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        Introduction

        The value of graphics can hardly be overestimated. Graphs, charts, matrices, tables and diagrams are like pictures: they can ‘speak a thousand
          words’. They are useful for expressing information clearly and simply, and they can be used as a visual-thinking tool – for
          yourself and for groups. There are a number of techniques and types, each suited to different tasks. This course covers two
          groups of devices. The first deals with graphs, charts and matrices; the second covers the kinds of diagrams that are useful
          for identifying and solving problems. Note that the word ‘data’ is plural (the singular of data is ‘datum’), so you will come
          across phrases such as ‘these data …’ or ‘data are …’.
        

        This OpenLearn course is an adapted extract from the Open University course Q62 Computing and IT.
        

      

    

  
    
      
        Learning outcomes

        After studying this course, you should be able to:

        
          	understand the value of graphics as visual thinking tools

        

        
          	give examples of relevant graphics used in the business context.

        

      

    

  
    
      
        1 Graphs, charts and matrices

        
          1.1 Line graphs

          A line graph is a method of showing a relationship between two variables, such as the output of an organisation and the associated
            costs. There are some special terms that you need to understand in order to create and interpret line graphs. These terms
            include: the axes, the origin, the intercept and the slope (or gradient).
          

          Table 1 contains data about the output of an organisation and the associated total costs. The relationship between the output and
            the total costs of producing the output is as expected, that is, the costs rise as the output rises.
          

          
            Table 1: Output and total costs

            
              
                
                  	Output
                  	Total costs (£)
                

                
                  	0
                  	10
                

                
                  	10
                  	30
                

                
                  	20
                  	50
                

                
                  	30
                  	70
                

                
                  	40
                  	90
                

              
            

          

          These data can be displayed in a line graph as shown in Figure 1.
          

          
            [image: Figure 1]

            Figure 1: Output and total costs — a line graph

          

          
            1.1.1 The horizontal and vertical axes

            The total costs depend on the output, so the output is the ‘independent variable’ and the total costs are the ‘dependent variable’.
              When there is a dependence of this kind, the independent variable is plotted on the horizontal axis, which is also called
              the x axis. In the graph, output has been plotted on the horizontal axis. The dependent variable is plotted on the vertical
              axis, also called the y axis. The total costs have been plotted on the vertical axis.
            

          

          
            1.1.2 The origin

            The origin is the point on the graph where the x axis value (the output) and the y axis value (the total costs) are both zero.

          

          
            1.1.3 The intercept

            When a line cuts an axis, the line is said ‘to intercept the axis at’ [the particular point]. In this example, the line cuts
              the vertical (y) axis at £10, so ‘the line intercepts the y axis at £10’. It can also be said that ‘the intercept with the
              y axis is £10’.
            

          

          
            1.1.4 The slope

            The slope (or gradient) of the line describes its steepness. The steepness is measured by considering two points on the graph,
              A and B. The vertical distance between the two points is 20; the horizontal distance between them is 10. The steepness of
              the line is the ratio of these two distances:
            

                [image: ]

            In the example the slope is 2. This tells us that for every change of one unit in the value of x, there will be a change of
              two units in the value of y.
            

            When you know the intercept and the slope, then you have a complete picture of the line. The particular graph in the example
              can be described mathematically as follows:
            

                y × 2x + 10

            In this equation the slope of the line is 2, and the intercept on the y axis is 10. The equation shows that the total cost
              (y) of an output can be found by multiplying the output (x) by 2, and then adding 10.
            

          

        

        
          1.2 Time series line graphs

          In time series line graphs, data are plotted or organised along a time dimension. Time series graphs are used for displaying
            data that show cyclical fluctuations or changes, such as growth, over time. Suppose that you wanted to present the data shown
            in Table 2 as a graph.
          

          
            Table 2: Number of staff in an organisation

            
              
                
                  	Year
                  	1
                  	2
                  	3
                  	4
                  	5
                  	6
                

                
                  	Total
                  	10
                  	25
                  	40
                  	55
                  	60
                  	65
                

              
            

          

          You would plot the data in a line graph like the one shown in Figure 2.
          

          
            [image: Figure 2]

            Figure 2: Number of staff — a time series line graph (large scale)

          

          As a rule, the variable plotted on the horizontal (x) axis is the interval of time, for example years, months or minutes.
            This rule leads to the use of ‘time series’ to describe this kind of chart. The other variable, in this instance ‘Number of
            staff’, is plotted on the vertical (y) axis. The points are then joined up to form a continuous line, which shows how staff
            numbers have changed in the organisation over the years.
          

          
            1.2.1 Selecting the scales

            The scales that are used determine the look of the graph. For example, if the horizontal distance between ‘Year 1’ and ‘Year
              6’ shown in Figure 2 were doubled, the line would be stretched to double its present length. If the horizontal distance were halved, then the
              length of the line would be halved. Each of the graphs would be mathematically correct.
            

