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Introduction



Introduction For those of you who are studying this course as part of the BSc Information Systems, IS1060 Introduction to information systems provided you with a broad understanding of information systems within an organisational and societal context. Now that you have studied it, we are sure you appreciate that contemporary information systems have substantial technical components. These can include facilities for gathering, storing, retrieving, processing, analysing and transmitting information. Such technical components are often described as information and communication technologies (ICTs). Note that some definitions of ICTs emphasise that ICTs signify the convergence of information technology, telecommunications and data networking technologies into a single technology. However, in the present it is hard to find information technology (IT) that does not include – or at least allow – a communication element. Even simple database systems like Microsoft Access, which may be used by individual users on a single PC, could be distributed. ICTs are not only pervasive in many organisations (for example, your college, university or a local bank) but are also increasingly present in our daily lives (when, for example, you communicate with friends and family via email or download music onto an iPod, you are using ICT). We therefore use ICT in this broader sense (i.e. as a collection of information and communication technologies). Most of the various ICTs that are deployed in the information systems of modern organisations are studied by dedicated disciplines, such as software engineering, telecommunications, networks, databases, humancomputer interaction and others. Information systems, however, should not be considered as a collection of isolated component parts. For example, if you consider applications such as an online booking system for a travel agent, an accounting system for a large enterprise or even a web-based search engine, it is important to think about how the data of the application is stored and accessed from a remote location, and how the interface to the application could be designed so that it allows users to access the underlying functionality easily. This course will consider three key themes of information systems development, addressed by the disciplines of human–computer interaction, databases and distributed multimedia systems. Collectively, we call this course Information and communication technologies: principles and perspectives. It is therefore the aim of this course to introduce each of these elements and their inter-relationships to further develop the concept of information systems. Whereas the above disciplines are themselves distinct areas of research, they are linked together. For example, interface design relies on underlying database technologies to enable any functionality and, conversely, in order to make use of the information within databases, they need to have an interface for users to be able to access them. Networks provide the underlying architecture for the large proportion of organisational information systems. Yet in order to enable access to data held on distributed systems, this needs to be contained within some form of database accessible to users through a computer interface. This clearly demonstrates the key challenge within information systems: integration of human and technical aspects.



1



IS2138 Information and communication technologies: principles and perspectives



Those of you studying for the BSc Information systems and management should remember that in your degree you are not specialising in the engineering of technologies, but in the way people can develop, use and manage technology applications in the context of an organisation or in their lives. You do not therefore need to study (and it is not possible to do so in one module) particular technologies in depth. Yet it is important to have a degree of working knowledge and to understand some of the fundamentals of information and communication technologies. For example, it would be difficult to structure and manage information systems development projects which involve the production of software without having some knowledge of HCI and databases. To design, implement and manage the majority of organisational systems and systems that reach out beyond organisational boundaries you need to understand how networks work.



Syllabus There are three topics in this course. However, rather than approaching these as separate, individual themes, this course presents them as a single, integrated topic that will assist you in the creation of ICT supported applications. This course therefore considers these topics to be key elements of ICTs. These are: Human–computer interaction (HCI): This will introduce you to HCI and interactive systems design from an ICT perspective and show how issues in HCI are fundamental to good ICT design. It will examine how issues for interactive systems design arise from the psychological, social and organisational context of interaction. Current research issues in HCI will be considered where they impact on the use and future development of ICTs; notably, this will cover issues in mobile and pervasive computing, social media and social networking. In order to design effective interactive systems around these contexts, a detailed review of the tools and techniques for interaction design will be considered, covering user-centred design, prototyping and usability evaluation. Databases: This aims to provide you with an understanding of the main issues related to data modelling, storage and manipulation as employed in database systems. The subject will mainly focus on the theory and practice of the relational model. It will also discuss the challenges of managing databases, and recent and emerging trends in database systems. Distributed multimedia systems: In ICTs, communication and the media through which it is achieved are fundamental. This element aims to provide you with an understanding of the main issues involved in the digitisation, storage and transmission of digital media to an everincreasing array of devices via a diversity of communication pathways. The increasingly mobile nature of such pathways leads to the possibility of building context-aware applications and we shall be looking at the challenges and opportunities that such applications provide. Last, but not least, security is an important aspect of networked communication, and we shall also be covering its main principles and safeguards.



Aims The main aims of this course are to: • introduce three key complementary elements of ICT in an integrated manner 2
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• develop an understanding of how ICTs can be designed to be as usable as possible by studying the field of human–computer interaction • develop an understanding of how data can be represented and stored in an ICT by studying the theory and application of databases • develop an understanding of how ICT applications use networking technology to communicate.



Learning outcomes At the end of this course, and having completed the Essential reading and activities, you should be able to: • describe the increasing role of interactive systems in computing and systems design • describe the key cognitive, social and organisational concepts that underpin how humans interact with information technology • discuss various theoretical and practical approaches to HCI • identify important technology developments in the domain • show an awareness of the HCI viewpoint that places the user at the centre of the design • explain and apply a variety of approaches to HCI design, showing an understanding of their benefits and drawbacks within the design process • apply appropriate user-centred design process and methods (e.g. iterative prototyping, usability evaluation, user centred design) to assess and alleviate any problems their users face • demonstrate understanding of key concepts and applications associated with the tree-level ANSI-SPARC architecture, DBMS, multiuser DBMS architectures, relational and object-oriented data models • employ conceptual data modelling techniques for the specification of data requirements and evaluate which are most appropriate to given application problems • describe key elements of a database language and demonstrate how these are used to manipulate data in a database • discuss challenges faced in designing and managing databases, including security and transaction management • demonstrate an understanding of key issues and technologies involved in business intelligence • describe the fundamental requirements of a successful distributed multimedia system • discuss how distributed multimedia systems might be designed and implemented, highlighting the major problems that are involved in operating and inter-operating distributed multimedia systems • identify and explain the fundamentals of a range of multimedia technologies and systems • discuss the principles and requirements of secure communications • describe and contrast the use of Public and Private Key Cryptography in secure communications.
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How to use this subject guide You will see that although all three themes of this guide are technical, they are not restricted to describing technical features and the formallogical rules underpinning technologies. These are not computer science subjects concerned with the development of technologies in a laboratory form. IS2138 Information and communication technologies: principles and perspectives is concerned with the development of technology applications for use in real-life contexts. In this sense, even the most technical tasks of computers and telecommunications have to take into account the human and organisational context within which these technologies are used. The technical expert has to combine knowledge and skills of technology with the ability to make sense of the human context that sustains the development process, and the use of its outcome. So, for example, the development of successful database applications requires an understanding of the nature of the data to be handled, their meaning and their use within an organisational context. Networks can only be useful if they provide for the communication requirements of their context, and the design of human–computer interfaces requires in-depth understanding of in-context human interaction. Each of the topics is a major academic area with its own research tradition and disciplinary norms, and the three sections of this subject guide have been written by different authors, all of whom are academic experts in each of the areas. Thus the three sections vary slightly in terms of style of presentation and, more significantly, learning requirements and outcomes. After you get a general sense from this introduction of what IS2138 Information and communication technologies: principles and perspectives is about, turn to the relevant sections of the subject guide. Carefully follow the advice they include for you to study for the topics of your choice. While doing so, however, remember that the three topics are interlinked and should not be considered as being independent of one another.



How the guide is structured Although the course is divided into three subject areas, the organisation of the guide follows a common structure to allow easy reference and search and it includes a common case study running through the subject guide, demonstrating the interlinked nature of these different sections. At the start of each part you will find an introduction, like this one, which lays out the information you will need to prepare to study that topic. For example, you will find a list of the books you will need, a list of the aims and learning outcomes of that particular part, and also some discussion of the topic as a whole. Within each part, you will find a number of chapters on different topics. For each chapter you will find a list of Essential reading and, usually, a list of Further reading. As a minimum, you should read the Essential reading for each part and as much of the Further reading as you can. You may also come across lists of ‘References cited’. This will give you details of the references cited within the chapters, so that you can follow up any topics you are particularly interested in. Within the chapters you will also find activities. These are intended to help you engage with the material and do some work on it yourself. Research has shown that learning has to be active, so students have to do more than read in order for learning to be effective. Not only should you be taking 4
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notes and looking up references, but you should also do the activities as they will help you to understand what you have been reading. At the start and end of each chapter you will find a list of Learning outcomes. These are intended to be a checklist of points to help you check whether you have accomplished the goals the authors have set for you. If there are any points you are unsure about, you should go back and review the relevant sections within the chapter until you are sure you have fully grasped what the author intended. Finally, you will find Sample examination questions at the end of the various chapters of Parts 1, 2 and 3. As this subject is entirely examinationbased you must familiarise yourself with the various types of questions. Use the example questions as part of your revision and test yourself.



Case study Throughout the subject guide we have used a case study to illustrate the material. It has a dual role. First, it will provide a real life example which will help you to connect with abstract knowledge presented in the guide. Secondly, it will link the three elements, helping to emphasise that these are interlinked and that the development of information systems usually requires consideration of HCI, database and networking issues. The case study chosen is an online bookstore ‘ABCbookshop.com’, a fictitious organisation with characteristics that are common to many online retailers, and facing the same sorts of design problems, networking challenges and organisational issues as many real organisations. ABCbookshop.com allows users to browse, search, read and purchase books, as well as view and update their account details. The three themes of the module impact on all these aspects of ABCbookshop.com in the following ways: • details of books and customers are stored in databases and these must be accessed in a fast and efficient manner • navigation and browsing must be easy to do and intuitive, otherwise customers will leave the website of ABCbookshop.com, thereby raising HCI issues • all the data that passes from the ABCbookshop.com website must be communicated in a fast and secure manner to the outside world, thus posing networking challenges. Each part of the guide will discuss such issues in more depth. Indeed, many organisations similar to ABCbookshop.com can be found on the web and students are encouraged to look at the websites of amazon.com and barnesandnoble.com to see how such websites operate.



Essential reading Connolly, T.M. and C.E. Begg Database Systems: A Practical Approach to Design, Implementation and Management. (Harlow: Addison-Wesley, 2010) fifth edition [ISBN 9780321523068]. Halsall, F. Multimedia Communication: Applications, Networks, Protocols and Standards. (Wokingham: Addison-Wesley, 2001) first edition [ISBN 9780201398182]. This textbook is now out of print. If you can obtain a copy of this textbook, however, then you should refer to Chapters 1 and 2 of it. If you cannot obtain a copy of this textbook in a library, you should instead refer to: Chapman, N. and J. Chapman Digital Multimedia. (Chichester: Wiley, 2009) third edition [ISBN 9780470512166] Chapters 2 and 5−9. 5



IS2138 Information and communication technologies: principles and perspectives Kurose, J.F. and K.W. Ross Computer Networking: A Top-Down Approach. (Wokingham: Addison-Wesley, 2012) sixth edition [ISBN 9780273768968]. You should attempt to purchase this newer edition, if possible. Sharp, H., Y. Rogers and J. Preece Interaction Design: Beyond Human−Computer Interaction. (New York: Wiley, 2011) third edition [ISBN 9780470665763].



Detailed reading references in this subject guide refer to the editions of the set textbooks listed above. New editions of one or more of these textbooks may have been published by the time you study this course. You should use a more recent edition of any of the books; use the detailed chapter and section headings and the index to identify relevant readings. Also check the virtual learning environment (VLE) regularly for updated guidance on readings. You will find advice on what book(s) you need to buy or otherwise have access to at the beginning of each of the parts and chapters of this guide.



