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1.0 Introduction 
 
The purpose of this research project was to construct an experimental computer interface 
that combines realistic landscape visualizations with non-visual indicators of landscape 
condition to communicate information about forest management scenarios (see Figure 1).  
Realistic landscape visualizations have become an important part of the visual impact 
assessment (VIA) process for forest management in BC (BC Ministry of Forests 2001b), 
largely because of their ability to communicate landscape changes in an engaging and 
salient manner (Sheppard 1999).    Landscape visualization is not, however, widely used 
in the communication of other aspects of landscape condition/landscape change.  
Communication of non-visual indicators of landscape condition are traditionally 
communicated through the use of tables, graphs and maps in hard copy (paper format) at 
public consultation meetings.  A review by the Forest Practices Board (BC Ministry of 
Forests 2001a) found that these materials were often incomprehensible to members of the 
public due to their technical nature, and that they were generally not used by attendants at 

the Forest Development Plan (FDP) reviews.  The Forest Practices Board indicated that 
innovations in communication are required to improve the consultation process.  Wilson 
and McGaughey (2000) have advocated the concurrent presentation of information in a 
number of different formats to communicate information about forest planning.  This is 
similar to Daniel’s (2001) assertion that information about land use planning should be 
presented in such a way that it “surround(s) the truth”.  The purpose of this research 
project is to construct a cohesive interface that applies these recommendations so that 

Figure 1:  A screen capture of the interface created for this research project 
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their applicability can be investigated.  Does the presentation of multiple data sources 
concurrently, improve people’s understanding of landscape characteristics and 
management scenarios? 
 
This report will first discuss the theoretical basis for the construction of the experimental 
interface.  This basis includes prescriptive literature on the adoption and acceptance of 
ecosystem management techniques as well as research into aspects of landscape 
perceptions and the ability of cognitive information to alter those perceptions. The next 
section will discuss the constituent parts of the interface, what cognitive psychology and 
design guidelines can tell us about how they should be constructed, and what previous 
research suggests will be an effective layout for the interface. The report will then cover 
the data sources used in the construction of the interface and where they were derived 
from.  Section 5.0 will cover the technical details of the construction of the interface, 
looking at the decisions that were made about programming language, software design, 
data organization and future expandability.  Finally, the interface will be discussed in the 
context of future directions and a program of research. 
 
2.0 Background Information and a Theoretical Basis for the Interface 
 
In recent years there has been a movement in the natural resource sector away from a 
strictly commodity based view of landscape management to one that takes into account 
certain non-commodity values.  Due to public outcry over the appearance of clearcuts in 
the 1960’s (Gobster 2001, Palmer et. al., 1994), visual resource management became 
perhaps the first non-commodity value to be specifically addressed in land-use planning.  
More recently, other non-commodity values such as biodiversity and cultural values have 
become increasingly important in the management of landscapes.  This increase in the 
importance placed on non-commodity values has caused a move away from traditional 
management regimes such as maximum sustained yield, towards more holistic schemes 
like ecosystem management and sustainable forest management (Bell 2001).  In forest 
management these non-commodity values have been conceived of as constraints on 
timber extraction.  The Forest Practices Code (BC Ministry of Forests 1995) illustrates 
this effect, as values such as biodiversity, riparian areas and visual resources have a direct 
and quantifiable impact on the timber available for harvest. 
 
What has not been widely considered, however, is the impact that non-commodity values 
may have on each other.  Researchers have postulated that certain aspects of ecosystem 
and sustainable forest management are incongruent with people’s scenic preferences (e.g. 
Thayer 1989, Ribe 1989, Gobster 1995, 1999, Parsons 1995).  This raises the question of 
whether forest management practices should be altered to take into account people’s 
aesthetic preferences, or if attempts should be made to provide people with information 
that might change their perceptions of particular management actions. 
 
Several researchers have made normative arguments for the alteration of the traditional 
scenic aesthetic to one more focused on knowledge of the landscape and its processes.  
Gobster (1995, 1999) has termed this new way of looking at the landscape as an 
ecological aesthetic.  Thayer (1989) suggests that adoption of sustainable management 
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will be directly tied to the visibility of it.  In other words, in order to alter people’s 
opinions about the scenic impacts of a given management action, they must be presented 
with that action, rather than having it hidden from them.  Fundamental to these normative 
arguments is the idea that people’s scenic preferences can be altered by the presentation 
of cognitive information. 
 