            Now suppose that you had to draw a line graph of the staff in a second organisation using the data shown in Table 3. Figure 3(a) and Figure 3(b) show two ways of presenting the data.
            

            
              Table 3: Number of staff in an organisation

              
                
                  
                    	Year
                    	1
                    	2
                    	3
                    	4
                    	5
                    	6
                  

                  
                    	Total
                    	200
                    	220
                    	240
                    	255
                    	270
                    	260
                  

                
              

            

            
              [image: Figure 3(a)]

              Figure 3(a): Number of staff – a time series line graph (small scale, compressed)

              View description - Figure 3(a): Number of staff – a time series line graph (small scale, compressed ...

            

            
              [image: Figure 3(b)]

              Figure 3(b): Number of staff – a time series line graph (small scale)

              View description - Figure 3(b): Number of staff – a time series line graph (small scale)

            

            Although both of the line graphs are mathematically correct, they look different. The effect, in Figure 3(a), of beginning from zero has been to compress the data shown on the y axis (from 200 to 260) and so make it harder to understand
              the graph. In Figure 3(b) the vertical scale begins at 200 and the scale has been extended so that the information presented in the graph is much clearer.
            

            The presentation of data – the ‘picture’ of the data that is presented in a graph – varies according to the scales selected.
              Choose scales that are appropriate. As you examine a graph, pay particular attention to the scales.
            

          

        

        
          1.3 Pie charts

          A pie chart is a way of presenting proportional data in the form of a circle – the ‘pie’. Each ‘slice’ shows its proportion to the whole. The whole itself must be finite
            and known, for example, the total number of staff in an organisation or the total IT maintenance budget.
          

          Suppose that the staff of an organisation are comprised as shown in Table 4.
          

          
            Table 4: The composition of staff in an organisation

            
              
                
                  	
                  	Number
                  	%
                

                
                  	Senior managers
                  	20
                  	10
                

                
                  	Other managers
                  	30
                  	15
                

                
                  	Administrative
                  	70
                  	35
                

                
                  	Clerical
                  	80
                  	40
                

                
                  	Total
                  	200
                  	100
                

              
            

          

          You could show this composition in a pie chart like the one in Figure 4.
          

          
            [image: Figure 4]

            Figure 4: The composition of staff – a pie chart

          

          The area of a segment (or ‘slice’) of the pie chart corresponds to the proportion that the category occupies in the whole.
            For instance, the segment marked ‘Other managers’ occupies 15 per cent of the whole pie.
          

          You can use a pie chart when you want to show the components of a whole. It is possible to use a pie chart to illustrate the
            composition of the staff in an organisation because the data describe the whole organisation. Notice that the percentages
            add up to 100.
          

          You could also use pie charts to show the composition of staff in an organisation in two (or more) years. Data are shown in
            Table 5, and data for each year are shown in two pie charts, Figures 5(a) and 5(b).
          

          
            Table 5: The composition of staff in an organisation in Year 1 and Year 2

            
              
                
                  	
                  	(a) Year 1
                  	(b) Year 2
                

                
                  	
                  	Number
                  	%
                  	Number
                  	%
                

                
                  	Senior managers
                  	20
                  	10
                  	35
                  	14
                

                
                  	Other managers
                  	30
                  	15
                  	25
                  	10
                

                
                  	Administrative
                  	70
                  	35
                  	60
                  	24
                

                
                  	Clerical
                  	80
                  	40
                  	130
                  	52
                

                
                  	Total
                  	200
                  	100
                  	250
                  	100
                

              
            

          

          
            [image: Figure 5(a)]

            Figure 5(a): Composition of staff in Year 1 – a pie chart

            View description - Figure 5(a): Composition of staff in Year 1 – a pie chart

          

          
            [image: Figure 5(b)]

            Figure 5(b): Composition of staff in Year 2 – a pie chart

            View description - Figure 5(b): Composition of staff in Year 2 – a pie chart

          

          The Year 1 pie chart (Figure 5(a)) is the same as Figure 4 because the data are the same. The proportion of senior managers is 10 per cent. Their number increases in Year 2, so in
            Figure 5(b) which represents that year, they account for 14 per cent of the staff compared with 10 per cent in Year 1. The ‘Senior managers’
            segment is proportionately larger. The ‘Other managers’ and ‘Admin’ segments are smaller compared with Year 1, and the ‘Clerical’
            segment is larger.
          

        

        
          1.4 Bar charts

          A bar chart is another way of presenting data. It is designed to show frequency distribution, for example, the number of staff in each of four categories in an organisation. You could present the data given in Table 6 in a bar chart as shown in Figure 6.
          

