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ABSTRACT 

Motivation – In some situations EID’s high-level visual 
design principles can be difficult to apply. A more 
concrete design methodology would make the 
framework more accessible for interface designers. 

Research approach – Graphics research was reviewed 
across a number of fields. The Visualisation Reference 
Model was identified as a useful model that could be 
used alongside EID’s visual design principles. A case 
study is used to demonstrate this approach.  

Findings/Design – Supplementing a work domain 
analysis with a task analysis can reveal how information 
requirements are used. This allows data transformations 
and visual mapping to be carried out to generate visual 
components in an ecological interface design. 

Take away message – Task analysis not only improves 
the quality of our information requirements, it can also 
inform the visual design process. 
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INTRODUCTION 
The Design Gap describes the problem of transforming 
information requirements into initial interface designs. 
The Ecological Interface Design (EID) framework 
(Burns & Hajdukiewicz , 2004, Vicente & Rasmussen, 
1992) attempts to bridge this gap by providing visual 
design principles that correspond directly with its 
requirements gathering techniques. While the principles 
were intentionally kept high-level to ensure 
generalizability to other domains, it becomes difficult to 
apply the principles where:  

• The system has a very large number of components. 
The representation of the work domain model in the 
form of an abstraction hierarchy is a fundamental 
principle of EID. When a system has hundreds of 
components the visual encoding of data relationships in 
this format becomes difficult to achieve. 

• The underlying system is intentional rather than causal. 
Intentional systems are not constrained by physical 
laws and balances, making it difficult to construct a 
work domain model in the form of an abstraction 
hierarchy. 

This paper deals principally with the first limitation 
associated with scale, however the resulting design 

process may also prove useful when designing for 
intentional systems. 

ECOLOGICAL INTERFACE DESIGN 

The aim of the EID framework is to design interfaces that 
support the control of complex-socio technical systems. 
As unanticipated events are a central characteristic of 
these system, task analysis cannot be relied on to capture 
all possible information requirements, instead they are 
revealed through a work domain model of the systems 
functional constraints. This model generally takes the 
form of an Abstraction Hierarchy (AH) (Rasmussen, 
1985). By using the structure of the AH to present the 
component variables, the work domain model becomes 
embedded in the interface. This presentation method 
supports causal reasoning about the system and provides 
better system state awareness. The original framework 
paper presented a process control microworld as a case 
study (Vicente, 1992). The complexity in this system 
stems from the tight coupling of a limited range of 
components. The technique for embedding the AH relied 
heavily on proximity principles of graphic displays 
(Wickens, 1995). The final design took the form a 
modified mimic diagram with additional configural 
display elements, where the behaviour of the system 
could be observed at different levels of granularity 
through the clustering of component elements. This 
approach has been applied to a number of projects (Burns 
& Hajdukiewicz, 2004) but runs into difficulty where the 
number of components becomes very large. One solution 
to this problem is to use existing visualization techniques 
within an ecological design (Duez & Vicente, 2005). 
Unfortunately this can only occur where:  

1) a technique for the required data and tasks already 
exists and  

2) the exiting technique can be successfully incorporated 
with the ecological interface.  

Where these conditions are not met visualisation design 
must become part of the overall interface design process. 
THE VISUALISATION REFERENCE MODEL 

Card et al. present a reference model that illustrates their 
definition of the visualisation process as “adjustable 
mappings from data, to visual form, to the human 
perceiver” (1999). It shows that raw data should be 
subjected to scale transformations to suit specific tasks 
before being compiled into data tables. Visual mappings 
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can then be applied to match the data to the appropriate 
visual variables to create visual structures. These visual 
structures can be manipulated by the user through 
techniques such as direct manipulation to create views on 
the data.  

The reference model relies on three important features 

1. categorisation of data into perceptual scales 

2. visual scale matching and  

3. scale transformation. 