Psychological research into preference, and specifically landscape preference and its 
malleability to cognitive information has been inconclusive.  Balling and Falk (1982) 
found that there was strong evidence for an innate preference in humans for a savannah-
like landscape, and that, while this changed somewhat with age and experience, it 
persisted into adulthood.  Others have found a similar intransigence in people’s landscape 
aesthetics across cultures (e.g. Chipeniuk 1995, Herzog 2000).  This suggests a strong 
evolutionary basis for human scenic preferences that may not be amenable to change. 
 
Research to date on the ability of cognitive information to change people’s perceptions of 
landscapes has been inconclusive.  Anderson (1981) found that the use of simple labels 
such as wilderness area or commercial timber stand did affect people’s preference 
judgments for landscape scenes.  This suggests that if the information is kept simple and 
salient, it can alter people’s preferences.  Brunson and Reiter (1996), on the other hand, 
found that the presentation of ecological information did not have a discernable effect on 
people’s ratings of landscape scenes.  Part of the problem in the Brunson and Reiter study 
may be the use of text-based information to attempt to alter visual preference.  
Tahvanainen et. al. (2001) found that there was a disconnect between people’s verbal 
conceptions of management actions and their visual interpretations of them.  Another 
interesting study by Taylor and Daniel (1984) found that information brochures about 
forest fires did not affect people’s scenic beauty judgments, but did influence their 
willingness to tolerate a specific landscape condition.  It is difficult to draw conclusions 
from this research about the possible effects of cognitive information on people’s 
preferences or acceptability ratings for given management actions.  It seems apparent, 
however, that if cognitive information is going to have an effect on acceptability 
judgments for management regimes, it needs to be presented in a effective manner, likely 
one that uses the same visual perception system that people use in perceiving landscapes. 
 
3.0 Interface Design 
 
This section will first discuss the various interface elements individually, covering why 
they were included in the interface, and what cognitive psychological research, as well as 
design guidelines, can tell us about how they should be constructed.  The section will 
conclude with a discussion of the layout of the interface, describing why the individual 
elements have been configured in a particular manner. 
 
3.1 Graphs 
 
Graphs allow for the visual display of numeric data in a manner that is easily discernable 
to most people.  In western societies the use of graphs to represent quantitative 
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relationships is near ubiquitous (Kosslyn 1994).  It therefore seemed inevitable that 
graphs would be used in the interface to represent relative quantities of various indicators. 
 
The two other possible data representations for the quantitative data to be used in the 
interface were tables and 2 Dimensional (2D)/3 Dimensional (3D) maps.  Research on 
tables and graphs have found that tables are effective for communicating detailed 
information about individual, or small groups of, data points, but that they are an 
ineffective means of communicating trends (Vessey 1991, Gillan et. al 1998).  The 
purpose of the quantitative data representations in this interface was to communicate 
trends and patterns in the data, and between data sources.  Given this purpose, the use of 
tables would not have been an effective means of communicating the quantitative data. 
 
 The other possible method of representing quantities for the interface was to drape GIS 
layers either on the map, or on the visualizations.  While this method has the benefit of 
allowing the user to spatialize the information (i.e. determine where on the landscape 
given indicators reside), it does have some negative aspects as well.  People do not 
accurately distinguish the magnitude of change between objects of different area 
(Cleveland 1994, Kosslyn 1994). If people cannot reliably determine the magnitude of 
change between different thematic maps, then it would seem that they would have a 
difficult time recognizing trends unless the magnitude shifts are large enough to be 
readily apparent.  This problem would likely be exacerbated by the use of perspective in 
visualizations, because the size of elements in the foreground will be emphasized, while 
the size of polygons in the background will be de-emphasized.  This would suggest that 
while draping GIS layers will help the user to understand the spatial relationship of the 
data, they may not be an effective means of conveying trends in the data.  There is also 
the problem of limited real estate.  If the intention is to allow the user to examine the 
relationships between two or more indicators, then a map with draped polygons quickly 
becomes cluttered, and potentially indecipherable. 
 