Further reading Please note that as long as you read the Essential reading you are then free to read around the subject area in any text, paper or online resource. You will need to support your learning by reading as widely as possible and by thinking about how these principles apply in the real world. To help you read extensively, you have free access to the VLE and University of London Online Library (see below). You will find lists of Further reading at the beginning of each part and each chapter. Other useful texts for this course include: Baecker, R.M. (ed.) Readings in Groupware and Computer-Supported Cooperative Work: Assisting Human-Human Collaboration. (San Mateo: Morgan Kaufmann, 1993) [ISBN 9781558602410]. Comer, D.E. Computer Networks and Internets. (Upper Saddle River, NJ: Prentice Hall, 2008) fifth edition [ISBN 9780136066989]. Coulouris, G., J. Dollimore and T. Kindberg Distributed Systems: Concepts and Design. (Wokingham: Addison-Wesley, 2011) fifth edition [ISBN 9780132143011]. Date, C.J. An Introduction to Database Systems. (London: Pearson AddisonWesley, 2004) eighth edition [ISBN 9780321197849]. Dix, A., J. Finlay, G. Abowd and R. Beale Human–Computer Interaction. (Hemel Hempstead: Prentice Hall, 2004) third edition [ISBN 9780130461094]. Eysenck, M.W. and M.T. Keane Cognitive Psychology: A Student’s Handbook. (Hillsdale, NJ: L. Erlbaum Associates, 2010) sixth edition [ISBN 9781841695402]. Greenhalgh, C. Large Scale Collaborative Virtual Environments. (Berlin; New York: Springer, 1999) [ISBN 9781852331481]. Hoffer, J.A., V. Ramesh and H. Topi Modern Database Management. (Upper Saddle River, NJ: Prentice Hall, 2011) tenth edition [ISBN 9781408264317]. Newman, W.M. and M.G. Lamming Interactive System Design. (Wokingham: Addison-Wesley, 1995) [ISBN 9780201631623]. Norman, D. The Psychology of Everyday Things. (Cambridge, MA: MIT Press, 1988) [ISBN 9780465067091]. Oravec, J.A. Virtual Individuals, Virtual Groups: Human Dimensions of Groupware and Computer Networking. (Cambridge: Cambridge University Press, 1996) [ISBN 9780521454933]. Ramakrishnan, R. and J. Gehrke Database Management Systems. (London: McGraw-Hill, 2002) third edition [ISBN 9780072465631]. 6



Introduction Stallings, W. Data and Computer Communications. (New Jersey: Prentice Hall, 2010) ninth edition [ISBN 9780132172172]. Stallings, W. Network Security Essentials: Applications and Standards. (New Jersey: Prentice Hall, 2010) fourth edition [ISBN 9780136108054].



Online study resources In addition to the subject guide and the Essential reading, it is crucial that you take advantage of the study resources that are available online for this course, including the VLE and the Online Library. You can access the VLE, the Online Library and your University of London email account via the Student Portal at: http://my.londoninternational.ac.uk You should have received your login details for the Student Portal with your official offer, which was emailed to the address that you gave on your application form. You have probably already logged in to the Student Portal in order to register. As soon as you registered, you will automatically have been granted access to the VLE, Online Library and your fully functional University of London email account. If you have forgotten these login details, please click on the ‘Forgotten your password’ link on the login page.



The VLE The VLE, which complements this subject guide, has been designed to enhance your learning experience, providing additional support and a sense of community. It forms an important part of your study experience with the University of London and you should access it regularly. The VLE provides a range of resources for EMFSS courses: • Self-testing activities: Doing these allows you to test your own understanding of subject material. • Electronic study materials: The printed materials that you receive from the University of London are available to download, including updated reading lists and references. Note that colour versions of some of the diagrams in the subject guide are available in the electronic version; you may find them easier to read in this format. • Past examination papers and Examiners’ commentaries: These provide advice on how each examination question might best be answered. • A student discussion forum: This is an open space for you to discuss interests and experiences, seek support from your peers, work collaboratively to solve problems and discuss subject material. • Videos: There are recorded academic introductions to the subject, interviews and debates and, for some courses, audio-visual tutorials and conclusions. • Recorded lectures: For some courses, where appropriate, the sessions from previous years’ study weekends have been recorded and made available. • Study skills: Expert advice on preparing for examinations and developing your digital literacy skills. • Feedback forms. Some of these resources are available for certain courses only, but we are expanding our provision all the time and you should check the VLE regularly for updates. 7
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Making use of the Online Library The Online Library contains a huge array of journal articles and other resources to help you read widely and extensively. To access the majority of resources via the Online Library you will either need to use your University of London Student Portal login details, or you will be required to register and use an Athens login: http://tinyurl.com/ollathens The easiest way to locate relevant content and journal articles in the Online Library is to use the Summon search engine. If you are having trouble finding an article listed in a reading list, try removing any punctuation from the title, such as single quotation marks, question marks and colons. For further advice, please see the online help pages: www.external.shl.lon.ac.uk/summon/about.php



The examination and examination advice Important: the information and advice given here are based on the examination structure used at the time this guide was written. Please note that subject guides may be used for several years. Because of this we strongly advise you to always check both the current Regulations for relevant information about the examination, and the VLE where you should be advised of any forthcoming changes. You should also carefully check the rubric/instructions on the paper you actually sit and follow those instructions. The examination will be a three-hour unseen written examination. You will find a full Sample examination paper at the end of this subject guide. The intention of the examination is to assess your understanding of the topic area. It is not to test what you remember from the subject guide and books but to see whether you have understood them, can write about them knowledgeably and can apply your knowledge to problems. The kind of questions you will face and the approach required by each topic will become clearer when you go through the sections in this subject guide. One of the best ways of revising is to use the examples in the text. Work through them to see if you understand what has been covered in the chapter. Similarly, the case study materials at the end of each chapter contextualise what has been discussed in the chapter and should show how this often abstract knowledge is, in reality, an important and real concern for organisations such as ABCbookshop.com. Do not just skim – read the chapters carefully and try to memorise parts that you think will come up. The best way to learn about and develop a deep understanding of these topics is to work through problems actively. Plan your work well ahead to avoid interference with other events. Leave a few weeks clear of other commitments before the examination. Individual students may need a different amount of time to learn the material in this course. As a guide, the absolute minimum time required for the study of this course is six hours each week over an average academic year (30 weeks) but we would recommend eight hours per week. You will need to do the readings for all the subjects as well as the practical exercises. Allocating time for each subject according to your needs allows you to balance your workload for subjects in which you believe you are strong against those in which you are not. Do not ignore your weaker areas.
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Try not to leave all your revision until just before the examination as unexpected things can, and often do, occur at these times. Do not revise too intensively just before the examination as it may overtire you. Finally, remember that the primary interest of the Examiners is not a test of your memory, but of your understanding of the subject. Good Luck! Remember, it is important to check the VLE for: • up-to-date information on examination and assessment arrangements for this course • where available, past examination papers and Examiners’ commentaries for the course which give advice on how each question might best be answered.



9



IS2138 Information and communication technologies: principles and perspectives



Notes



10



Part 1: Human–computer interaction



Part 1: Human–computer interaction Introduction In this part of the course we will look at the use and design of interactive systems. These range from personal applications, like word processors and spreadsheets, to specialist systems designed around the needs of individual businesses and industries, such as control software for manufacturing plants. Not all of these systems are obviously computers. For example, this subject area covers the interfaces to devices with microprocessors, such as mobile telephones, computer games, video players and so on. Focusing on the human interface issues that are central to the design of these interactive systems, we will introduce and develop concepts that enable the design of effective interactive systems. At its core, this topic takes the user interface as the focus of interaction with these devices. The module will provide a broad introduction to the human aspects of interactive system design, the basic technologies that are commonly employed, issues of design and design support. The content of the HCI part of the course is highly multi-disciplinary, drawing from a number of academic disciplines to provide a substantial knowledge set and approaches with which to inform the process of interaction design. In this respect, HCI contains elements of theory and practice, in understanding how humans interact with computers and, through computers, with each other, and how we can best draw implications from this knowledge to improve and support the design of interactive systems. As a design discipline, HCI is rapidly changing and advancing as a topic, as can be seen through recent developments in the rise of social media, including user-generated content and social networking (e.g. Flickr, Twitter, Facebook, Wikipedia), mobile (e.g. Apple’s iPhone and Google’s Android) and ubiquitous computing (e.g. Steelcase’s RoomWizard and Microsoft Surface). While the HCI component of this unit is a not a technical course in the sense of building software, it considers how interactive systems should be configured together and how these elements can be combined to produce usable and useful technologies to support users. This chapter lists the aims of the course, moving on from the human element to discuss and develop this to cover important interaction technologies and interaction design techniques. The chapter also emphasises that the focus of this course is not so much on the appearance of the computer interface, but on understanding what people do, why they act in the way that they do and only then how we can support them.



How to use Part 1 of this guide As you study this topic you will be encouraged to explore the issues raised in it, building on your existing and developing knowledge. This will offer you the opportunity to appreciate the broader human and organisational contexts of systems design that are often ignored, and which make HCI a complex and challenging socio-technical discipline. This part of the course covers the wide range of research findings, methods, techniques and tools for the design of interactive systems that have been developed during the last twenty years or so that the research discipline of HCI has existed. Obviously, given the time you have available 11
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you will not become fully proficient in the area, but this component will allow you to know what it is important to know, when to apply certain techniques and where to find out more about areas that you will know to be relevant when you encounter them. This part of the course is not primarily intended to train you in interface design techniques. Rather, it attempts to present you with a particular perspective, i.e. that the problems of interactive systems and their use are human rather than technological and that their solutions require an approach that is sensitive to the human dimension of interaction. This perspective is usually called user-centred design, although more recently it has also been called interaction design. Considering interactive systems design and use from a user-centred design perspective is complex, but essentially it involves considering three broad themes around which this part is organised. • Theme one provides an introduction to the human dimension of HCI, which forms the focus of the module. • Theme two introduces the technologies that are commonly used in systems design. • Theme three explores the major features of interactive system design.



Aims This chapter introduces HCI and the human–computer interface, stressing the importance of HCI in systems design. It will provide important definitions and grounding in the topic to understand how and why we study and practice it. The aim of this part of the course is for you to be able to understand the key characteristics of HCI and to relate these to the design of interactive systems. In order to perform these tasks, you will learn how the human user (at a cognitive, social and organisational level) interacts with information technology. As you apply this knowledge to technology, you will be able to explain why users might succeed or fail to perform successfully in their interaction with it.



Learning outcomes By the end of this part you should be able to: • describe the increasing role of interactive systems in computing and systems design • describe the key cognitive, social and organisational concepts that underpin how humans interact with information technology • discuss various theoretical and practical approaches to HCI • identify important technology developments in the domain • show an awareness of the HCI viewpoint that places the user at the centre of the design • explain and apply a variety of approaches to HCI design, showing an understanding of their benefits and drawbacks within the design process • apply appropriate user-centred design process and methods (e.g. iterative prototyping, usability evaluation, user-centred design) to assess and alleviate any problems their users face. 12
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How this element links to database systems and networking It is not intended that there should be a deliberate link between the other parts in this volume in terms of the content of what is being taught. That would be nearly impossible given the different areas being covered. However, the organisation of this part is intended to follow the same structure as the other parts in the volume. The layout should be similar, allowing easy reference and search, and the examples/cases are about the same topic, allowing you to follow a similar set of examples throughout your course. However, please do bear in mind that they were prepared independently and what is advocated in one part of the booklet may be considered as less relevant or frowned upon in another.



Essential reading The main reference to be used in this module is: Sharp, H., Y. Rogers and J. Preece Interaction Design: Beyond Human−Computer Interaction. (New York: Wiley, 2011) third edition [ISBN 9780470665763].



This is a newly revised textbook on the area. You will need to read the relevant sections as signposted in the text. This is a general HCI textbook but has limited coverage of some areas.



