMLElement} element Code block.
     * @param {Object} options External API options.
     * @returns {Object} Internal API options.
     */
    function mapOptions (element, options) {
        options = options || {};
        return {
            singleLine: getSingleLineOption(options),
            startFrom: getStartFromOption(element, options)
        };
    }

    function getSingleLineOption (options) {
        var defaultValue = false;
        if (!!options.singleLine) {
            return options.singleLine;
        }
        return defaultValue;
    }

    function getStartFromOption (element, options) {
        var defaultValue = 1;
        var startFrom = defaultValue;

        if (isFinite(options.startFrom)) {
            startFrom = options.startFrom;
        }

        // can be overridden because local option is priority
        var value = getAttribute(element, 'data-ln-start-from');
        if (value !== null) {
            startFrom = toNumber(value, defaultValue);
        }

        return startFrom;
    }

    /**
     * Recursive method for fix multi-line elements implementation in highlight.js
     * Doing deep passage on child nodes.
     * @param {HTMLElement} element
     */
    function duplicateMultilineNodes (element) {
        var nodes = element.childNodes;
        for (var node in nodes) {
            if (nodes.hasOwnProperty(node)) {
                var child = nodes[node];
                if (getLinesCount(child.textContent) > 0) {
                    if (child.childNodes.length > 0) {
                        duplicateMultilineNodes(child);
                    } else {
                        duplicateMultilineNode(child.parentNode);
                    }
                }
            }
        }
    }

    /**
     * Method for fix multi-line elements implementation in highlight.js
     * @param {HTMLElement} element
     */
    function duplicateMultilineNode (element) {
        var className = element.className;

        if ( ! /hljs-/.test(className)) return;

        var lines = getLines(element.innerHTML);

        for (var i = 0, result = ''; i < lines.length; i++) {
            var lineText = lines[i].length > 0 ? lines[i] : ' ';
            result += format('<span class="{0}">{1}</span>\n', [ className,  lineText ]);
        }

        element.innerHTML = result.trim();
    }

    function getLines (text) {
        if (text.length === 0) return [];
        return text.split(BREAK_LINE_REGEXP);
    }

    function getLinesCount (text) {
        return (text.trim().match(BREAK_LINE_REGEXP) || []).length;
    }

    ///
    /// HELPERS
    ///

    function async (func) {
        w.setTimeout(func, 0);
    }

    /**
     * {@link https://wcoder.github.io/notes/string-format-for-string-formating-in-javascript}
     * @param {string} format
     * @param {array} args
     */
    function format (format, args) {
        return format.replace(/\{(\d+)\}/g, function(m, n){
            return args[n] !== undefined ? args[n] : m;
        });
    }

    /**
     * @param {HTMLElement} element Code block.
     * @param {String} attrName Attribute name.
     * @returns {String} Attribute value or empty.
     */
    function getAttribute (element, attrName) {
        return element.hasAttribute(attrName) ? element.getAttribute(attrName) : null;
    }

    /**
     * @param {String} str Source string.
     * @param {Number} fallback Fallback value.
     * @returns Parsed number or fallback value.
     */
    function toNumber (str, fallback) {
        if (!str) return fallback;
        var number = Number(str);
        return isFinite(number) ? number : fallback;
    }

}(window, document));






OEBPS/js/script.js
let ShowHideAction_Elements = document.querySelectorAll('.divWidgetShowHideQuestionText');

ShowHideAction_Elements.forEach(element => {
    element.addEventListener("click", () =>{
        let hide_element = element.parentElement.querySelector('.divWidgetShowHideAnswerText')
        hide_element.style.display = hide_element.style.display === 'block' ? 'none' : 'block';
        element.classList.toggle("active")

    });
    
});
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