Stevens’ Theory of Scales of Measurement (Stevens, 
1946) proposes that all data can be described as being 
nominal, ordinal, interval or ratio and that this list is 
cumulative in that each level provides additional formal 
properties for data description. The “Rules of Graphic 
Systems” (Bertin, 1983) matches these scales to visual 
variables that have different perceptual lengths. These 
are the elements of graphic form; position (the spatial 
variables), size, value, texture, orientation, shape and hue. 
An important phenomenon is that data can be 
transformed from a higher perceptual scale to a lower 
perceptual scale through its visual encoding in order to 
suit specific tasks. For example, quantitative comparison 
of two datum can be achieved by encoding with position. 
This allows judgement of magnitude i.e. A is twice B. 
Alternatively if the task involves ordinal judgement, an 
ordinal visual variable such as brightness can show A as 
greater than B. If the task is, to abort or continue with a 
procedure if the first datum is greater than the second, 
then the problem can be encoded using a single nominal 
visual variable of hue (i.e. green to go or red to stop). 
While the progression from quantitative comparison to 
nominal comparison is reductive in terms of data 
availability, it is more focussed in terms of task support 
(Petersen & May, 2006).  A visual encoding should 
match the perceptual task being carried out. 

EXTENDING THE DESIGN GUIDELINES 
The analysis phase of the EID framework outputs a set of 
information requirements, which can be identified as 
data sources and relationships. The visualisation 
reference model uses raw data as its starting point. With a 
number of small modifications it should be possible to 
combine these two approaches to extend EID’s visual 
design guidelines into a more concrete visual design 
process. In order to do this, it is necessary to reintroduce 
the role of task analysis into EID. A mixed analysis 
approach incorporating work domain and task analysis 
has been shown to provide different but complementary 
information requirements (Jamieson, Miller et al., in 
press). We suggest that the task analysis has benefits that 
go beyond requirements gathering. The original 
reference model regards information visualisation as a 
tool for data exploration and proposes that data 
transformation, visual mapping and view 

transformations are all controlled by the end user’s task 
and actions. The aim, under these terms is to reveal 
patterns that let us understand data relationships. 
However, when dealing with engineered systems many 
of these relationships can be revealed in advance through 
work domain analysis. The visual encoding process can 
now be focussed on making the large volumes of data 
legible within the relational structure. A detailed task 
analysis of the operator’s procedures can also reveal 
many of their perceptual tasks in advance. Carrying out 
the task analysis after the work domain analysis gives the 
analyst an objective view on the system and helps them 
to avoid potential problems with misconceived mental 
models and subjective user behaviour. By understanding 
the perceptual tasks in advance the interface designer can 
carry out data transformations on the raw data provided 
by the information requirements. Following this, visual 
mapping can be carried out to generate a set of initial 
graphic forms that highlight both the structure of the 
system and the values that define the system state. These 
visual structures can be evaluated both in terms of their 
ability to integrate with the higher levels of abstraction in 
an ecological interface and in terms of general usability. 
Figure 1 provides a diagram of how these various steps 
can be integrated. 

 

 
 

Figure 1. The Design Process 

 

CASE STUDY: PCS HEALTH MONITORING 

This case study applies the design process to the redesign 
of a chart used in a high volume manufacturing 
environment. 

Automated Process Control Systems (PCS) use sensors 
to measure different parameters across multiple 
machines to ensure that they are complying with pre-set 
targets. These targets are established using statistical 
rules and are subject to change. PCS Health Monitoring 
is an activity whereby users observe the behaviour of 
parameters to identify and diagnose potential issues with 
an automated PCS. The complexity in PCS health 
monitoring comes from the huge number of sensors that 
are used, the abstract relationship between the different 
areas that are being monitored and the statistical rules 
that are used to generate health metrics.  
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Figure 2. Original OTI Chart 

 

 

 
Figure 3. Redesign OTI Chart 

 

One display that is used to support health monitoring is 
the on-target indicator chart (fig 2). Its purpose is to 
support the detection of off-target (falling outside of 
control limits) parameters, off-target sensors, erratic 
machine behaviour and unmatched parameters. The chart 
shows parameter readings (labelled ALL), machine 
sensor readings (machines are labelled as tools), targets 
and control limits in the format of a modified control 
chart. While chart format is very familiar to engineers, it 
is generally used to display a much smaller number of 
variables. Many users found it difficult to achieve their 
health monitoring goals with this chart.  