Further reading Dix, A., J. Finlay, G. Abowd and R. Beale Human-Computer Interaction. (Hemel Hempstead: Prentice Hall, 2004) third edition [ISBN 9780130461094].



Although not essential, this book covers areas that Preece et al. do not describe in so much detail. To gain deeper understanding of the subject it is recommended that you use this book. This is a general HCI textbook. Shneiderman, B. and C. Plaisant Designing the User Interface: Strategies for Effective Human–Computer Interaction. (Wokingham: Addison-Wesley, 2009) fifth edition [ISBN 9780321537355].



This provides a good in-depth, if very technical, coverage of the area. Norman, D. The Psychology of Everyday Things. (Cambridge, MA: MIT Press, 1988) [ISBN 9870465067091].



The above book has subsequently been reprinted as The Design of Everyday Things (1990) [ISBN 9780262640374] and is easily available. This is a superb, highly readable book about the role of design in our everyday activities relating to the design of interactive systems. It is non-technical and strongly recommended. A number of other references are given for books in the following chapters themselves (as further reading). They are not required reading, but would clearly be beneficial in helping you to gain a deeper understanding of the various areas covered. You may notice that some other ‘references’ are cited at the start of chapters. These are not required for reading but indicate the sources of information referred to in the text. This part of the course contains only the basic information that you will require and you will need to do more reading in the area. To gain a more complete idea of the important research areas in the future, you should also try to familiarise yourself with some of the advanced research areas in the literature. Some of these are: mobile computing and mobile communications technologies; groupware and collaborative technologies; 13
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multimedia and the web, and virtual worlds. Try to see how the areas you have covered in the preceding sections in this guide could be applied to these domains. You need to recognise that the material in this chapter is not fully comprehensive and is only intended as an introduction, and as a guide to where you should do your reading on the subject matter. The activities set in the text are an important component of the work. They should provide you with a starting point for the topic areas that you will need to look into for your reading. Please do them. The essential reading in Preece et al. is also a useful resource for setting your own questions and it provides some ‘model’ answers. You should try to do these exercises when you cover the relevant chapters in this booklet.



Online resources Make use of the internet where possible but do not rely on it to provide you with core material. The internet is a good way to gain additional information about a subject, but it is important to know that it is not always reliable or balanced. Happy hunting! Several good starting points are highly recommended below. Unless otherwise stated, all websites in this subject guide were accessed in November 2013. We cannot guarantee, however, that they will stay current and you may need to perform an internet search to find the relevant pages. www.ID-Book.com: the official site for Preece et al.’s Interaction Design book. The section on ‘interactivities’ is interesting and worth a look, especially the link to choosing heuristics for evaluation purposes. www.hcibib.org: the HCI Bibliography: Human–Computer Interaction Resources, covering a multitude of materials, is well worth looking at. www.useit.com/alertbox/: Jakob Nielsen’s Alertbox is a useful set of HCI opinions and thinking from one of the area’s most influential writers and practitioners. Especially good on designing web pages, but covers a diverse range of HCI material. www.jnd.org/: Don Norman’s website on user advocacy and human centred design. It contains several interesting articles and essays on user-centred design and areas in HCI. www.asktog.com/: Bruce Tognazzi’s online articles. An interesting set of articles on interaction design…if a little opinionated. www.usabilityfirst.com/glossary/main.cgi: information and resources for key issues related to usability in website and software design. Check out their usability glossary. www.baddesigns.com: a great resource showing how interface design can be done badly but without taking account of problems which users might encounter. Look and learn. This is a ‘fun site’ that is worth a visit, even if just for the humour. www.sigchi.org/: the ACM’s special interest group on HCI. Some good resources, if a little dryly presented. otal.umd.edu/guse: Guide to Usability for Software Engineers. www.stcsig.org/usability/resources/toolkit/toolkit.html: the Usability Toolkit. A great resource for usability engineering, with loads of detailed forms for user researchers to adapt in their work. www.usabilitynet.org/home.htm: a great and detailed resource for user researchers, covering several topics. www.paperprototyping.com/: some useful information to accompany the book by Carolyn Snyder on Paper Prototyping. You do not need the book to find it useful! www.interaction-design.org/encyclopedia/: a recent, highly up-to-date and excellent HCI resource, with loads of well-curated text and video content. 14
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Chapter 1: HCI and interactive systems Introduction In this chapter we will briefly introduce you to the areas of human– computer interaction and the human–computer interface as well as to the importance of HCI in systems design, and in the wider context of computing in general. It also provides some important definitions to the terms used in the rest of the section. This chapter will give you a grounding in the basics of the topic, and provide you with a base to understand how and why we study and practice HCI.



Learning outcomes By the end of this chapter, and having completed the Essential reading and activities, you should be able to: • describe the increasing role of interactive systems in computing • describe the role of HCI in systems design • show an awareness of the HCI viewpoint that places the user at the centre of the design • describe HCI’s component disciplines and their contributions.



Essential reading Sharp, H., Y. Rogers and J. Preece Interaction Design: Beyond Human−Computer Interaction. (New York: Wiley, 2011) third edition [ISBN 9780470665763] Chapters 1 and 2.



Further reading Dix, A., J. Finlay, G. Abowd and R. Beale Human–Computer Interaction. (Hemel Hempstead: Prentice Hall, 2004) third edition [ISBN 9780130461094].



The evolution of human–computer interaction At this early stage it is important to point out a central distinction between the subject of human–computer interaction and the notion of a humancomputer interface. This distinction is made below: • Human–computer interaction is, ‘…the discipline concerned with the design, evaluation and implementation of interactive computer systems for human use and the study of major phenomena surrounding them’ (Dix, 1998, p.xi). It involves understanding, evaluating and implementing interactive computer systems for human use. • The human–computer interface involves those aspects of a system the user interacts with the zone of interaction. It is the part of the computer system that provides access to a computer’s internal resources. This is a technology rather than a research area. In the first generation of computing systems the fact that system builders and system managers formed the majority of computer users meant that ‘ease of use’ issues were given little attention. As well as having a restricted and specialist set of users, computers were generally used to process information off-line. However, the evolution of computer technology has led to increasingly powerful machines which can support 15
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more and more complex applications. A key feature of this evolution has been the increasing interactivity of computer systems. Here the user not only participates actively but also controls the behaviour of the application in real time. The mass production of hardware and the development of general-purpose applications also means that everyone is now a potential computer user. The growing use of information technology in areas such as medicine or legal work means that there are more users who are specialists in their own professional areas, but as computer users they are novices. This is a very different user community to the first generation of specialist users. These trends mean that computer systems need to be made more accessible to a wider range of users. This is only possible by designing for their needs and not expecting them to adapt to the technology. For interactive computer systems this has come to mean designing the human interface (i.e. the part of the system with which the user is in immediate contact). It has been estimated that anything up to 80 per cent of the code in many applications together with a great deal of development time and effort support the human interface. For many mass-market applications the interface is a major determinant of acceptability and thus commercial success. This can be seen through the extensive and costly advertising of Microsoft’s Windows which has pushed the ease of use and interactivity of the product. Other products, such as Apple’s Macintosh™ machines, not only consider ease of use but rather see it as the underlying philosophy on which systems design is based. Interactive systems include a variety of different technologies, ranging from devices such as wristwatches, mobile telephones, televisions and microwave ovens to personal computers. They are distinct from other computer-based systems in that they support communication in two directions, from: • user to device (such as pressing buttons, pointing the mouse, typing, etc.) • device to user (such as displaying information on-screen, activating machinery, etc.). This two-way interaction is critical to the design and use of interactive systems, and it is what makes their design particularly difficult and interesting. As users we have become less and less involved in activities such as batch processing, which only require the user to input data at the beginning of the computation and to read the final output. Nowadays, the user is engaged more and more with this two-way process of providing the system with input, reading the output of the system and reacting to it by providing the system with a new input in an interaction cycle. Interactive systems have significantly and radically changed in recent times, particularly in terms of their interactivity. Over the last 40 or so years, we have moved from valve- and switch-based systems, to card- and tape-punched inputting systems, to command line systems and, most recently, to the graphical user interfaces and windowing systems with which most of us are now familiar. New developments are constantly arising and it is difficult to predict what the future of computer use will involve. What has happened during this time? Two changes have taken place to provide a clue to this: • there has been an increase in the degree of interaction • more importance has been attached to considering the needs and requirements of users. From past experience we can be certain that the involvement of the user in the interaction will increase. 16



Chapter 1: HCI and interactive systems



Activity Describe what an interactive system is. Think of different examples of interactive devices and explore the variation in the interactivity permitted by those devices. Take two examples and contrast how they differ in terms of their interactivity.



Human–computer interaction Human–computer interaction (HCI) is the name of the approach that we use to study and improve our use of interactive systems. It is concerned with the joint performance of tasks by humans and machines; the structure of human-machine communication; the social and organisational interaction with machines; human capabilities in machine use; interface mechanics; interface specification and implementation; and design tradeoffs, among others.1



1



See Dix et al. (2004).



Human–computer interaction lies at the intersection between the social and cognitive sciences on the one hand, and computer science and technology on the other. The three main roles of HCI researchers are described below: 1. They analyse and design specific interaction technologies (e.g. displays, pointing devices, and internet browsers). 2. They study and improve the processes of technology development (e.g. usability, design and evaluation). 3. They develop and evaluate new applications (e.g. desktop conferencing and multimedia). HCI integrates scientific research concerns with the engineering goal of improving the usability of computers (improving the ‘fit’ of computers to their users) and it is obviously easier to change the design of a computer than it is to change its user(s). HCI has established a body of technical knowledge methodologies that can be applied to the development of both useful and usable computer systems. Useful, in the sense that they support some form of activity that users find helpful: usable, in the sense that they can actually make use of the technology through actions at the interface. However, although HCI is concerned with interface design, this is not the sole area of concern to HCI researchers who study a much broader area of concern. It is important that you recognise that HCI stands for human– computer interaction, and should not be confused with the computer interface: this is the part of a computer system that provides access to the computer’s internal resources: ‘the zone of interaction’. Interactive systems designers study and apply techniques from HCI in order to provide support for human activity thus making systems faster; less prone to errors; requiring less learning; providing a better quality of work, and making them more satisfying or fun to use. The intended result of HCI is to provide a principled approach to interactive systems design that ‘fits’ into the software engineering approach used, whether this be a formal HCI design methodology or one that is carried out in parallel to another software engineering approach and loosely informs it. A whole family of disciplines and job titles are associated with and draw from work in HCI: information architects; usability experience architects; web designers; (cognitive) ergonomists; cognitive engineers; usability engineers; HCI consultants; user-centred designers; GUI designers, and interface engineers…amongst others. Most software design now has an element of HCI design as a component within it, although each takes a different set of learnings from it. You need to be aware of the discipline 17
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as a whole in order to make an informed judgment as to the value and applicability of design solutions across these diverse areas. Activity Answer the following questions: •• What do HCI researchers do? •• Why is this research necessary and how does it help in the design of interactive systems? •• How might HCI link in with the broader systems design process?