          
            Table 6: The composition of staff in an organisation

            
              
                
                  	Senior managers
                  	20
                

                
                  	Other managers
                  	30
                

                
                  	Administrative
                  	70
                

                
                  	Clerical
                  	80
                

                
                  	Total
                  	200
                

              
            

          

          
            [image: Figure 6]

            Figure 6: Composition of staff – a bar chart

          

          You can see how the bar chart has been created. The four categories are marked on the horizontal axis, so the chart is built
            on that axis. An appropriate number scale is marked on the vertical axis. A vertical bar is drawn for each of the categories.
            The height of each bar represents the number of staff in that category. The width of each bar is the same. In the resulting
            chart we can see that the bar representing ‘Senior managers’ measures 20 on the vertical scale; that representing ‘Other managers’
            measures 30; that representing ‘Administrative’ measures 70; and that representing ‘Clerical’ measures 80.
          

          Of course, you can show more than one set of data on a bar chart. Suppose that you wanted to present the data shown in Table 7.
          

          
            Table 7: The composition of staff in an organisation

            
              
                
                  	
                  	Year 1
                  	Year 2
                

                
                  	Senior managers
                  	20
                  	35
                

                
                  	Other managers
                  	30
                  	25
                

                
                  	Administrative
                  	70
                  	60
                

                
                  	Clerical
                  	80
                  	130
                

                
                  	Total
                  	200
                  	250
                

              
            

          

          Then the bar chart could be shown as Figure 7(a) or as Figure 7(b).
          

          
            [image: Figure 7(a)]

            Figure 7(a): Composition of staff in Years 1 and 2 – bar chart

            View description - Figure 7(a): Composition of staff in Years 1 and 2 – bar chart

          

          
            [image: Figure 7(b)]

            Figure 7(b): Composition of staff in Years 1 and 2 – bar chart

            View description - Figure 7(b): Composition of staff in Years 1 and 2 – bar chart

          

          Notice the difference between the two bar charts. In Figure 7(a) the dominant relationship, the one that will catch the reader's eye, is the one between the four categories in each of the
            two years. The emphasis remains on the composition of the whole staff in each of the years. In Figure 7(b) the dominant relationships are between each of the four categories. If you wanted to emphasise how the numbers in the four
            categories had changed during the two years, you would choose the type of representation shown in Figure 7(b).
          

        

        
          1.5 Matrices

          A matrix is an arrangement of ‘cells’ in rows and columns. A spreadsheet is a simple example of a matrix. Each cell is described
            by its position in a column, normally denoted by an alphabetical letter, and in a row, normally denoted by a number. So ‘cell
            B6’ on your spreadsheet is the one which occupies column B and row 6. The size of a matrix is described by the number of rows
            and the number of columns (in that order).
          

          A ‘two-by-two’ matrix has two rows and two columns. A ‘three-by-two’ matrix has three rows and two columns.

          
            1.5.1 Using matrices

            A matrix can be a useful way of organising your thinking about a topic. Suppose that you were asked: ‘How will you know when
              you have written a good assignment?’. Suppose as well that you thought ‘usefulness’ and ‘mark’ were the two measures by which
              you would judge an assignment. You could use a two-by-two matrix like the one shown in Figure 8.
            

            
              [image: Figure 8]

              Figure 8: A matrix for judging an assignment

            

            The labels on the two axes of the matrix (the rows and the columns) are your two criteria, ‘usefulness’ and ‘mark’. Each of
              the criteria can be divided into ‘low’ and ‘high’ so that you now have four cells each of which describes a particular combination
              of ‘usefulness’ and ‘mark’. The four combinations represented by the matrix are: low usefulness/low mark, low usefulness/high
              mark, high usefulness/low mark and high usefulness/high mark. You would know that you had written a good assignment if it
              could be placed in the high usefulness/high mark cell of the matrix.
            

            This two-by-two matrix describes the possibilities in a simple way (‘high/low’) and so enables you to think about them. The
              criteria (‘usefulness’ and ‘mark’) are the boundaries. Whenever you can confine the criteria (the boundaries) to just two,
              you can construct a two-dimensional matrix. You could also expand ‘high/low’ into three or more categories, or you could number
              your axes, for example from 1 to 9, if you wanted to create a larger matrix than the two-by-two matrix in the example.
            

          

        

        
          1.6 Evaluation matrices

          When there are several courses of action, then one way of thinking clearly about the advantages and drawbacks of the different
            courses is to compile an evaluation matrix.
          

          
            
              Box 1: Six steps to creating an evaluation matrix

            

            
              
                	
                  List the various options.

                

                	
                  Identify the criteria by which you will judge the options.

                

                	
                  Give an importance weighting to each of the criteria. (The preferred option will be the one which has the highest weighted
                    score.)
                  

                

                	
                  Give each option a raw score from 1 to 5 under each criterion. Write the raw scores in each ‘raw score’ column.

