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Jon Pearce

John Murphy

Wally Smith

The University of Melbourne
Parkville, Australia, 3010

Design4Use

The University of Melbourne
Parkville, Australia, 3010

j.pearce@unimelb.du.au

john@design4use.com.au

wsmith@unimelb.du.au

ABSTRACT

True Simulation

We describe a project to design an internet-based application to
support gardeners reasoning about the water demands and water
supply for their gardens. This application is identified here as an
instance of 'everyday simulation'; implying the use of
simulation techniques for non-specialist users. Design strategies
for everyday simulations are discussed including: the
characteristic of simulations of inverting inputs and outputs;
simulation by refinement; the embodiment of material
constraints; and the educational aspect of simulation for nonspecialists.

Like the technical simulations referred to above, everyday
simulations present the user with a model of a system of
interrelated entities, and (however simply) they allow users to
explore the effects of changing some entities on the state of
others. In this way, they are distinct from calculators which
request a fixed set (and often a fixed order) of inputs and then
deliver a fixed set of outputs. In contrast, a simulation allows
different questions to be asked and the exploration of solution
spaces.

Categories and Subject Descriptors

Like technical simulations, everyday simulations are based on
some underlying theory of the situation in which the users'
decisions take effect. The theory is often complex and
understanding requires specialist knowledge. But unlike
technical simulations, the underlying theory is typically
produced and validated by a source of authority that is distinct
from the user community. So users are non-specialists in the
area of the underlying theory; although they may have other
forms of relevant expertise. The user interface must therefore be
designed for the non-specialist or everyday audience.

‘Everyday’ representation of complex domains

H5.m. Information interfaces and presentation

General Terms
Design, Human Factors.

Keywords
Sustainability, water, simulation, interaction design, cognitive
engineering, engagement.

Education as well as decision support

1. INTRODUCTION
The use of computer simulations as tools for analysis and
decision-support is widespread and increasing [3]. They inform
thinking in diverse areas, such as physics [2], environmental
risk assessment [7], climate science [9], and assessment of legal
evidence [1], to name but a few. As suggested by these
examples, the analytical use of simulations (as opposed to other
uses like games) is typically restricted to technical or scientific
areas where they 'bring alive' complex theories and models for
interrogation and interpretation by specialists. However, recent
advances in interactive Internet technologies offer a new arena
for the development and use of simulations: the support of
everyday thinking and decision-making by wider non-specialist
user communities. We will identify this new kind of software
application as ‘everyday simulations’.

Like technical simulations, everyday simulations are designed
with a clear intention of immediate decision-support for goals
within the specified domain. But, unlike technical simulations,
everyday simulations are likely to have an educational
intention, alongside or surpassing their goal of decision-support.
That is, not only do they serve their express purpose of assisting
a particular decision, but also they will likely serve to educate a
non-specialist community about the underlying theory.

We will identify everyday simulations as applications having
the following characteristics:

The project concerns a decision-support tool to help gardeners
in Melbourne to plan the watering of their gardens. It was
carried out in collaboration with a team of scientists at Burnley
Campus, School of Resource Management, University of
Melbourne.
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In this paper we describe and reflect on a project carried out by
the authors to design and build a particular everyday simulation.
In the absence of design processes specifically tailored to this
type of project, we comment on the extent to which a usercentred design process supports the design of an everyday
simulation.

2. BACKGROUND TO THE PROJECT

Library

The project described in this paper is being funded by the 2006
Smart Water Fund (Vic). The aim is to address knowledge gaps
that gardeners have in understanding the water demands of
home garden plants and the optimum irrigation requirements.
To appreciate what this decision support tool attempts to
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3. THE DESIGN PROCESS

achieve, it is necessary to understand a little about the
conceptual model that it is built upon. The water demands of
most plants are taken from the top 20 cm or so of soil where
most of the plant’s feeder roots reside. Water is removed from
this layer of soil in three ways (see figure 1): (1) by soaking
further down and recharging groundwater; (2) by runoff due to
slopes or excessive watering; (3) by ‘evapotranspiration’ – a
term describing the combined ground evaporation and plant
transpiration.