Design for ‘use’ The challenge for HCI in the design of future interactive systems lies in matching their usability (i.e. fit of the system to its users) to their functionality (i.e. the technical features of the interactive system). Although it is critical to consider ‘use’ as an important feature of design, we must not forget that functionality is of equal, if not greater, importance. We may therefore be faced with a ‘trade-off’ between these two aspects of design. This is an element of HCI that we will return to later. It is a characteristic of a discipline in which there are no right or wrong answers, just good and bad ones for particular purposes. Although we have mentioned that HCI should support increasing individual productivity, we should also not ignore its effect on organisational productivity. That a computer system is easier or more pleasant to use for its users is not a good argument to make to a manager if they feel that it could have little or a negative impact on that user’s overall task, performance and cost. Users also communicate with one another as part of what they do and in sequences of work-related events. Almost everything we do, especially at work, is set within a social and organisational landscape. A consequence of this is that usability needs to be considered from more than just the perspective of a single user: it needs to encompass the user’s workplace and set of tasks as a whole. A huge range of factors play a part in HCI and the development of appropriate user interfaces. These factors are associated with a number of academic disciplines. These contributing disciplines include (adapted from Sharp et al.): • Cognitive psychology: understanding all forms of mental behaviour. Used, for example, in the design of menus, placement of components in an interface and in the sequencing of interface events. It also provides methods for the study of interaction, such as experimental design and the building of (testable) cognitive models to predict activity at an interface. • Social and organisational psychology: understanding the nature and causes of human behaviour in a social context. • Ergonomics/human factors: matching human capabilities to their tools and designed environment. • Linguistics: the study of language, used in dialogue design and in understanding multi-user communication. • Sociology: used in considering the implications of information technology on society. • Anthropology: the inter-relationship and co-development of culture and technology. 18
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• Philosophy: forming the theoretical underpinning of the sciences and social sciences. • Engineering and design: in the applied science and development of computer systems. These disciplines may appear very disparate in their interests and concerns, as indeed they are. HCI is multi-disciplinary in that each area contributes knowledge and methods but there is little effort to integrate each of these areas. There is not one theory of HCI but many theories, each of which relates to different aspects of use. All the theories contribute to our understanding of what makes a good design. Many of the findings from these disciplines and the contributions that they bring to HCI are described in more detail in the following chapters. Activity Can you think of any other disciplines that could contribute to HCI? How? Bookshop case study example – ABCbookshop.com In order to understand the ABCbookshop.com website users’ expectations and needs, we need to understand better the roles that the different disciplines within HCI can bring to the design. Critically, we need to match the site’s usability to its functionality. Clearly the user is the most important design element in this kind of interactive system. For example, if users find the site hard to navigate, apparently untrustworthy, with information on it too badly structured to read or it does not otherwise support their tasks, then it does not matter if the rest of the design is superbly fashioned. The site will then either not be used or will fail to be used to the extent to which the designers would have wished. Users are not always customers but in this case the site depends on business and the customer is king. The interaction design (and in particular the user interface design) is critical for the commercial success of the website. By bringing in experts with skills in a range of different disciplinary areas, the designers of the site can examine different aspects of the use of the site and support these with different design techniques. Commonly, not all of these disciplinary skills are available in-house and organisations may need to employ experts from outside their organisation. They will still need to know of whom to ask particular questions and how to combine the findings and designs developed in an integrated and cogent way.



Reminder of learning outcomes Having completed this chapter, and the Essential reading and activities, you should be able to: • describe the increasing role of interactive systems in computing • describe the role of HCI in systems design • show an awareness of the HCI viewpoint that places the user at the centre of the design • describe component disciplines of HCI and their contributions.



Sample examination questions 1. What is human–computer interaction and how does it differ from the human–computer interface? 2. What academic disciplines play a part in HCI? Describe their areas of interest and how they support interface design.
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Advice on answering the Sample examination questions It is important to read the questions carefully here. 1. The answer in this case is relatively easy to give from a definitional perspective, but to get advanced marks providing definitions will not suffice in themselves: you will need to contrast and compare the definitions. 2. For this question, you will need to list both the academic disciplines and describe their areas of competence and then describe their role in supporting interface design. You should have read about this in the Essential reading to develop your answer here! It is crucial that you attempt this last part as not only is it a part of the question, but it is what ties a general part of the question to the specifics that are covered in the course. You do not need to remember all of the disciples or to give exactly the same titles as have been used in this guide. Good coverage of several academic disciplines will be enough.
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Chapter 2: Cognition, information processing, perception and attention Introduction This chapter will describe our understanding of human cognitive behaviour and information processing around computer systems, and explore its application in systems design. The benefits and shortcomings of the standard cognitive model are shown. The chapter then looks at the ways we see, hear and feel when we use computer systems, and develops these themes into implications for interface design. It will cover issues in our cognitive processes, including perception and attention, where we look at the mechanisms by which information is attended to, linking these mechanisms to their use in HCI and interactive systems design.



Learning outcomes By the end of this chapter, and having completed the Essential reading and activities, you should be able to: • explain what is meant by ‘cognition’ and show the importance of information processing models to HCI • explain the shortcomings of cognitive and information processing models • discuss the role of cognitive models in HCI • discuss different explanations of ‘perception’ and their characteristics • discuss the importance of perception and attention in HCI and explain how we can exploit our understanding of these in designing interfaces.



Essential reading Sharp, H., Y. Rogers and J. Preece Interaction Design: Beyond Human−Computer Interaction. (New York: Wiley, 2011) third edition [ISBN 9780470665763] Chapters 3–5.



Further reading Eysenck, M.W. and M.T. Keane Cognitive Psychology: a Student’s Handbook. (Hillsdale, NJ: L. Erlbaum Associates, 2010) sixth edition [ISBN 9781841695402]. Norman, D. The Psychology of Everyday Things. (Cambridge, MA.: MIT Press, 1988) [ISBN 9780465067091].



References cited Barber, P. Applied Cognitive Psychology. (London: Methuen, 1988) [ISBN 9780416087628]. Gibson, J.J. The Ecological Approach to Visual Perception. (London: Houghton Mifflin, 1979) [ISBN 9780898599596]. Gregory, R.L. Eye and Brain: The Psychology of Seeing. (London: Weidenfeld and Nicolson, 1978) fifth edition [ISBN 9780691024561]. Preece, J., Y. Rogers, H. Sharp, D. Benyon, S. Holland and T. Carey Human– Computer Interaction. (Wokingham: Addison-Wesley, 1994) [ISBN 9780201627695]. 21
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What is cognition? The cognitive approach is currently the dominant framework (or paradigm) for HCI. It characterises humans as ‘information processors’ in which information undergoes a series of ordered processes. This draws from the idea that human brains work in a similar way to computers. We can therefore describe and model human activity in the same way that we do for computers. As information comes in from the world it is transformed into an internal representation that is acted upon through various mental ‘cognitive’ processes until it is transformed into an output (see Figure 2.1).



Input



Representations



Output



Processes Figure 2.1 Information processing.



The term cognition refers to the processes by which we gain knowledge – and covers areas that include understanding, remembering, reasoning, attending to, awareness and acquiring skills. In a simple model of cognition (e.g. Barber, 1988), the processes of cognition can be described as composed of four sequential stages (i.e. following on from one another). The information entering the system as an input is first encoded and turned from a physical environmental event into a representation (electrochemically held, because it is in the brain). The encoded information is then compared to existing representations stored in memory. Having compared the representation to the information represented in the memory, the information processor can select an appropriate response (stage 3). The final stage involves the execution of the selected response: acting on the world to produce an output. It is important to note that cognitive activity is seen as goal-oriented. This means that there is an intended and planned result for the processing of the information in the cognitive system. The human information processor knows when to stop acting on (processing) the information, because they have achieved their goal. This is known as ‘means end analysis’: determining the difference between the current state of a problem and a goal state.1 The importance of this approach to problem-solving in HCI is crucial because psychologists and cognitive scientists see interaction with the computer as an information processing activity. Analysis of human–computer interaction as problem solving can support the work of interaction designers. It can do this by helping them to understand what information requirements and resources are needed by human users when performing goal-based tasks and activities. Cognitive psychologists often build models of humans so that they can make predictions for their behaviour in certain activities. However, the importance of these abstract models of cognitive systems is that they can potentially help computer designers to understand and predict human behaviour in particular situations.



Cognitive models in HCI Cognitive models are complex and you will need to read material about them yourself. Cognitive modelling allows analysts to ask these key questions about how users learn to use a system and, more generally, how 22



See Eysenck and Keane (2010) for a good review of this. 1
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users act or behave in particular circumstances. We use models for five main reasons in HCI. These are to: • understand what is going on when users use systems • predict in advance how users will behave • identify and explain the nature of the problems that users encounter • provide knowledge about what users can and cannot be expected to do • design systems to take advantage of particular aspects of user skills and abilities. The development of cognitive models of human behaviour has proven to be useful in design because it allows us to understand and predict human behaviour. Nevertheless, there are a number of limitations to the approach. A major drawback is that it assumes an idealised information processing unit. However, users are human and factors such as user motivation and mood play an important role in behaviour. We are also subject to a range of individual differences in our skills and abilities. Additionally, and significantly, cognitive models tend to ignore the world in which real people and users exist. For example, we use tools, such as paper and calculators, in doing basic arithmetic and we are also able to ask for help from other people in our problem solving. Generic models of human information processing taken direct from psychology are therefore not always appropriate for use in HCI and interactive systems design. To summarise, users are not simply information processors, cognition is not just about a single user and real people work in real work settings with particular resources and constraints. In most cases, cognitive models of behaviour should not be used alone in prediction, and more detailed user testing should be employed. As the limitations of cognitive models are based on our limited psychological understanding of the website users, the technique needs to be used cautiously by the designers in combination with other HCI techniques. Activity Why might we want to use cognitive models in developing a human–computer interface?



Perception and representation Our cognitive system allows us to make use of the information that we perceive around us – that is, what we see, hear and feel. As HCI researchers and designers, we need to understand how we perceive this information when we use computer systems. Perception covers the sequence of events from the presentation of a physical stimulus to the conscious (or indeed unconscious) experience of it. We will concentrate mainly on visual perception, because this is the main vehicle for taking in information from computers at present. Cognitive psychologists explain that perception takes place when people construct a model of the world by transforming, enhancing, distorting and discarding information (from Preece et al., 1994) and construct a world of objects from information in the environment (a world of lines, shades and colours) and our own knowledge. The images that we see are not copies of the world, but are mentally ‘constructed’ from our existing knowledge and skills in combination with sensory information. Yet this ‘constructivist’ (Gregory, 1978) approach to perception is at a very high level of explanation, and we can also describe our sense of perception as appearing to ‘pick up’ information from the environment without requiring a great deal of cognitive processing to make it meaningful (Gibson, 1979), and this idea 23
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has been important in HCI. A central concept of the ecological approach is the notion of an affordance (Norman, 1988). What we see as the behaviour of systems, objects or events is permitted or ‘afforded’ by that thing: when this is obvious, we know what to do with that thing. An example of this is a door. In many places doors have a handle to pull and a bar to push: the different objects afford different but appropriate actions to be performed on them (see Figure 2.2). We do not need to use our existing knowledge and skills to interpret what to do with it because it constrains our actions either to grasping or pushing.



Figure 2.2 Door handle affordances.