Given the decision to use graphs to represent the numeric indicators, the next decision 
was to determine which type of graph would be the most effective.  Perception and 
cognitive processing of graph types has received significant attention in both cognitive 
and educational psychology.  Numerous studies have found that when the intention is to 
communicate trends in time series data, line graphs are the best choice (Tan and Benbasat 
1993,  Zachs and Tversky 1999,  Shah, Mayer and Hegarty 1999, Kosslyn 1989, Schutz 
1961).  Shah, Mayer and Hegarty found evidence that the superiority of line graphs for 
communicating trend data was related to users’ ability to “chunk” the line into a small 
number of perceptual units, so that it required less cognitive processing.  Tan and 
Benbasat (1993) similarly found that when the data represented on a graph has low axis 
anchoring (i.e. the user of the graph is not required read quantities off the axis, but is 
rather focused on the general trend in the data) line graphs are superior to bar graphs and 
scatter plots.  They found that line graphs have high ‘entity anchoring’ (i.e. people focus 
on the line as an individual entity or perceptual unit), so they were preferable when it was 
the characteristics of the data representation that were of interest.  The intended purpose 
of the graphs in this interface is to represent time series patterns in given indicators, so 
that they can be perceptually tied to changes in patterns in the landscape visualizations.  
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The need to communicate trends and to minimize the cognitive processing required in 
determining those trends indicates that line graphs are the proper data representation for 
this purpose. 
 
3.2 Maps 
 
While thematic maps were not deemed to be the best way to communicate the 
quantitative trends in the indicators, maps still have a necessary role to play in the 
interface.  A reference map was used in the interface to allow people to situate 
themselves in the landscape, and to allow them to see the relative locations of the 
visualization viewpoints (see figure 2).  Maps have been found to improve both the recall 
ability (ability to remember 
information) and transfer ability 
(ability to apply information to 
novel problems) of subjects in 
experiments where maps were 
used to augment text 
information (Kulhavy et. al 
1993, Verdi and Kulhavy 2002, 
Rittshof et. al 1994).  Ritschof 
et. al. speculate that the ability 
of maps to improve recall and 
transfer is due to their efficient 
retention and processing in 
working memory.  A map can 
be held as a single perceptual 
unit in working memory where 
it can be used to form r
ties with other incoming 
information. 

Figure 2: The reference map used in the visualization 
interface.  The red cone in Enterprise Creek represents 
the position and view direction of the camera for the 
current visualization being shown. 

eferential 

ue 

 
Research on the perception and 
cognition associated with maps 
is surprisingly sparse, but there 
are a number of factors to 
consider in the construction of 
an effective reference map.  D
to the large topographical 
variation in the study area, it 
was determined that elevation 
information should be included 
in the map.  The small absolute 
size of the map, along with the 
range of elevation indicated that 
a hypsometric colour ramp map 
was a better option than a 
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contour map, as the contours would be too tightly grouped to usefully convey 
topographic variation.  Research has found that elevation (and similar single variable 
representations) is best communicated by a colour ramp based on variations in value (i.e. 
brightness) rather than variations in hue, saturation and brightness (Cuff 1969, 1974, 
Patton 1997, Brewer 1999).  Cuff (1974) found that simple light/dark schemes were 
significantly better for communicating magnitude changes than bipolar schemes.  Patton 
(1997) found that green should not be used in elevation maps, because it is frequently 
misinterpreted as communicating vegetation information.  As a result a simple brown 
colour scheme was selected, with elevation moving from light to dark (increasing) by 
varying the value of each successive colour.  Attention was also paid to the inclusion of 
the appropriate map elements such as a scale bar, north arrow, legend and labels (Keates 
1989).  Due to the limited size of the map, particular attention was paid to minimizing the 
map elements to only those features that were required. 
 
3.3 Visualization 
 
It is the combination of the realistic visualizations along with the quantitative indicators 
presented on the graphs that formed the fundamental basis for the creation of the 
interface.  The early hypothesis was that it may be possible to leverage the engagement 
provided by the realistic visualizations to better communicate the patterns of change in 
the non-visual indicators.  If people can tie visual patterns on the landscape to trends in 
the non-visual information, their judgments of the acceptability of particular management 
actions might change.  The visualizations, therefore, are an integral part of the interface, 
and require visual prominence in order for them to perform their desired task.  The 
limited space available in the interface meant that the visualizations could not be 
presented in a large format, but efforts were made to maximize their size within the 
confines of these limitations. 
 
There has been very little research into the use of realistic visualizations as surrogates for 
real world landscapes (Karjalainen and Tyrvainen 2002).  Appleton and Lovett (2002) 
conducted a study looking to determine if there was a threshold level of realism required 
in visualization for environmental decision-making, but despite determining certain 
image elements that appear to be important, they did not reveal a ‘sufficient’ level of 
realism for visualization scenes.  There has been a significant body of literature calling 
for perception testing with realistic landscape simulations (e.g. Bishop and Karadaglis 
1996, Sheppard 1999), however few actual studies have been performed. 
 