                

                	
                  Multiply each raw score by the weight of each criterion in turn. This gives a weighted score for the option under each criterion.
                    In the example below, the walking holiday is given a raw score of 1 for ‘Happy children’. That raw score is then multiplied
                    by the weight of the criterion ‘Happy children’ (5), to give a weighted score of 5 in that column.
                  

                

                	
                  Add the weighted scores across the row for each option. The option with the highest weighted score is the winner. If two options
                    tie, then the choice must be made either (i) randomly between the tied options, or (ii) in some other way (perhaps by a review
                    of the matrix).
                  

                

              

            

          

          
            1.6.1 The example

            Suppose that a couple who have children are thinking about the next family holiday. They list five options, including staying
              at home. They also list four criteria and they give each an importance weighting on a scale of 1 to 5, where 5 is the most
              important and 1 is the least important.
            

            The evaluation matrix would look like Table 8.
            

            
              Table 8: An evaluation matrix

              
                
                  
                    	Options
                    	Criteria and their relative weighting
                  

                  
                    	
                    	Happy Children
                    	Low cost
                    	Happy adults
                    	Easy travel
                    	Totals
                  

                  
                    	
                    	Weighting = 5
                    	Weighting = 3
                    	Weighting = 2
                    	Weighting = 1
                    	
                  

                  
                    	
                    	Raw score
                    	Weighted (×5)
                    	Raw score
                    	Weighted (×3)
                    	Raw score
                    	Weighted (×2)
                    	Raw score
                    	Weighted (×1)
                    	Raw score
                    	Weighted
                  

                  
                    	Walking holiday
                    	1
                    	5
                    	3
                    	9
                    	4
                    	8
                    	4
                    	4
                    	12
                    	26
                  

                  
                    	Cruise
                    	2
                    	10
                    	1
                    	3
                    	2
                    	4
                    	3
                    	3
                    	8
                    	20
                  

                  
                    	Beach holiday
                    	4
                    	20
                    	1
                    	3
                    	2
                    	4
                    	3
                    	3
                    	8
                    	20
                  

                  
                    	Stay at home
                    	1
                    	5
                    	5
                    	15
                    	2
                    	4
                    	5
                    	5
                    	13
                    	29
                  

                  
                    	Holiday camp
                    	5
                    	25
                    	1
                    	3
                    	1
                    	2
                    	2
                    	2
                    	9
                    	32
                  

                
              

            

          

          
            1.6.2 Using the matrix

            The results of the evaluation reflect the scores that are awarded to each option and the weightings that are attached to the
              different criteria. A change in one or the other (or in both) will lead to a change in the results. Accordingly, when you
              construct a matrix of this kind be sure to think hard about the scores and weightings. A matrix like this can be used in many
              ways, for example, when interviewing applicants as part of a selection process.
            

          

        

      

    

  
    
      
        2 Diagrammatic representations

        
          2.1 Force-field diagrams

          A force-field diagram shows the opposing pressures (or forces) that are bearing on a situation. Within the context of planning
            and managing change, the diagram shows the forces which are supportive of change (the driving forces) and the forces which
            are likely to be unhelpful or resistant (the restraining forces).
          

          
            2.1.1 The diagram

            Suppose that a manager is planning or exploring the possibility of a change (in working practices, for example). The manager
              can represent the current situation as a horizontal line. The driving forces, those forces or reasons that are supportive
              of a change, can be represented as downward-pointing arrows that are seeking to push the line. The restraining forces, those
              forces or reasons that are likely to resist the change, can then be represented by upward-pointing arrows that are supporting
              the line (the current situation) and are seeking to keep it where it is.
            

            A general force-field diagram is shown in Figure 9.
            

            
              [image: Figure 9]

              Figure 9: A general force-field diagram

            

            The thickness of an arrow can be used to show the strength of a force. The length of an arrow can be used to show how difficult
              it would be to modify the force. However, these conventions are not hard and fast. You can adopt them or you can use your
              own. It is usual to explain your conventions in a note below your diagram.
            

          

          
            2.1.2 How a force-field diagram can help

            
              	
                The diagram is a useful expositional or presentational device. When you are presenting an analysis or proposal, the diagram
                  will enable you to describe (and distinguish between) the reasons for a change. It will enable you to do the same for the
                  reasons why a change may be resisted.
                

              

              	
                The diagram will be an explicit prompt for exploring the restraining forces. The more a manager finds out about these, and
                  the earlier, the better placed the manager will be to find a way to deal with them. The idea of the restraining forces reminds
                  a manager to look for and identify them.
                

              

            

          

        

        
          2.2 Input-output diagrams

          An input-output diagram shows the inputs to a system or to an operation and the outputs from it.

          
            2.2.1 A first diagram

            For example, think about the inputs to the running of a commuter rail operation and the outputs from it. The diagram might
              look like the one in Figure 10.
            