The initial phases of the project required the HCI designers to
develop an understanding of the horticultural domain for
domestic garden watering. The challenge was to acquire
knowledge from a specialist authority and translate this to a user
interface and interaction specification for a for a non-specialist
user community. A user-centred approach was adopted
including constructing statements of user and business needs,
describing the target audience and creating personas and
scenarios for the simulation.

3.1 Requirements
A series of design workshops were carried out with the
horticulturalists and the HCI designers (the authors) with dual
aims: (i) to elaborate the mathematical equations into a
complete computationally tractable model that was capable of
informing gardeners' decisions (a non-trivial task!), and (ii) to
design the interface for data entry, visualization and model
manipulation.
The statement of user and business needs were initially drafted
and presented during workshop sessions. Straw model target
audience groups were also created, critiqued and refined during
workshops sessions. These served to clarify and provide a
common understanding as well as establish a baseline for the
design work. These also served to define the boundaries of the
project by determining audience groups such as professional
gardeners whose needs would not be served by the program.

Figure 1: transferring water from land to atmosphere.
[en.wikipedia.org/wiki/Image:Surface_water_cycle.svg]

Three separate audience groups were described and prioritised.
Prioritising one audience group over another served to support
design trade-off decisions in the initial high level design work.
Once the target audience was agreed, a skeletal persona for each
group was created during workshop sessions. Scenarios were
initially outlined in workshops and then reviewed and revised
on an individual basis. They were created as loose, open-ended
and relatively unstructured descriptions of specific goals for a
persona in relation to gardening. This level of description was
maintained to avoid being too prescriptive and also because the
shared understanding of the domain was still relatively
unformed. Their purpose was to identify specific envisioned
uses for the program and likely overall paths of navigation. This
level of description proved sufficient for the high level design.
It is intended to provide more detail in the scenarios during the
design phase to allow screen navigation to be determined for
developing the prototype that will be usability tested.

The principle behind the irrigation process described by this
software program is to ‘top up’ the amount of water stored in
this top layer of soil using 10 mm applications or ‘standard
drinks’. Applying more than this risks wastage to groundwater
and runoff; less than this encourages shallow root growth and is
less efficient due to evaporation losses. The challenge for the
gardener is to work out how frequently to apply these 10 mm
drinks and for how long to run a device to supply the required
amount of water.
The workings of the software program rely on two algebraic
expressions and a suite of empirically derived tables of data.
One of the algebraic expressions calculates a ‘landscape
coefficient’ determined by the water use of particular plants, the
microclimate of a zone within the garden, the density of
planting, and any soil treatment that has been applied. The other
expression calculates ‘irrigation efficiency’ that is determined
by the irrigation method, wind conditions, soil type, any mulch
that has been applied, and the soil hydrophobicity. The data
tables, derived from field trials and an extensive plant database,
provide information on numerous parameters such as the
performance of various water applicators, their efficiencies of
delivering water as well as the impact of mulches on both water
application and evaporation. Geographically-based rainfall and
evaporation data are also used in the modelling.

3.2 High level design
Specification of the high level design commenced with
investigation of the capabilities and limitations of the Flash
programming language in relation to modelling a domestic
garden, simulating water demand and providing a watering
schedule from both the mains and a tank. A number of design
ideas were explored and it became clear that budgetary
constraints required focus on simulating watering demand and
providing watering schedules. This would allow a user to spend
the majority of their effort manipulating variables affecting
watering efficiency in line with the project goal of educating
users in this regard.

The challenge in developing this software has been to present a
relatively complex set of relationships to an audience that will
have a broad range of expertise: some will be keen gardeners
wanting to optimise their water use and more carefully
determine the health of their gardens, whilst others may be
simply wishing to obtain quick information that will help keep
that green patch outside the back door alive and at minimum
cost!