In the absence of research on the efficacy of realistic visualizations there is prescriptive 
literature that provides guidelines for the construction of simulations.  Appleyard (1977) 
and Sheppard (1989) provide the most comprehensive guidelines for visual simulation 
creation.  Of the factors discussed by these two authors, the most relevant to the 
simulations created for this project are realism, accuracy and representativeness.  Realism 
as discussed by Appleyard and Sheppard refers to the ‘response equivalence’ of a 
simulation to the real world location.  The realism of the simulations created in this 
project was affected by the fact that the entire landscape unit was simulated as a whole.  
Normally when creating a visualization of a given landscape, the producer works from a 
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representative photograph and attempts to equate the simulation elements to those found 
in the photograph.  When simulating an entire landscape unit, it is not possible to 
meticulously match ground textures, lighting conditions, etc., so a midline level of 
realism has to be decided upon.  For this reason, the visualizations used in the interface 
are never referred to as photo-realistic, but rather as semi-realistic.  The use of high 
oblique photo angles also make matching the simulations to the real landscape difficult, 
as there are no available photographs from which to work. 
 
Accuracy is another factor in the production of ‘good’ landscape visualizations 
(Appleyard 1977, Sheppard 1989).  Accuracy refers to the appropriate use of available 
data to construct a simulation that is based on the characteristics of the real-world scene.  
As with realism, the simulations constructed for this project represent an averaging of 
conditions across the entire landscape unit, and may therefore lack specific accuracy in 
individual scenes.  In many ways, however, these simulations are very accurate.  The 
strong ties to the ecological models (see Figure 3) means that factors such as tree images, 
forest stand density and tree height are data driven, and reflect the level of accuracy 
available from the underlying models.  Image elements such as roads, streams, lakes and 
terrain elements are also accurate to the level available in the underlying dataset.  While 
the realism of the images is difficult to assess without perception research, the accuracy 
can be more objectively assessed.   With the exception of particular image elements like 
terrain texture and lighting, the majority of the data in the visualizations is accurate to the 
level made available by the underlying modeling. 
 
The final design criteria to be discussed here is representativeness.  While the simulations 
created for this project do not show the landscape under different weather conditions, 
they do provide multiple viewpoints with an attempt to give a comprehensive picture of 
the landscape unit.  The provision of multiple views is a key factor in simulations being 
considered representative. 
 
Finally, the visualizations were draped with 3D representations of the spatial data 
associated with three of the graphs.  Old growth area, forest under the age of 40 years, 
and Swainson’s thrush (Catharus ustulatus) habitat were all draped on the visualization 
for each representative viewpoint.  While it was hypothesized earlier that draping may 
not be an effective way of communicating magnitude shifts, and relative trends in the 
quantitative data, it does allow the user to see the spatial representation of the data.  In 
this manner, the user can see both the magnitude trend and the spatial arrangement of the 
data simultaneously.  This may further elucidate the relationship between the non-visual 
indicators and the visual landscape.  
 
3.4 Summary Information (Text) 
 
The summary information component of the interface is intended as a location where text 
based information can be presented that will provide useful ancillary information to the 
user.  Currently this component is used to inform the user about the number of cubic 
metres that make up a truckload, and that the Swainson’s thrush habitat represented in the 
line graph consists of an amalgamation of the good and moderate quality habitat depicted 
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on the visualization (Appendix A).  This component could be used to convey any 
information that is best described in text, and, through the use of a scroll bar, could 
contain significantly more information than is currently presented.  If the interface were 
presented in a distributed manner (i.e. with the experimenter not present in the room with 
the subjects), this component could be used to house instructions for the operation of the 
interface. 
 
From a cognitive psychology standpoint, the inclusion of text allows for the utilization of 
working memory’s dual coding structure (Mayer 1997).  The dual coding theory of 
working memory (Paivo 1986) states that working memory is separated into two 
components – a visual processing system and a verbal processing system.  Provided that 
text is presented at the users pace (in the case of this interface interactively) it is 
processed using the verbal processing system.  The maps, graphs and visualizations, on 
the other hand, make use of the visual processing system.  When both systems are used 
simultaneously, more information can be processed, and referential links between the 
different information sources improve recall of the information and concept formation 
(Mayer 1997, Moreno & Mayer2002, Mayer et. al 1999, Mayer et. al 1996).  
Incorporation of the Summary Information component provides a modifiable text 
component in the interface that allows for the utilization and testing of the effects of dual 
coding on the information transfer of the interface. 
 