            
              [image: Figure 10]

              Figure 10: Inputs to and outputs from a commuter rail operation

            

            The advantage of portraying inputs and outputs in this way are as follows:

            
              	
                The portrayal will show the inputs and the outputs in a way that emphasises the flow of inputs into the operation and the
                  subsequent flow of outputs from it. The use of the arrows will establish this sense of movement.
                

              

              	
                At the same time, the diagram will provide the benefits of the two matching lists, the inputs and the outputs. You will gain
                  a sense of the transformation of the inputs into outputs.
                

              

            

          

          
            2.2.2 A second diagram

            This first representation can be developed in the way shown in Figure 11.
            

            
              [image: Figure 11]

              Figure 11: Inputs, transformation, outputs

            

            Figure 11 includes a general representation of the process that transforms the inputs into outputs. In the example, the transformation
              is the movement of the passengers, the customers, from their home railway stations to the stations close to their work. The
              diagram can help your thinking in two ways:
            

            
              	
                It emphasises the need for a transforming process. Something must be done with the inputs in order to achieve the outputs.

              

              	
                The transformation process is the reason for the existence of the organisation. It is the value that the organisation adds
                  to the inputs.
                

              

            

            You can apply an input-output diagram to an organisation or to a part of an organisation. You can apply it to your own work
              or to your activities outside work.
            

            When you identify the inputs and the outputs, identify those ones that are sufficient for your purposes. Sometimes, it will
              be appropriate to identify a relatively long list of both. At other times, it will be sufficient to identify just the major
              inputs and outputs.
            

          

        

        
          2.3 Influence diagrams

          An influence diagram shows the influences, from within the organisation or from outside it, which bear on a person or unit.

          
            2.3.1 The model

            Figure 12 shows some of the influences which bear on an organisation. These influences, of course, are felt not by ‘an organisation’
              but by people within the organisation. It is sensible, therefore, to talk about the influences on the management or on the
              manager within the organisation. Thus, Figure 12 shows the firm as the main system, while the manager and the other staff are shown as two subsystems within the main one.
            

            
              [image: Figure 12]

              Figure 12: Influences on the manager of a firm – influence diagram 

            

            The diagram provides the opportunity to identify the external systems or bodies which influence the manager's thinking. Some
              of those external systems are to do with the organisation's business. They include the competitors, the customers, and the
              legal rules within which the firm must operate. If the firm is a subsidiary, then the parent organisation will be a powerful
              influence. But other influential systems lie outside what is probably understood as the business. For example, it is sensible
              to include the manager's family (as an influence to represent the whole of the manager's private life). It will be equally
              sensible to include the manager's goals.
            

            These two latter influences, the manager's family and the manager's goals, express the strength of this way of portraying
              the influences on a person's (in this instance, a manager's) behaviour. The range of the analysis is entirely up to the analyst
              – the person who draws the diagram – to decide. In the example, any system or body can be represented on the diagram if it
              exerts an influence on the person whose behaviour is being examined. Perhaps one member of the manager's family is particularly
              influential; in that instance, that one person can be represented, along with or to the exclusion of the rest of the family.
              In the same way, the manager's goals could be amended to show a particular goal to which the manager was strongly committed.
              An influence diagram can also be used to explore and identify the extent to which the powerful people within the organisation
              (the senior managers) are sensitive to the forces outside the organisation which are bearing on the organisation.
            

          

        

        
          2.4 Systems thinking

          ‘The whole is more than the sum of its parts’ is a good place to start thinking about systems. A car is more than its individual
            components. We can think of a football team as being more than a collection of individual players or a family being more than
            a group of people who share the same name.
          

          Each of these examples – the car, the football team and the family – can be seen as systems. Individual parts of a system
            are connected together in some way for a purpose.
          

          Examples of other systems include the local hospital, or the hospital catering system with the purpose of providing food for
            the patients and staff as part of the hospital system for helping the sick and injured. But the idea of systems goes beyond
            collections of tangible components such as people, equipment and buildings that form part of various systems. Systems also
            include intangible items such as ideas, values, beliefs and norms. These intangible things are factors in a system.
          

          We can see that families have beliefs and behaviours that guide how they interact with each other and with those outside the
            family. Football teams and their football clubs have strong bonds of beliefs, loyalties and aspirations, and they show these
            in how they behave when they appear in their club colours. Their systems have tangible elements such as the playing field,
            the seating areas, the players, officials and supporters but also intangible elements like their hopes and fears, their history
            and songs, and their reputation.
          

          We also think about a boundary around each system. This defines those things that are part of the system and those that are
            outside it. Each element of the system is connected to every other, affects how the system behaves, and is affected by it. All members in a family system are connected with the other members of the system (both the people and the intangible values and beliefs)
            and are affected by them, and affect them too. The camera that takes the family photographs can see the tangible parts but
            cannot see intangible parts of the system.
          