The concept of ‘garden zones’ was also acquired where a
garden is divided into regions or zones based on some
combination homogeneity of planting and water source.
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The following sketches show design ideas from initial meetings
with developers and horticulturalists. They present discrete
concepts and ideas and provided designers with a mechanism to
crystallize their understanding as well as represent parts of the
system in a user interface. The first sketch, Figure 2, shows
garden zones, water sources and initial ideas for representing
plant demand. The second sketch, Figure 3, starts to explore
output representations of water scheduling.
Workshops over the following weeks established a stronger
understanding of the underlying calculations and the data to be
presented in the user interface. Significant representation
decisions were made during this process such as the need to
display data for a full year on a monthly basis. This determined
a graphical display as the main output of the simulation. To
provide a direct manipulation interface [8] input and output
were co-located on the screen with the output graph presented
in the lower half. Aspects of the system, such as providing a
high fidelity drawing tool to model a garden, were deferred to a
future development phase. The sketch in Figure 4 shows the
first integrated design concept. This design also incorporates
ideas for navigation mechanisms: tabs between zones of the
system and accordion-style partitions between plant demand
and watering schedule representations.

Figure 3: an early sketch a water tank state through the
year

Once the complete system was envisioned and the design
representation agreed, a more detailed set of high level design
sketches were developed. These were intended to be sufficient
to support the development of the design and yet allow creative
freedom for detail design ideas.

Figure 4: integrated design concept

4. RE-VISITING DESIGN
During the design process, each of the identifying
characteristics of everyday simulations required some form of
special effort or consideration as follows:
True Simulation
After much analysis through design workshops with domain
experts, it was decided that the design would take the form of a
simulation rather than a linear calculator. This implies a very
different approach to interface design because simulation leads
to the inversion of input-output. It invites the user to find a
suitable solution by adjusting the solution variables until some
desired condition is reached. For example, watering frequency
and duration are adjusted until the required plant performance is
reached through the proposed water delivery schedule. In this
way, input and outputs designated by the software are the
inverse of those implied by the user's decision. That is, the
inputs to the software (of watering frequency and duration)
were actually the output variables of the user's decision; and the
software output of achieved plant performance was actually the
input variable of the user's decision.

Figure 2: an early sketch showing ‘zones’
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‘Everyday’ representation of complex domains

mulch on overall water need and irrigation). So the design
intention was to make visible these relationships where
possible, even where this was not necessary for the extraction of
a solution.

Much time was needed for the HCI designers to acquire enough
knowledge in the domain and to intersect these with principles
of interaction design. Two design strategies to effect an
everyday simulation from a complex domain emerged:

5. CONCLUSION & FUTURE
RESEARCH

1. Simulation by refinement. Recognising the low commitment
of the non-specialist user, the simulation was designed to
deliver a possible solution with minimal inputs from the user.
To achieve this goal, the starting position of the simulation, as
first encountered by the user, contains the data of a typical
Melbourne garden zone; and thus contains putative solutions at
the outset. The user is invited to refine the simulation by
gradually entering more accurate data about their own particular
garden zone, and so gradually achieved a solution that is closer
to their situation.

Through the design of an everyday simulation to inform
decisions about garden watering, this project has provided
insights into the strength and flexibility of user-centred design.
Despite the significant challenge of transforming a complex
domain into an everyday simulation, this was achieved by
standard interaction design techniques, the early focus on users
through the description of the target audience, and instantiations
of personas and user scenarios. The design strategies of
simulation by refinement and the embodiment of material
constraints (inherited from cognitive engineering and modified)
were the outcomes of this approach.

2. Embodiment of material constraints. Following the spirit of
cognitive engineering, as reflected for example in work domain
analysis [9], the design attempted to reflect the structural
properties of the garden system in the representation of the
interface. Specifically, the various entities in the underlying
simulation model can be classified according to how easily they
could be changed by the user, with six levels:

Work to build the application described in this paper is almost
complete and will soon be made available for public use. Future
work is planned to focus on supporting users to model their
garden more effectively and realistically, supporting persistent
garden models and enabling and investigating the sharing of
gardens and effective watering strategies within a community.
We are currently exploring further funding to support the
development and application of this project into such
community spaces.

• natural (unchangeable), e.g., rainfall, microclimate, soil type;
• services (also unchangeable other than through political
action outside of the garden situation), e.g., water pressure,
and water restriction rules;
• planting scheme (changeable, but on a slow and costly time
frame), e.g., plant types and density of planting;
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