Affordances are usually viewed as an important aspect of the design of interfaces. Broadly, affordances are seen as being perceptually detected, not cognitively interpreted. Thus a wastebasket on the computer screen is not an affordance (in fact, it is a metaphor) because it does not show what can be done with it through its perceived form: it has to be interpreted in the light of a user’s knowledge about what a wastebasket is. Threedimensional (3D) buttons, however, are good examples of affordances because they can obviously be touched or pushed as they appear to stick up off the screen. Because computer affordances are not ‘real’ in the sense that they are just pixels on a screen, they are usually described within HCI as ‘perceived’ affordances. However, in order to create this perception of a real object in the interface, designers need to provide clues that our visual systems interprets as physical things and not as objects that are ‘flat’ on the screen. The central question we need to ask here is how to apply our understanding about human perception to HCI. Various graphical modelling techniques have been developed that allow us to represent information (as ‘real’ objects) at the computer interface. We can then use our natural skills of perception to help us understand the underlying functionality of a computer system, for example by providing a visual stimulus that is perceived as an affordance. One way to do this is to provide a three-dimensional (3D: including depth) representation in the two-dimensional (2D: flat) space on the monitor screen. We can exploit our natural perceptive skills by providing depth cues that allow us to make believe that objects exist that ‘sit’ on the screen. This can be done in a number of ways of which several are listed here (from Preece et al., 1994). • Size: if we place two similar objects, differing only in size, side by side the larger object will appear to be much closer than the smaller. • Interposition: if we place one object ‘over’ another so that it obscures the part of the object that it covers, the unobscured object will appear to sit on top of the other. • Contrast, clarity, brightness: objects that are further away, gradually disappearing into the distance, appear to lose their contrast, clarity and brightness; this can be simulated in the interface to show the relative distances between objects. • Texture: the level of detail of objects appears to grow larger as they come closer. In an interface, objects with more detail often appear to be closer than others with less clearly defined structures. 24
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• Shadow: by placing a shadow behind an object it appears to sit above the screen, throwing a shadow over the ‘space’ behind it. Changes to the shadow size and position can make this distance appear deeper or shallower. Activity Give examples of how the techniques described above are used in computer systems that you are familiar with. It is not possible to show all information as directly perceivable physical objects. For example, abstract system processes and data cannot easily be represented as objects. Designers have to move from using represented objects to representing abstract forms. These representing forms are symbolic in nature: they stand for other objects. There are two ways in which this is done using the computer interface, as direct mappings or as arbitrary mappings. • Direct mappings can be used where there is a correspondence between the objects represented and the form of representation used. Examples of these include the use of different physical sizes (e.g. to reflect different file sizes or different widths of drawing tool), the use of metaphors (e.g. the waste basket representing a directory for holding unwanted files) or the use of colour (e.g. to represent importance using green, amber or red to denote warning levels). • Arbitrary mappings occur where there is no direct link between the screen object and the represented feature. They include abstract codes (e.g. in a supermarket, where the prefix: 00- could mean fruit; 01could mean meat) or as abstract shapes that represent different objects (e.g. from the real world, where ‘£’ and ‘$’ stand for units of money) or the use of colour to represent different options (e.g. desktop icons coded brown for personal; orange for shared, etc.). However, these arbitrary codes need to be learned to be used effectively. In summary, there are several ways we can use features of human perception in interface design, by varying the form of information represented in the interface. The main methods used to represent information on-screen are graphical modelling and graphical coding.



Colour perception and colour-blindness When we develop systems for users it is important to recognise that we do not arbitrarily exclude users with disabilities (an area of interaction design called ‘universal usability’), nor do we develop designs that might be hazardous to their users or to others. One common form of visual disability is colour-blindness, in which people may not see colour in the same way that other people do. Colour-blindness affects men more strongly than women (8 per cent of males and 0.5 per cent of females in the UK are described as colour-blind) and there are said to be five different types of colour-blindness, of varying levels of severity. Moreover, it is common for people with the disability to remain completely unaware that they have it, despite having quite severe levels of colour-blindness. The most common form of colour-blindness is called deuteranopia, in which people are able to respond to green light, but they are often unable to distinguish green from red and blue light. There is an important design consequence to this, as colour coding of interface design elements cannot be developed without taking this into account.
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Certain colour combinations should be avoided and this can be a relatively complicated task. Where colour is used as a differentiator of functionality, this should be supplemented with additional information to ensure that the information is not misunderstood. Information on particular colour combinations that it is relevant to take care with in design is not shown here due to the black and white format of the ink used and the complexity of these combinations. However, designers should be aware of this and seek information from the literature available on good colour practice in design. You are advised to read up the literature on this before undertaking a design using colour coding. For the moment, a warning should suffice for designers to be aware that they need to take care and seek more advice.



Attention and memory constraints in interface design At a biological level humans have capacity limitations on the information that they can perceive and process. In practice we deal with the sensory information with which we are bombarded by cognitively filtering it to make sense of our environment. Psychologists talk about two forms of attention. We can have focused attention (i.e. attending to one event only). An example of focused attention is known as the ‘cocktail party’ effect, by which you can pick out a single person’s voice in a noisy and crowded room by focusing on their voice and somehow ignoring the other sounds. We can also have divided attention (i.e. attempting to attend to more than one thing at a time). At the computer this allows users to do multi-tasking. Users can run an email programme at the same time as they are using a word processor, yet still be able to deal with telephone calls and visitors to their office. Depending on the design of the interface, users can be described as being in one of these two states. As a designer you will need to know how to implement systems that are appropriate for the kinds of task that its users will perform. Activity Think about software systems that you use. How is information presented to focus your attention onto it? Several techniques are used to focus attention at the interface. These include (adapted from Preece et al., 1994): • colour (e.g. different colours help differentiate areas on-screen) • structure (e.g. it is easier to find information in tables than in ‘raw’ text fields) • alerting techniques (e.g. noises and flashing text) • information presented at the relevant screen location and only when appropriate (e.g. when an error is made, an arrow might point towards the area of the screen that needs your attention, suggesting an appropriate correction in text beside this) • windowing systems (e.g. an email application in which a background window ‘pops’ to the front when a mail arrives). When thinking about how these can be applied, try to relate these to the computer systems you have used. Bookshop case study example – ABCbookshop.com In terms of information processing the designers of the ABCbookshop.com website have to understand precisely what their users are attempting to do. By building simple 26
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cognitive models of their users’ planned activity the designers can start to work out the various steps that their users will need in order to make effective use of the site. The five pointers raised in the chapter above are important in this: 1. The designers must understand what is going on when users use the system. The designers must try to develop an idea of the reasons why users are visiting the site, the sorts of things that they require of the site when they are present (and also what they may plan in relation to this before and after accessing the site), and so on. 2. The designers should attempt to use these models to predict in advance how users will behave when they are using the site. Simple cognitive models of behaviour may be sufficient for this or, depending on the questions being asked, more complex models may be required. This may be at the level of activity. For example, around a potential user’s understanding of the navigation strategy of the site or, at a much lower level, in which the designers require information on how long different types of menu or button may take to select and press. 3. The models that are developed are one way that the designers can identify and explain the nature of problems that users will encounter. Thus the cognitive model is being used to explain an observed behaviour, such as why a particular navigation method in the website is not used effectively by users. 4. The models should provide the designers of the website with knowledge about what users can and cannot be expected to do. This might include a set of guidelines on how much users can be expected to remember about how they have navigated to a particular page, in order to step back out of the process, how many items users can actively search through in the limited amount of space that is available on a page and within a specified amount of time. 5. Finally, the ABCbookshop.com web system should be designed to take advantage of particular aspects of user skills and abilities. These will range from the expert ‘power’ user to less experienced users (or indeed other sorts of users, see next chapters). Different models, or different parameters within those models, of how information is processed may be useful in determining how effective the system is for people other than the statistically ‘average’ user (who may not even actually exist!). Note that in most cases, including this example, cognitive models of behaviour should not be used alone in prediction, and more detailed user testing should be employed. As the limitations of cognitive models are based on our limited psychological understanding of the website users, the technique needs to be used cautiously by the designers in combination with other HCI techniques. The designers of the ABCbookshop.com website also need to ensure that they make best use of the cognitive resources that users bring to bear on their use of the website. They need to think about the affordances that people might use to understand and manipulate objects on the screen (such as a representation of depth in a book so that users can ‘thumb through’ a volume and see what it contains, allowing a simple visual search). This can be managed by making objects with which the user might interact appear three dimensional by using the techniques of size; interposition; contrast; clarity and brightness; texture and shadow. Where directly perceivable relationships cannot be made with elements of the website and in the interface, the designers will need to make use of direct and arbitrary mappings, such as colour (e.g. a traffic light system) to represent whether a transaction has been completed (direct mapping), or different colours around the edge of pages to represent different areas of the website, such as fiction, biography, etc. to help with navigation (arbitrary mapping). However, colour should be considered as a secondary navigational support at all stages of the design, and not as a primary interaction feature because of the problems that could be caused to people who might be colour-blind. When the designers of the site need to bring the user’s attention to an event occurring at the interface they can use the range of alertness techniques that we have discussed. Colour, structure, alerting techniques (using sound and inverse video, for example) give 27
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information that is presented at the location on the web page only when it is necessary, for example, when an error is made in a text field, this field might be highlighted with an appropriate action suggested beside it, and ‘windowing’ (for example opening up a secondary window to carry out some other task in parallel to the first one so that the user does not lose their navigational place in the website).



Reminder of learning outcomes Having completed this chapter, and the Essential reading and activities, you should be able to: • explain what is meant by ‘cognition’ and show the importance of information processing models to HCI • explain the shortcomings of cognitive and information processing models • discuss the role of cognitive models in HCI • discuss different explanations of ‘perception’ and their characteristics • discuss the importance of perception and attention in HCI and explain how we can exploit our understanding of these in designing interfaces.



Sample examination questions 1. What are cognitive models? Why are they used in HCI and why might they be of benefit in interactive systems design? 2. Using examples from software that you have used or seen, discuss how the designers have tried to make their users aware of information in the interface.



Advice on answering the Sample examination questions Question 1 asks you to write about a general psychological phenomenon and then to link this to their application within HCI. To get a pass mark you will need not only to address the definitional parts of the question but to show that you understand their role and relevance to this course. Note that the second question is in fact asking for three things: i. describe the topic. You might begin with a definition of the general use of the topic, either in your own words or citing an authority from your reading. Perhaps you could give examples from a non-computing context to help explain their general application ii. discuss its relevance to HCI iii. show how cognitive models might be used to support interactive systems design. Stronger answers might allude to the problematic nature of the concept and the conflicting understanding about cognitive models. Question 2 asks you to identify and discuss the techniques that are used in focusing a user’s attention on one or more elements in the interface. These will include: colour; structure; alerting techniques; time- and location-specific information, and the use of windowing systems. You will need to do more than just recall this list though: you will need to show that you have understood how designers have made use of at least some of these techniques by discussing your experience of interface designs incorporating these elements. Be as specific and descriptive as you can. Perhaps you could use a diagram to illustrate your answer. Good answers will discuss whether these have been successful or not, why the techniques have been useful or how they could have been applied more effectively. 28
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Chapter 3: Presenting information to support users Introduction The chapter explores what we see, hear and feel when we use computer systems, showing its design implications. We describe how psychologists believe memory and recall operate, covering theories of knowledge representation and linking these to their use in interactive systems design. The chapter extends this to describe how people learn about computer systems, covering the learning process and how we might support users through presenting information in more meaningful ways.



Learning outcomes By the end of this chapter, and having completed the Essential reading and activities, you should be able to: • define what is meant by the terms ‘mental model’ and ‘metaphor’ and explain their place in HCI • describe the importance and use of conceptual models in HCI • provide ways to support users in their learning and use of systems.



Essential reading Sharp, H., Y. Rogers and J. Preece Interaction Design: Beyond Human−Computer Interaction. (New York: Wiley, 2011) third edition [ISBN 9780470665763] Chapters 3 to 6.