          In the family photograph we can see grandparents, parents and children. We can see within the larger family system a number
            of smaller systems. These are systems too but are part of the larger family system. We think of subsystems within systems.
          

          
            2.4.1 Five key ideas about systems

            Systems thinking will enable you to analyse complex issues in an illuminating way. It takes a whole (or holistic) view of
              a situation.
            

            When you think of a system, bear in mind the following five ideas:

            
              	
                Everything in a system is connected The elements of a system are interconnected. The members of a department or a voluntary group constitute a system. There
                  are connections between the members. A system can comprise people, material objects, and even such intangible elements as
                  ideas or common sets of beliefs. The idea of a system emphasises the interconnections between the elements.
                

              

              	
                A system does something A system is defined by what it produces. Every system has an output of some kind. Once again, the outputs may be tangible
                  or intangible. When you think of a hospital as a system, then the outputs will include measurable improvements in health as
                  well as immeasurable outputs in the improvements in people's feelings about themselves. The only valid components of a particular
                  system are those that contribute to the specified output.
                

              

              	
                Systems have a boundary and an environment The system boundary encloses those elements that make up the system. Think of the hospital again. The boundary of the system
                  will separate the elements that make up the system and interact with each other, from the elements that are outside the boundary.
                  The elements that are outside the boundary constitute the environment in which the system operates. Elements in the environment
                  affect the system but are not affected by it.
                

              

              	
                The system is defined by your interest What goes into and what remains outside a system is decided by your interest. In the local hospital, the system that provides
                  care for accident victims may include counselling support if you feel it is important. Your system may differ from someone
                  else's if they feel counselling is not essential. The way that you express the local hospital as a system will reflect different
                  understandings and different points of view.
                

              

              	
                Systems and subsystems A system can have one or more subsystems within it. Your local hospital, for instance, could include a catering subsystem
                  (a tangible subsystem), as well as a subsystem which encompasses ‘the values and standards that inform the medical practice
                  in the hospital’ (an intangible subsystem).
                

              

            

          

          
            2.4.2 A systems map

            Mapping a system is like mapping a town. First we define the boundary and draw it on paper. The boundary separates those places
              inside the town from those outside. We do the same with the system. We show the system boundary with rounded corners to emphasise
              the imprecise nature of the boundary that separates those things that are interacting inside the system from those outside
              in the environment that have an effect on it.
            

            We become selective when we draw a map. We consider the purpose of the map and choose a suitable scale. We include on the
              map only those things that are useful to our purpose.
            

            
              [image: Figure 13]

              Figure 13: A typical systems map

            

            Figure 13 shows the system boundary and the smaller subsystems inside the boundary. We include all those things that help our use of
              the map. A system is defined by what it does and shows only those components (those subsystems) that contribute to this output.
            

            The environment of the system lies outside the system boundary. In the environment of our system, we include all those things
              that are outside the system but have an effect on it.
            

            In reality, the systems you consider at work may reside within your team and the near environment of the system will be the
              organisation you work for. Your system may be influenced by the structures and organisational cultures that surround you.
              Further away there may be important environmental factors such as national economic conditions or the legal and political
              framework.
            

            Systems diagrams can become impossibly complicated if you try to include too many elements. Show only the most influential
              ones.
            

            
              
                 Box 2: Important points about systems maps

              

              
                
                  	
                    A system map shows the boundary of the system and the different subsystems inside the boundary. It may also show important
                      influences outside the boundary, that is, in the external environment.
                    

                  

                  	
                    A map is a map. It does not have arrows showing relationships or influences between the subsystems.

                  

                  	
                    The scale and the detail depend on the purpose of the system map. Keep the map as simple as possible to aid clarity.

                  

                  	
                    Ensure the map is clearly labelled. All boundaries and subsystems need to be clearly identified.

                  

                  	
                    In changing a system, we have to draw the existing real-life system and the new system we would wish it to be. To transform
                      the existing system into the new one requires systems interventions.
                    

                  

                

              

            

          

        

        
          2.5 Fishbone diagram

          There are times when management problems seem too complicated and ‘messy’ to analyse. A technique, the fishbone diagram, can
            be used by both individuals and groups to help to clarify the causes of a difficult problem and capture its complexity. The
            diagram will help provide a comprehensive and balanced picture and show the relative importance and interrelationships between
            different parts of the problem.
          

          
            
              Box 3: Developing a fishbone diagram

            

            
              
                	
                  On a wide sheet of paper, draw a long arrow horizontally across the middle of the page pointing to the right, and label the
                    arrowhead with the title of the issue to be explained. This is the backbone of the fish.
                  

                

                	
                  Draw spurs coming off the backbone at about 45 degrees, one for every likely cause of the problem; label each at its outer
                    end. Add sub-spurs to represent subsidiary causes. Highlight any causes that appear more than once – they may be significant.
                  