A work domain analysis on the overall health monitoring 
system revealed that the data being represented belonged 
to a physical hierarchy associated with the organisation 
of the tools (machines) and a functional hierarchy 
associated with the health monitoring metrics. These 
hierarchies meet at the level of individual sensor readings. 
While the functional health monitoring information is 
important for problem detection, the physical hierarchy 
is equally important for diagnosis. 

A task analysis showed that the different tasks require 
different perspectives on the display. The current format 
gives a parameter-centric view of the system. This 
provides good support for the detection of off-target 
parameters but not the detection of erratic tools where 
multiple sensor readings for a single tool need to be 
compared. A number of additional tasks that required 
access to the physical structure of the system were also 
revealed. Details on these analyses are available in 
(Upton & Doherty, 2006). 

The analyses reveal a set of information requirements 
that show that machines, parameters, sensor and 
parameter values and control limits all need to be 
displayed. They also show that the relationships between 
sensors and parameters and sensors and tools form part 
of the work domain model, are of equal importance and 
should be integrated into the display.  

The key data and data scales are the quantitative sensor 
reading, parameter values and control limits and the two 
nominal tool and parameter variables. Following 
Bertin’s rules of graphic construction, an image

1 can be 
generated by encoding three variables using the two 
spatial variables and one retinal visual variable (1983). In 
the original chart the quantitative values were matched to 
the vertical spatial variable (y axis), the nominative 
variable “machine” was matched to the retinal variables 
of hue and shape, while the other nominal variables 
(parameter) was promoted to the more perceptually 
powerful spatial variable. While this is a correct scale 
matching, the encoding of the tools on a weaker visual 
variable obscures the physical structure of the work 
domain. The two nominal data variables must be 
encoded on visual variables with the same perceptual 
lengths in order to represent the work domain model 
effectively. Placing each of these on one of the spatial 
axes achieves this but leaves us without a variable that 
can successfully encode the remaining quantitative 
variables associated with the sensor readings. Here, data 
                                                           
1 Here the term image refers to a meaningful form that is 

perceived instantaneously 
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transformations come into effect. The task analysis 
revealed that precise quantitative values were not 
required to identify off-target readings. Users only 
needed to know whether the readings were greater or less 
than the control limits and the target and to have some 
degree of magnitude. This means that while the sensor 
reading data is quantitative, the cognitive tasks that are 
carried out with them are ordinal and nominal. This 
allows them to be transformed into a set of ordinal ranges 
which can be encoded through size, a nominal variable 
(above or below target) which can be encoded through 
hue and a final nominal variable (inside or outside limits) 
which can be encoded through value (saturation).  

The resulting display (fig. 3) succeeds in encoding a 
model of the work domain as well as the system state 
values in a display. This format solved a number 
problems associated with the old display: 

• Individual sensors are easy to select as they are no 
longer occluded by other values 

• It is possible to see sensor performance across a tool 

• Non functioning sensors can be identified (through the 
absence of a data point) 

What’s more the new display should provide better 
support for the basic operator’s tasks as the visual 
encodings were chosen based on the perceptual scales 
they support. 

CONCLUSION 
The visualisation reference model can be used to extend 
EID’s visual design principles when dealing with large 
scale systems. By carrying out a task analysis alongside 
the work domain analysis the perceptual tasks being 
carried out on the information requirements can be 
revealed. This allows data transformations to be carried 
out before applying visual mappings to generate visual 
structures that closely match the user’s tasks. This 
technique is useful when dealing with systems with large 
number of components. The rational design process may 
also be beneficial when attempting to represent abstract 
information. Visual mapping provides a useful 
alternative for encoding work domain structures where 
physical process diagrams are not suitable. This 
approach provides a more concrete process for 
generating visual components within an ecological 
interface design. In future work we intend to show how 
these components can be integrated into a larger 
ecological display. 
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