Further reading Eysenck, M.W. and M.T. Keane Cognitive Psychology: a Student’s Handbook. (Hillsdale, NJ: L. Erlbaum Associates, 2010) sixth edition [ISBN 9781841695402]. Newman, W.M. and M.G. Lamming Interactive System Design. (Wokingham: Addison-Wesley, 1995) [ISBN 9780201631623] Chapter 13. Norman, D. The Psychology of Everyday Things. (Cambridge, MA: MIT Press, 1988) [ISBN 9780465067091].
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Human memory storage As we have already pointed out in the previous chapter, attention and memory are linked. You are only able to remember what you attend to! Psychologists tell us that humans have three forms of memory store, each of which works in a different way and each of which has different implications for interface design. Human memory types include: i. a very short-term sensory store (which can be broken down into distinct types, known as iconic, echoic and haptic) ii. a mid-term ‘working’ (often called short-term) memory iii. long-term memory. Information moves from sensory to working memory through our attending to it and from working memory to long-term memory through the process of rehearsal. We can exploit our memory skills in HCI through the use of meaningful command names. ‘Command line’ interfaces, such as Unix and MS-DOS are poor examples of how these skills can be applied. They have low consistency between similar commands and seemingly arbitrary mappings between command word form and their meanings. These command line interfaces place unrealistic demands on the user’s memory and in consequence are falling into disuse among the majority of users. We can differentiate between two sorts of memory use: these are called recognition and recall. In terms of interaction design, these are probably of more use to the designer than the three forms of memory store. Recognition and recall refer to the different ways that we remember information. In one case we are reminded of things because of cues in our environments: in the other case we have to draw information unprompted from our memories. We tend to find recognition easier, an example most clearly demonstrated by the fact that we have difficulties in remembering what people’s faces look like (recall), but that we are easily able to recognise them when we do see them. Norman (1988) calls these two sorts of memory ‘knowledge in the head’ and ‘knowledge in the world’. He proposes that there are three main ways in which we use knowledge: 1. as internal representations (human memory) 2. from the world through external representations (memos, events) 3. embodied in constraints from the world (the limits imposed on our behaviour from the environment). In terms of design, when users are required to act on system controls it is clearly best to provide systems that rely on recall if possible. In general, designers should attempt to use the three approaches described above in reverse order. We have all probably seen ‘greyed out’ menus on computer systems. These are constraints in the world so that users do not have to remember not to select them. This is even more effective in promoting usability than providing reminders about not selecting an item.
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By exploiting our memory for meaningful relationships we do not have to learn new and complex methods of interaction. A good example of this is the indicator or turning signals in cars: pushing the indicator arm up or down corresponds with the way that the wheel will turn, either clockwise or anti-clockwise. The driver just needs to think whether the indicator arm would be banged up or down as they turn the wheel, rather than a more arbitrary mapping.
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Activity Can you recall the menu options for your favourite word processing software? Try to remember them and write them down in order. How many mistakes did you make? Probably several… Do your memory ‘failures’ stop you from using the software? Why do you think this is so? In practice, most of our everyday actions are mediated by (i.e. they are carried out through) artefacts (tools). As a consequence, users should not be required to rely on their memories when they could use information from the world. Interface designers should be exploiting the characteristics of our natural behaviours to take advantage of what we are good at and minimising demands on users that require them to remember information. For example, information is more easily recognised than recalled: graphical interfaces can be used to exploit this. We can use our understanding about attention and memory to help designers focus the user’s attention on an element of the interface, and to create meaningful interface objects that they are able to recall easily.



A cognitive economy Knowledge is organised by people to promote a cognitive economy (Collins and Quillan, 1969). We do not do exhaustive searches of everything we know in order to remember things, which saves us time and effort. To search our whole memory exhaustively for things that we needed to recall would be extremely slow and experiments on recall and memory have shown that we are unlikely to be able to do this successfully. Collins and Quillan suggest that humans divide the world into ‘classes’ of things to decrease the amount of information we must learn, perceive, remember and recognise. There are various theories about how people learn and organise their knowledge. It may be organised by association: things that are similar to one another may mentally ‘inherit’ characteristics from each other. For example, if we know that a dog is like a cat and that a cat has four legs, then a dog is likely to have four legs. Similarly, a computer function that is similar to another function may be understood to share similar methods of interaction. Humans appear to be good at matching patterns; we seem to encode knowledge about particular situations and people, looking for common elements in the world. This allows us to minimise our mental effort and to capitalise on the regularities of events and situations. When we are in new but similar situations, we draw on this information to know how to behave appropriately and what to look for. In terms of HCI, this means that new computer systems should be designed to take advantage of culturally accepted conventions that users hold about the world and machines. New users could use their existing knowledge to interact, to find help, etc. Unfortunately, in interface design there are few universally accepted conventions. Different operating systems and programmes often use different approaches to interaction, and expecting the user to rely on this knowledge alone can be frustrating or even dangerous. An example of this is the ‘quit’ command which in different systems may operate at either the document, programme or systems level. It might just close the document; it might quit the programme… or it might shut down the computer! In practice, it seems that outside of very simple operations, we do not simply look for patterns and follow routines. As we can see from our 31
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own and the everyday behaviour of others, humans can make inferences in complex situations: we predict future states of the system and we comprehend situations we have never personally experienced. These behaviours are not adequately described by simple pattern matching activities, and other theories of mental representation that could explain them have since been developed. One of these was the idea of the mental model.



Mental models in psychology Activity You are faced with the following scenario: the central heating has just come on but the room is cold. You see that the room thermostat is set to its normal temperature, and that this is higher than the current temperature. What do you do? Do you turn the thermostat up or leave it and hope that the temperature warms up? The perhaps odd answer is that you should leave the thermostat unchanged. The reason why many people choose to increase the thermostat is that their mental model of the central heating system involves a conception that the thermostat will increase the power of the boiler. However, it does not. The boiler (unless it is very unusual!) will not increase its output and will just keep burning until the temperature on the thermostat is reached, when it will turn itself off. This mental model that people have of the thermostat has been described as their seeing it like a tap, rather than as what it really is: a switch. Mental models have been described as ‘mental simulations’ and they are the models that people have of themselves, other people, the environment and the things with which they interact (Norman, 1983). These models may be structural (modelling the interconnected relationships between components in a system) or functional (modelling the expected outcomes arising out of the operation of a system). Typically, mental models hold the beliefs that we have about particular things and in HCI, these are usually of machines. Examples of these are the ideas that people hold about the operation of automatic transaction (cash) machines or microwave ovens. Notably, these models are often wrong but they allow users to make judgments and predictions about how to use them. Often these mental models are based on metaphors such as viewing the computer as a typewriter, a filing cabinet or as a personal assistant and they may be formed through experience, training or observation of the phenomena. It is thought that metaphors are useful because they make abstract ideas seem to operate as if they were physical. Concrete analogies are mentally easier to process than an abstract set of relationships. Thus you can learn about electricity by comparing it to water or a crowd’s movements more easily than by explaining about atoms and electrons. It is hypothesised that we build mental models to make predictions about external events before we carry out actions. They are therefore particularly important in human reasoning and in the explanations that we give about things we see and use. As a simplified version of reality, mental models are said to be incomplete, unstable, easily confusable and based on superstition rather than fact (Norman, 1983). As mental model users we are said to be like highly speculative scientists going beyond the information we are given… and we can make wrong decisions based on these assumptions.
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The application of mental models in HCI is an important area because it is assumed that good mental models should help people to use machines. In interface design we could help users to develop effective models by providing appropriate representations at the interface. However, we need to ensure that users do not develop inappropriate mental models of devices where they can act as a hindrance or barrier to use.



Metaphor in the interface Although we have discussed metaphors above in their use in developing mental models, they deserve a closer look because of their importance in human reasoning and in their potential value to interface design. Metaphors are traditionally associated with language use. They are linguistic devices that express an abstract concept through analogy and they allow abstract concepts to become more familiar and accessible (‘concrete’) through use of metaphorical expressions. For example, we tend to talk about time as if it were money (Lackoff and Johnson, 1980) because time is such an abstract notion and because of our familiarity with using money: we save, spend, waste, burn, give and borrow time in a similar way to how we use money. Metaphors are important to HCI and interface design because they allow users to build on the familiarity that they have with other non-computing knowledge. Activity Pick out the metaphors in the following sentence ‘He booted up the computer and loaded the web browser. The application was running slowly, so he tried to shut it down but it crashed on him.’ The best-known metaphor in a computing environment is the ‘desktop metaphor’. This is an electronic representation of objects from the real world. Thus computerised files and folders operate in a similar fashion to their real-world counterparts. Little learned knowledge is required to operate these objects. The effect of metaphors is that users learn the system functions, forming a mental model from the metaphor. They can even do this while they are unaware of the underlying internal structure of the system and, as a consequence, metaphors are particularly useful for helping novice users to understand new computer systems.



Conceptual models of the interface It is important for the computer designer to find a suitable metaphor that allows users to understand what they can do with the system. Furthermore, they need to generate a metaphor for the user that will help them to develop an appropriate mental model for the device. They therefore need to construct a conceptual model of the interface or device, so that the user can understand how the device represents the task. Put more simply, users need to understand how the computer works at the level of the task they are trying to perform. The conceptual model is the way that the designer creates a system, so that it will shape the user’s understanding of the system and his/her task. Norman provides a model in which the design model and user model are linked through the ‘system image’. The system image is the visible part of the interactive system, containing all other visible and accessible parts of the interface, as well as the documentation. However, because the computer interface is the most important part of the system image it is on this that special attention should be focused. 33
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In many ways the primary task of the designer is to construct an appropriate system image, realising that everything that the user interacts with helps him to form that image: the physical knobs; dials; keyboards and displays; the documentation, including instruction manuals; help facilities; text input and output and error messages (Norman, 1986). For the user to understand, use properly and enjoy the system, the designers must make the system image explicit, easily intelligible and consistent across different tasks. They need to remember that the user does not always read documentation so a burden is placed on the image that the system projects. Newman and Lamming provide a number of design guidelines for designers that should allow them to develop good conceptual models in the devices they build (adapted from Newman and Lamming, 1995): • choose the mental model you intend the user to adopt, preferably before designing the user interface • link the choice of mental model to the intended means of interaction • hide aspects of the system image that conflict with user performance on the activity • exploit the system image to convey the intended mental model • show the state of the system as it is now and not as it was some time ago. All of these should contribute to a system image that conveys the intentions of the designer to the user in a form they can interpret and easily use.



Supporting learning through interaction A range of possible solutions is suggested that provides some form of help to the novice user. These include improving the ‘system image’ (the gap between the functionality of the system and user understanding) and allowing the user to learn by analogy, although it appears that metaphors are only rarely used in training and computer documentation. It is far more important to understand the sorts of problems that people have when they learn particular systems so that advice to designers can be more specific. We therefore need to consider how people learn. In the case of new users, studies have shown that they learn by watching others and by ‘doing things’ (plunging in without a manual). Activity Why do you think novice users have problems learning to use computer systems? So how do users approach learning a skill? One answer to this is that we gain experience by ‘learning though doing’ in the same way that we learn to drive a car, ride a bicycle or play a musical instrument. This brings out a crude distinction between two types of knowledge known as ‘knowing that’ and ‘knowing how’. These relate to the learning of facts and the learning of physical skills and are known by psychologists as declarative and procedural knowledge.1 Declarative knowledge is defined as facts about the world that we can put into words (e.g. driving a car involves use of several controls in combination with the application of the rules of the road) whereas procedural knowledge is defined as ‘how to do it’ knowledge (e.g. knowledge about how to use a car which is not easy to describe verbally). 34