                

                	
                  Consider each spur and sub-spur, taking the simplest first, partly for clarity but also because a good, simple explanation
                    may make more complex explanations unnecessary.
                  

                

                	
                  Circle anything that seems to be a key cause so that you can concentrate on it later. Finally, redraw the fishbone diagram
                    so that the relative importance of the different parts of the problem is reflected by its position along the backbone. Draw
                    the most important at the head end.
                  

                

              

            

          

          Figure 14 shows the possible causes of failure to meet project deadlines.
          

          
            [image: Figure 14]

            Figure 14: Failure to meet project deadlines – a fishbone diagram

          

          We can see there are four main causes. These are the lack of teamwork, project management, information technology and planning.
            Each of these has been developed to show greater detail.
          

          It is often helpful to develop the fishbone diagram with a group, as the analysis and consensus may provide a basis for group
            action and learning.
          

        

        
          2.6 Mind mapping

          The term mind mapping was devised by Tony Buzan for the representation of such things as ideas, notes and information, in
            radial tree diagrams — sometimes also called spider diagrams. These are now very widely used — try a web search on ‘Buzan’,
            ‘mind map’ or ‘concept map’.
          

          Figure 15 shows an example taken from a real problem-solving session.
          

          
            [image: Figure 15]

            Figure 15: An example of a mind map from a problem-solving session (Source: Buzan, 1982).

          

          
            
              Box 4: How to draw a mind map

            

            
              
                	
                  Put your paper (ideally a large sheet) in landscape format and write a brief title for the overall topic in the middle of
                    the page.
                  

                

                	
                  For each major subtopic or cluster of material, start a new major branch from the central topic, and label it.

                

                	
                  For each sub-subtopic or sub-cluster, form a subsidiary branch to the appropriate main branch. Do this too, for ever finer
                    sub-branches.
                  

                

              

              Tips

              
                	
                  You may want to put an item in more than one place. You can copy it into each place or draw in a cross-link.

                

                	
                  Show relationships between items on different branches by coding them using a particular colour or type of writing, for example.

                

                	
                  Identify particular branches or items with drawings or other pictorial devices to bring the map to life.

                

              

            

          

          There are several mind mapping software packages available. They make it very much easier to edit and rearrange the map; they
            can sometimes hold notes and documents associated with labels (so that they can act as filing systems), and some can switch
            between map and text outline formats.
          

          However, computer-based maps have the disadvantages of the small screen, and are less adaptable than hand-drawn versions (for
            example, you can't usually make cross-links).
          

          
            2.6.1 Compendium

            Compendium is a knowledge map software tool for visual thinking. It can be used for personal reflection as you study or work on a problem,
              and you can share your maps with others – your summary of a topic or a learning path through, say, an OpenLearn course.
            

            Follow the link to find out more about Compendium.

          

          
            2.6.2 Cohere

            Cohere is an experimental knowledge mapping tool that runs on the web, connecting you and your ideas to other learners with common
              interests.
            

          

        

        
          2.7 Multiple-cause diagrams

          As a general rule, an event or outcome will have more than one cause. A multiple-cause diagram will enable you to show the
            causes and the ways in which they are connected. Suppose, for example, that you were asked to explain why a work group was
            under-performing. You could use a multiple-cause diagram both to help you to construct the explanation and to present it.
          

          
            [image: Figure 16]

            Figure 16: Why a work group is under-performing – a multiple-cause diagram 

          

          Figure 16 presents a picture of the problem. The eye can move from one element to another and can see the connections between the elements.
            From that point of view, a multiple-cause diagram is rather like a road map. If you can look at the diagram and say ‘I can
            read that diagram, I can see how it explains the underperformance of the work group’, then the diagram will have been effective
            as a means of exposition. If the diagram has been effective, then a similar one may be equally effective in explaining an
            event or outcome.
          

          Using a multiple-cause diagram will help you to think about a problem, to explain the problem to other people, and to decide
            what to do about it. It will expose the connections between the events (including the loops – the occasions when one event
            leads to another which, in turn, reinforces the first). It will show you the possible routes into the problem. It will remind
            you of the complexity of the problem and it will help you to guard against taking an inappropriately narrow view of it.
          

          As you construct and revise a multiple-cause diagram you will be reaching your own view of the problem. If someone else studied
            the problem they would probably draw a diagram that differed from your own. Different views, or different understandings,
            of the nature of a problem mean that there will be different ways of handling the problem.
          

          
            2.7.1 Drawing a multiple-cause diagram

            We can draw a multiple-cause diagram to explore and to communicate the complexity of a system, and to recognise that the effect
              of a particular system is normally the result of a number of different causes.
            

            Examine the example shown in Figure 17 of the multiple causes of poor sales performance from a team.
            