1 See Eysenck and Keane (2010).
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As users and learners of any kind of skill move in the learning continuum from novice to expert, the structure of their knowledge appears to change. This has been demonstrated in studies of chess players. Experts appear to ‘chunk’ up knowledge so that rather than thinking through all of the possible moves that they can make from a given position, they tend to rely on their memories of standard moves. Typically, designers focus on helping novices to use systems. Preece et al. (1994) suggest that there are nine main ways in which we can do this: 1. Limiting user options. 2. Focusing on developing existing user interaction skills (skills transfer). 3. Providing users with multiple ways of performing tasks. Note that an increasing level of skill is required in moving from 1 to 3, but this also allows a corresponding level of functionality and flexibility. A range of other techniques is also useful. 4. Initiatives should come from the computer: users should not have to think, ‘What do I do now?’ See the novice user as a shy visitor and prompt him gently. Having made point 3, users should nevertheless be able to control the speed of the interaction and to decide when they are ready to progress. 5. Required inputs should be brief so that users have less remembering to do. There will be a reduction in the number of errors that they can make and the keyboard problems that there will be. 6. Maintain consistency and do not break user expectations. Humans search for patterns in what they see, so make use of clear conceptual models/mental models. 7. Use clear system messages. There are many poor examples of this, for example, ‘error #98746b’; ‘can’t open printer’. 8. Do not require users to remember actions but rather make use of recognition by employing affordances and metaphors. 9. Provide sufficient system feedback allowing users to ask themselves, ‘Am I on the right track?’ They can then ask for help or try another action if they have made a mistake. There is a final point that needs to be made here relating to supporting users’ learning. We very rarely act alone, or rely solely on our own intelligence to get to know how systems work. This is true of office workers as much as it is of schoolchildren or older adults. The cognitive perspective on learning provides us with a good idea of what is going on at the level of knowledge structures but tells us little of how learning occurs at a social level. Alternatives to the cognitive perspective provide us with explanations about how users acquire knowledge from other people. These approaches can help designers to identify features that motivate users to learn things. Critically these different perspectives on learning place a high degree of importance on the context in which learning takes place. Support of learning is one of the critical factors that motivate users to operate and learn about systems. It is not enough that they are presented with the information: it needs to be packaged so as to encourage exploration of the system and allow them to learn in a way that suits their needs and environment. Activity You can see many good (and bad!) examples in commercial websites that you come across. Experiment and see which ones support users of all varieties and think about why the methods used are useful or not. 35
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A final point should be made here on what is known as ‘universal usability’ (see Dix et al., 2004). This is a design approach that attempts to avoid excluding users, whatever their levels of ability or disability. In general, this is good practice and it can add to system usability by supporting able-bodied users in new contexts. Thus by making web pages more usable for people with a visual impairment you are also enabling people who are accessing web pages in audio format over a mobile telephone link, or when pictures are omitted in web pages that are compressed for viewing over a hand-held device. Visual impairments are not the only form of disability having the potential to reduce the usability of computer systems. Impaired motor function, difficulties with hearing and a variety of cognitive impairments (from epilepsy to memory loss) may all prove to limit a user’s access to the functionality of the interactive system. The impact of this in design can be far reaching as in: providing the facility to input and output data in different formats or media; the provision of specialist input and output devices; the provision of linking input and output through different interaction styles (see next chapter). Bookshop case study example – ABCbookshop.com One of the important things to do in designing the website is to develop a conceptual model of the device before developing the system. This is important because developing a conceptual model late on in the process may be constrained by decisions that have already been made by the design team and it is important that any database designs or system architectures are able to accommodate the interface designs that are developed. Metaphors need to be applied in developing designs that promote the generation of good mental models by users. One of the most common metaphors used in e-commerce websites and online bookshops is the shopping basket. This is intended to give the impression that the site is like a real shopping outlet and that users can manipulate the contents of a computer file just as they would with a physical container. However, there are numbers of other metaphors that are used in online bookshops that are not all consistent with this physical model of a shop, such as bookmarks (from a book model) and suggestion lists (from an agent model). This is not to say that the conceptual model of the website design needs to be rigid in its application and keeping to the idea of a physical bookshop, but where it deviates designers should take care not to confuse the mental model that users will develop. It is important to recognise that the developers of the ABCbookshop.com website do not need to follow this standard conceptual model of a physical bookshop. Any other model may be used as long as it allows users a method by which they can develop a mental model that allows them to understand and make effective use of the site. The designers of ABCbookshop.com also have a problem with communicating an understanding of the use of their system to users. As it is a website, its users are not forced to make use of it as they might with an office-based system. Moreover, there are huge numbers of competitor bookseller websites. Should the site prove hard to understand users will simply point their browser at another URL and buy elsewhere. To make this yet more challenging, ABCbookshop.com is faced with a variety of different types of users ranging from the following examples: children; inexperienced computer users; inexperienced web users; inexperienced e-commerce users; occasional users; experienced information researchers and people with a range of disabilities such as sight, hearing and movement impairments. This means that they will have to ensure that the needs of the majority (or high spenders) are met without disadvantaging the minority, who may still account for a significant proportion of the turnover of the bookstore. 36
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The use of the techniques discussed in the chapter is important in developing a usable site that supports the activities that the users are undertaking. Such techniques could include: limiting the user’s choices to those that are identified as being useful and relevant to the particular page/activity that the user is reading; making use of the skills that the user has already developed without requiring him/her to use any new skills on interaction techniques that you have developed (however much more efficient or visually appealing they are), and giving those users multiple ways to access information on the site, such as their purchased products which might be accessed through icons, hyperlinks or other methods. Other points made above are also pertinent: users should not be presented with ‘empty’ pages where they are required to determine the next course of action without some suggestions made by the computer. Examples commonly seen on this are post-purchase pages that appear after users make a purchase, simply informing users to, ‘click here to finish’. There are no options as to what they might like to do next, a commercially relevant one being to ‘continue shopping’! Similarly, users should not always be faced with trying to make choices under time pressure, without warning that they are likely to be timed out if they do not make a quick selection. Their choices are then likely to be made under pressure and could be unsatisfactory. One way to resolve this is to give users a warning with the option of extending a session. Interaction methods should be consistent across the site. System messages and instructional content should be clear, and with good feedback on any choices that users can make. It should be possible for users to ‘undo’ their actions and go back to a previous system state at any stage (prior to purchase) and for them to track their current point in the interaction (e.g. how did they get to this particular point in the interaction sequence?).



Reminder of learning outcomes Having completed this chapter, and the Essential reading and activities, you should be able to: • define what is meant by the terms ‘mental model’ and ‘metaphor’ and explain their place in HCI • describe the importance and use of conceptual models in HCI • provide ways to support users in their learning and use of systems.



Sample examination questions 1. What is the difference between recall and recognition? Show how interactive systems designers make can use of this distinction. 2. Show how designers can support less experienced users of computer systems, making use of examples to illustrate your answer.



Advice on answering the Sample examination questions The first question above will require you to begin by defining recall and recognition and demonstrating that you understand the differences between them. Good answers will place this within the context of psychological models of memory. This will need to be linked explicitly to the design of interactive systems, examples of which might be in icon design (you could discuss different forms of icon here) or in the use of pull down or pop-up menus. Remember, good design should minimise the demand on users to recall information from memory. 37
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For the second question you will need to provide a list of methods by which designers can improve the learning and initial experience of interactive systems by novices. It is not necessary to list all of the methods described in the subject guide here but you will need to provide several techniques with adequate descriptions of their application. However, the question is not just asking for a list of techniques. This may be necessary to answer the question but you need more than this. You will need to address how designers might deploy these techniques to solve problems for users. The second part of the question requires you to give examples, either from your experience or reading, of either good or bad practices by interactive systems designers illustrating the use of these techniques. You will need to address this part as well to achieve a pass.
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Chapter 4: Input, output and interaction styles Introduction The purpose of this chapter is to introduce you to the variety of different, current and future techniques and technologies used for interaction. This covers the use of input and output devices and whether they are applicable under different conditions of use. The chapter then shows how different forms of interaction styles can be used to link selected input and output devices together into more effective and usable systems. One interaction style, direct manipulation, is particularly important and you will need to examine the effect it has had on the windowing systems you are familiar with.



Learning outcomes By the end of this chapter, and having completed the Essential reading and activities, you should be able to: • explain the role of input and output in systems design • list and describe a variety of input and output devices, giving examples of situations where each might be appropriate • explain interaction styles and critically evaluate their advantages and disadvantages • discuss the role of direct manipulation in interacting with current computer systems • describe and review the core elements and other components of WIMP systems • discuss new media and the problems of interaction across different device formats.



Essential reading Sharp, H., Y. Rogers and J. Preece Interaction Design: Beyond Human−Computer Interaction. (New York: Wiley, 2011) third edition [ISBN 9780470665763] Chapter 6.



Further reading Dix, A., J. Finlay, G. Abowd and R. Beale Human–Computer Interaction. (Hemel Hempstead: Prentice Hall, 2004) third edition [ISBN 9780130461094] Chapters 1 to 4.



References cited Norman, D. and S. Draper User-Centred Systems Design: New Perspectives on Human–Computer Interaction. (Hillsdale, NJ: LEA, 1986) [ISBN 9780898598728]. Shneiderman, B. Designing the User Interface: Strategies for Effective HumanComputer Interaction. (Wokingham: Addison-Wesley, 2009) fifth edition [ISBN 9780321537355].
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Input and output technologies A key question we need to begin with is to ask what ‘input’ and ‘output’ are and what role they have in interactive systems design. We shall begin by considering input and input devices. The creation of an input into the computer is best thought of as the process that occurs as information from inside the user’s head or from the environment is transformed into the sort of data that computers can use. In the same way, the creation of an ‘output’ is the process of re-representing computer data into a form that the user can comprehend and make use of. Input and output devices are therefore the mechanisms that allow this process to take place. We will consider each in turn. When developing and selecting an input device the designer is faced with a variety of problems. Often there is no single optimal device for all aspects of the task and design trade-offs need to be made. At a general level, the choice of an input device depends on the form of input we select, ranging between text, graphics, voice and detection of movement. Two devices are commonly used in text-based input: 1. keyboards (for alphanumeric data entry) 2. pointing devices (for positioning and object selection). Several forms of keyboards are in use, each with their own advantages and disadvantages, and you will need to understand what these are. Activity Using your books, pick four different types of keyboard layouts. Describe their advantages and disadvantages and suggest situations where each would be particularly appropriate. Pointers are devices that can be used to specify a point or path in 1D, 2D or 3D (dimensional) space. A range of design issues are associated with selecting a pointing device depending on how much control over the pointer is required, the dimensions they are used in (2D or 3D) and ease of use (for a range of user abilities and in a variety of environments). The most common pointing device is the mouse but several other types exist including the trackball, touchpad, joystick, touchscreen, lightpen, digitising tablet and keypad control keys. Each has different advantages and disadvantages, depending on the particular design issues noted above and according to the task for which they will be used. As well as these more or less standard devices, developments in input such as the ‘mole’ (or ‘footmouse’), gaze trackers, handwriting and voice recognition have also been used. More futuristic devices are currently being developed for virtual reality (VR) including 3D mice, VR helmets that can track head movements, datagloves that allow precise hand movements and gestures to be used as input and full bodytrackers that do the same for the whole human body. Output devices convert electronic, internal, computer representations into things that can be sensed and perceived by users or that act on the environment. Output can be visual (the dominant mode for output from interactive systems), as machine activation or as sound. We will concentrate primarily on visual output through monitor screens because this is the most frequently used output technology at present. Although considered less important than visual output, sound output is increasingly important and is usually used for giving the user feedback on their actions to alert them and also for people with disabilities (particularly visual dysfunction). Other output devices include 3D screens and helmets, tactile or force feedback (e.g. reading Braille) and speech output. 40
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The range of input and output methods used in computer-based systems that are now in use has recently increased with a huge variety in styles of mobile telephone handsets and mobile computer platforms. Although their basic layout is often functionally very similar, the ways that users can generate input and output frequently do differ and this has important consequences for the interaction styles that are developed around them. For example, the numeric keypad on most mobile telephones also allows users to generate alphabetic letters and to use what is called ‘predictive’ text. A variety of buttons, scroll buttons, softkeys, pushbars and even penlike styluses may be employed in a range of different ways to access the functionality of the devices.



Interaction styles ‘Interaction styles’ is the term used to describe the different approaches to communication between users and computer systems. There are several types and these include command entry (e.g. MS-DOS, LINUX and UNIX), various systems-driven techniques (menus, question and answer, query dialogues, and form fill-in techniques) and direct manipulation. Some of the advantages and disadvantages of these interaction styles are discussed below: Interaction style



Advantages



Disadvantages



Command entry systems



Functionally powerful with many features.Quick to use.



Require users to remember command words. Little feedback on user actions.



Menus



Used for information navigation. Restrict potential actions – safe for novices to use. Reduce memory load because they place ‘knowledge in the world’.



Little functionality and restrict user freedom to act as they might wish to.



Form fill-in (e.g. spreadsheet interface)



Works by taking paper as a metaphor. Simple and intuitive.



Minimally interactive.



Natural language (e.g. English)



Intuitive and potentially powerful. Can be used for simple interactions (e.g. telephone booking systems where users select from a list).



Range of technological limitations in its use. Ambiguity in language interpretation by the computer.



Table 4.1 Interaction styles.



The most important current interaction style, however, involves the use of direct manipulation and WIMP systems (discussed below). The central tenets of direct manipulation are the visibility of the objects of interest, actions being performed through the use of rapid, reversible, incremental behaviours and actions performed directly on the screen objects (replacing a command language). Conceptually, direct interaction attempts to bridge the gulfs of execution and evaluation (Norman and Draper, 1986). The gulf of execution is the ‘distance’ between the user’s goals and the means of achieving them through the system and the gulf of evaluation is the ‘distance’ between the behaviour of the system and the user’s goals. You will need to read about these terms in the literature to cover this area in detail. 41
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Shneiderman (1998) suggests several factors for the success of direct manipulation, which include: • novices can learn functionality quickly • experienced users can define new functions and features • casual or intermittent users can retain operational concepts • built-in constraints mean that all user actions are legal operations • change is incremental with immediate feedback to users about their actions • users have reduced anxiety because the system is comprehensible and actions are reversible • users gain confidence because when they initiate actions they can see changes and predict system actions. One of the ways in which direct manipulation interaction styles have been implemented in computer systems is through the use of windowing and in particular ‘WIMP’ systems. The windowing systems that we use today are often known as graphical user interfaces or ‘GUIs’. However, this is inaccurate and confusing because their use is more complex than the term ‘GUI’ suggests (i.e. that the interface is simply ‘graphical’). Rather than use GUI, another term, WIMP, is used here. This is the most common interactive environment for interactive systems and the acronym stands for windows, icons, mouse and pull-down menus. It is often also known as windows, icons, menus and pointers. One of the most important aspects of windowing systems is that they allow multi-tasking, where the user can work on several tasks simultaneously, using a monitor that behaves like several independent terminals. The WIMP system makes use of several virtual devices: these are the things on-screen that allow the user to perform actions and include the cursor, scroll bars, buttons and so on. They are ‘virtual’ because the only real, physical devices present are the screen (and its associated controls), the mouse and the keyboard. The virtual devices link the output and input technologies to the idea of direct manipulation so the user can make changes and interact with the ‘virtual objects’ using them. A good example of the use of WIMP systems in improving a user’s understanding of the computational state that a system is currently in is through the use of the cursor. Although it is not often recognised as such, this simple device is used to let users know more about what they can and cannot do at a given time. For example, within a word processing application the cursor has two primary states: a mouse cursor (usually identified as an arrow) and a text cursor (usually identified as an ‘I’ beam). Depending on whether the cursor is editing the document as a whole or as a part of the text itself, it will take either form. Yet within these there is an additional aspect to the cursor. The mouse cursor may change shape during an operation to demonstrate that the processor is busy and cannot be used or document manipulation of other selection activities, by changing shape into an hourglass, spinning wheel or clock face to give user feedback on this. Similarly, the text cursor may change shape during editing to show whether the cursor is over editable text (where it looks like an ‘I’), is ‘clicked’ into the text and is ready for editing (where it looks like an ‘|’) or is clicked into the text in an italic state (where it looks like an ‘/’), see Figure 4.1 below. This feedback is extremely useful to users in allowing them to determine an appropriate course of action. 42
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Figure 4.1 Text cursor.



In addition to the windows, icons, mouse and pull-down menus, several other elements can be used to increase the interactivity of the WIMP interface. These additional interaction objects and techniques are generally used for specific purposes and form a toolkit: these are known as control widgets. An example of one such control widget is the palette, which allows the user to differentiate and move between different modes of operation. Others include buttons, toolbars, dialog boxes, check boxes, sliders/scrollbars, gauges, text fields and dynamic menus. In recent years, the increasing use of non-keyboard based computerised systems such as mobile telephones, hand-held computers and touchscreens, has had an impact on what had previously been considered as good practice in interaction, and has challenged the dominance of direct manipulation and WIMP systems. For a variety of reasons, such as their small screen size, missing or unsuitable input and output hardware, these systems often do not allow direct manipulation to be used and new interaction styles have to be adopted and developed. For computer-based appliances (such as household technologies) it may be an explicit feature of the design not to look or feel like a computer interface (even a welldesigned one!). This is because the users do not have to engage with the full set of interactional resources that the general purpose PC computer users need to access, which may: a. require a high level of user knowledge and attention, and/or may b. look or feel inappropriate for the setting.



Designing mobile and ubiquitous computing The last few years have seen enormous change in the computing environment, with mobile, touchless and ubiquitous (or pervasive) computing being turned out of research labs into the commercial marketplace. The most prominent and visible of these can be seen in the proliferation of internet-enabled, interactive touchscreen devices. These range from the small (e.g. iPhone™ and Android™ smartphones), to the book-sized (e.g. Kindle™ and iPad™), and to the large (e.g. Microsoft Surface™). Interaction methods that work with a cursor, such as WIMP, become less feasible when a user’s finger is used instead. We also see that a degree of precision is lost when the finger is used instead of a cursor: users can miss buttons or select the wrong text. This is particularly problematic on small-screened devices in which screen ‘real estate’ is limited. Apple’s iOS™ systems resolve this when users are typing by applying algorithms to predict what letters users are likely to type from what they have already inputted, and selectively ignoring key presses or areas of the touch screen keyboard that appear unlikely selections. This improves the user’s experience of the system… as long as this is what they intended to type, but may on occasion lead to a good deal of frustration as the device refuses to accept the user’s input, and they will have to delve deeper into the interface to correct this problem. Voice recognition 43
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is beginning to approach the stage where it can be used in simple interactions and as a form of text input. For mobile devices, this is often very useful, as typing text onto small screens or when the user is doing other activities (such as driving) is problematic. Apple has pioneered this in their use of Siri™ in often relatively complex interactions, again, making use of algorithms that detect the user’s needs and context from their location, diary information on the device and other information to try to piece together what the user intended in their request. There are, however, new opportunities as sensors become integrated into these devices, so that the device can tell where we are (e.g. through GPS), the directions that we are facing (e.g. using an integrated compass), and our movements, such as shaking the devices or walking around (with an accelerometer). Novel output forms, such as vibration and heat (through controlled thermal dissipation) offer additional channels for designers to provide appropriate and application-specific information to the user. Some of these interactive touchscreen devices are ‘situated’; that is, they are devices that are fixed in specific locations rather than as personal devices (e.g. Steelcase’s RoomWizard™). Indeed, as we see computing technology ‘disappearing’ into the fabric of the world, user interaction becomes more complex and difficult to design for. As the computer itself appears to disappear, where are users to look for the interface? We already see this with RFID (Radio Frequency IDentification) cards, such as Transport for London’s Oystercard™ payment system, and there are plans to integrate similar ‘near field’ communication technologies into mobile telephones. All the user needs to do is bring their device close to another one, and they can make payments, or share digital content. This lack of visually direct and controlled interaction offers little feedback to the user as to whether it is being used appropriately, or indeed at all. One solution is to provide visual or audio-based feedback to users, but this may not be fully appropriate or detailed enough for the user’s needs. Ultimately, such difficulties may lead to users losing trust in the system, and this is a serious concern for their designers. There may be occasions where we no longer require devices to interact with embedded computer systems. Facial recognition for example can be used to identify individuals, voice or gesture recognition (e.g. through Microsoft’s Kinect™ controller) may be used as forms of user input, and passive infrared may be used to track users around a space. These systems may also be paired up with non-traditional forms of computer output, such as ambient sound, projected surround screens or even user’s clothing. Systems such as these may be used to control anything from home heating systems, in which only occupied rooms are heated, games systems in which users move to interact with other online characters, or in workplaces that present digital content that is specific to those present in particular locations. Each of these will probably require unique forms of interaction design, although we are also likely to see standards arising, much as we have seen on the desktop, as designers try to allow their users to draw from their existing knowledge in making sense of these interfaces. As in other settings, standardisation, consistency, feedback and providing a sense of visibility of the state of the system are likely to be critical elements in any design. Whatever the novel forms of input and output used in these emerging technologies, the important question for HCI must be how these can be tied together to support the user’s ongoing activities through the application of a suitable interaction style. Such emerging techniques include augmented or mixed reality (e.g. the iPhone ‘Layer’ app) in 44
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which the user points their mobile device at things in the world to find information on them, and gestural interaction, in which stylised gestures (which may be a finger on a touch screen or a whole body sensed by a camera) can be interpreted by the computer to create inputs; feedback and output from the system may be tied into the user’s interaction input with localised vibration, or it could be through an onscreen avatar that reacts to the user’s actions and can be seen to be affected in some way by systemgenerated operations. Bookshop case study example – ABCbookshop.com As the designers of a website, the designers at ABCbookshop.com have little chance to control the kinds of input and output devices that their users employ. However, they are able to control the form of interaction style that is used in their website. In terms of designing for devices the designers need to ensure that they are able to cater for as wide a range of interaction devices (input and output) as they are able to and, at a minimum, support the greater majority of users preferably without excluding any special needs user groups (e.g. people with a disability who are using unusual input or output devices). These include screen readers such as JAWS or Brookes Talk, and when designing for these screen readers the website designers need to follow standard conventions such as using an alternative text description for all images on the site, to avoid ‘silent pages’ where nothing can be read off screen and to use meaningful labels (e.g. a link labelled as ‘click here’). The interaction style that the designers at ABCbookshop.com can apply is similarly constrained by what can be done using a web browser (mainly through hypertext links), although developments in browser ‘plug-ins’ do allow more flexibility. But beware: these should be used with caution as not all users will have access to these, the site may take a longer time to download and, as well as this, increasing the potential methods of interaction can decrease the usability of the system. One approach that users may find simple to use is that of direct manipulation: dragging images of a book from one location to another location on the web page may give the user a real feel for what they are achieving in a similar way to the interaction methods that they use on the desktop and elsewhere on their computer.



Reminder of learning outcomes Having completed this chapter, and the Essential reading and activities, you should be able to: • explain the role of input and output in systems design • list and describe a variety of input and output devices, giving examples of situations where each might be appropriate • explain interaction styles and critically evaluate their advantages and disadvantages • discuss the role of direct manipulation in interacting with current computer systems • describe and review the core elements and other components of WIMP systems.



Sample examination questions 1. What is meant in HCI by the terms ‘input’ and ‘output’? Use examples to demonstrate technologies that support them. 2. Compare and contrast at least three interaction styles.
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Advice on answering the sample examination questions For the first question you will need to define the terms in relation to their application in interface design: allowing the user to change the state of the computer system (input) and for the user to change the state of the external world so that the user can see the need to make an input or to get feedback as a result of their actions (output). Then you will need to illustrate your answer through describing technologies that allow this to take place. Good answers will provide numerous examples discussing how the setting or context of use might make particular input or output devices particularly appropriate. The second question is related to this. A good answer will begin by describing briefly what an interaction style is so that the answer is more meaningful. You will need to describe at least three interaction styles, any fewer will pick up few marks. Do not just describe them! They need to be discussed in relation to one another showing the pros and cons of each and the conditions under which each might be appropriate. Examples of where such interaction styles are used (effectively or not) will gain you more marks.
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