            
              [image: Figure 17]

              Figure 17: Causes of poor sales performance – a multiple-cause diagram

            

            The first task in drawing such a diagram is to identify the output in which you are interested. Generally we take a single
              output or effect and examine the several causes leading to it. We could try to draw a multiple-cause diagram for two or more
              effects but the diagram would quickly become impossibly complex.
            

            Having identified the effect we are exploring, we then add the first, or primary, causes of that effect. In this case, we
              have established two primary causes. These are lack of sales literature and poor effort. We then consider each of these and
              add their causes. Three causes of poor effort are shown in the diagram. We then move backwards through the different levels
              of causes until we are satisfied that we have a comprehensive diagram to explain the multiple causes of the poor sales performance.
            

            
              
                Box 5: Important points about multiple-cause diagram

              

              
                
                  	
                    We are examining the multiple causes of a single output, so all arrows lead along a path to the output.

                  

                  	
                    There needs to be a logical cause and effect relationship between each link. For example, the link between low earnings and
                      lack of knowledge of sales work may not be clear, and another element such as high staff turnover could be included in the
                      path.
                    

                  

                  	
                    A single cause can have a number of effects. An example in the diagram is low earnings that lead to lack of knowledge of sales
                      work and to low job satisfaction. Often these points are the key ones to address: an improvement (on low earnings) will lead
                      to multiple benefits.
                    

                  

                  	
                    Consider how the diagram can be developed to make it more effective. Important paths can be highlighted — perhaps the lines
                      can be coloured or made thicker. Key elements can be underlined or bordered.
                    

                  

                

              

            

            Drawing multiple-cause diagrams helps in exploring and in communicating complex issues. Practice improves drawing skills and
              deepens understanding. Draw one today!
            

          

        

        
          2.8 Network analysis

          One of the weaknesses of simple charts for planning and control is that they do not show how tasks are dependent on each other.
            Network analysis (or critical path analysis) seeks to overcome that drawback, particularly where large or specialist projects
            are concerned. The critical path is found as a result of the analysis of the network. There are many computer software packages
            which can help a manager to carry out a network analysis.
          

          
            2.8.1 A case study

            Figure 18 shows part of a critical path for converting surplus retail space into a warehouse. Each task is represented by an arrow;
              the length of an arrow does not relate to the duration of the task. The junctions (called nodes) where arrows meet would normally
              be numbered. You may come across other formats which use slightly different terms from those we have used.
            

            The numbers on the arrows represent the number of working days it will take to complete each task. As you can see, there is
              one critical path highlighted. This is because each of the critical tasks depends on the completion of the previous task before
              it can start. If you add up the number of days for these tasks (2 + 20 + 10), you will see that stock cannot be received until
              32 working days have elapsed. Only by changing the timescales for the highlighted tasks can the overall timescale be reduced.
              Gaining time on other tasks will not affect the calculation.
            

            
              [image: Figure 18]

              Figure 18: Converting surplus space for warehousing – a preparatory diagram for a network (or critical path) analysis

            

            
              
                Box 6: Network analysis: Some key points to bear in mind

              

              
                
                  	
                    Some tasks depend on the completion of other tasks to enable them to start.

                  

                  	
                    A string of such tasks makes a path through your plan, and that path has a very significant effect on the timescale for your
                      project.
                    

                  

                  	
                    The path will tend to define the shortest feasible timescale for the accomplishment of the project, irrespective of the tasks
                      elsewhere.
                    

                  

                

              

            

          

        

      

    

  
    
      
        Conclusion

        This free course provided an introduction to studying Computing and IT. It took you through a series of exercises designed
          to develop your approach to study and learning at a distance and helped to improve your confidence as an independent learner.
        

      

    

  
    
      
        Keep on learning
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          Study another free course

          There are more than 800 courses on OpenLearn for you to choose from on a range of subjects. 
          

          Find out more about all our free courses.
          

           

        

        
          Take your studies further

          Find out more about studying with The Open University by visiting our online prospectus.
          

          If you are new to university study, you may be interested in our Access Courses or Certificates.
          

           

        

        
          What’s new from OpenLearn?

          Sign up to our newsletter or view a sample.
          

           

        

        
          
            For reference, full URLs to pages listed above:

            OpenLearn – www.open.edu/openlearn/free-courses

            Visiting our online prospectus – www.open.ac.uk/courses

            Access Courses – www.open.ac.uk/courses/do-it/access

            Certificates – www.open.ac.uk/courses/certificates-he

            Newsletter ­– www.open.edu/openlearn/about-openlearn/subscribe-the-openlearn-newsletter
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        Figure 3(b): Number of staff – a time series line graph (small scale)
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        Figure 5(a): Composition of staff in Year 1 – a pie chart
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        Figure 5(b): Composition of staff in Year 2 – a pie chart
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        Figure 7(a): Composition of staff in Years 1 and 2 – bar chart
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        Figure 7(b): Composition of staff in Years 1 and 2 – bar chart
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