3.5 Interactivity 
 
From a common sense standpoint, it seems apparent that allowing the user to control the 
rate of information transfer, and the content of the information transfer will improve their 
overall comprehension of the information.  Research has found that learning of 
information is improved by interactivity (Moreno et. al 2001, Mayer 1997).  Providing 
the user with the ability to control the rate of presentation, as well as what information 
they wanted to see was one of the fundamental design goals of this project.  At the same 
time efforts were made to keep the interface simple, so that users were not overwhelmed 
by the number of controls they had to remember.  Interactivity was also limited by the 
software used in the creation of the visualization images.  Visualization packages are now 
beginning to emerge that allow for real time movement within the landscape, as well as 
real time alteration of landscape elements (e.g. projecting the landscape through time).  
These software packages are still not capable of dealing with landscapes of the size 
represented in this project, or with the complexity of the represented forest cover data.  
As a result, all of the images used in the interface in its current iteration are static images. 
 
The interactivity elements incorporated in the interface can be seen in the annotated 
depiction of the interface in Appendix A.  These elements include a scroll bar that allows 
the user to move forwards and backwards in time, a dropdown menu that allows them to 
choose which viewpoint they want to see on the visualizations, and a separate dropdown 
menu that allows them to determine which type of visualization image they want to look 
at.  With 10 time steps, four viewpoints and four image types (in the current interface 
arrangement) the user has 160 possible combinations of interface information to examine.  
Presented serially (as in an animation) this information would likely be overwhelming for 
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the viewer.  Through the use of interactivity it is hypothesized that the viewer can make 
use of perceptual grouping to amalgamate the information into a coherent picture of the 
patterns of change both visually and non-visually on the landscape. 
 
3.6 Interface Layout 
 
The main design goal in laying out the interface was to provide for the grouping of the 
different information sources in such a way as to facilitate spatial comparisons.  The 
secondary goal was to ensure that interface elements were of sufficient size that they 
could be accurately perceived by the user.  A significant constraint on the interface layout 
was the decision to tie the interface to a screen resolution of 1024X768 pixels.  This 
resolution, called XGA, was chosen because internet use statistics suggest that over 50% 
of online users have monitor resolutions greater than, or equal to XGA (Web Design 
Guide 2004).  Another reason for the selection of this resolution was that it is the 
maximum resolution for the projectors in CALP’s Landscape Immersion Lab (LIL).  
Future research with the interface will likely take place in LIL, therefore, ensuring the 
interface was designed within the display limitations of its projectors was an important 
criteria.  While it would be possible to allow for the dynamic resizing of the interface to 
accommodate different resolutions, this would introduce variation that would be difficult 
to account for in experimental conditions. 
 
The layout of the interface can be seen in Figure 1, and in the explanatory illustration in 
Appendix A.  The most important data sources to group perceptually were the 
visualizations and the line graphs, because these data sources varied together temporally, 
and because they contained the patterns and trends that the interface was designed to 
communicate.  The Gestalt principle of visual grouping has been well established as an 
important factor in displays (Zakia 1997).  Tufte (1989) also notes that people are better 
at making spatial comparisons than temporal comparisons, so it is advantageous to 
provide viewers with the ability to quickly compare related data sources.  Both the map 
and the summary information text area will likely be used as periodic references, so they 
have placed to one side on the interface, away from the primary grouping.  The interface 
control elements have been placed on the outside of the data display, so that they will not 
interfere with the users eye movements between data sources. 
 
The overall number of data elements in the interface was driven by two factors.  First, 
there is the limitation of the resolution of the interface.  This meant that the provision of 
too many data elements would make each individual element difficult to see.  The second 
and more important determinant of element number was the known limitations of human 
working memory.  Miller (1956) in his seminal paper on short term memory first 
postulated that humans could only simultaneously hold seven pieces of information, with 
a qualifier of plus or minus two given individual differences.  This work has since been 
expanded, and variations have been found based on age, reading ability, etc. (Baddeley 
1992).  The general rule, however, that people can only process a relatively small number 
of different information sources simultaneously seems to hold.  With the map, summary 
information area, visualization, and four line graphs, the interface as it is presently 
configured contains seven different information sources.  Provided the user can 



 11

perceptually group each information source into one perceptual unit, this would appear to 
fall within the limitations of working memory.  This is one of the main research questions 
tied to the interface, however.  How much information can be simultaneously conveyed, 
and what is the proper orientation and format for presenting it?  It is possible that the 
interface as it is currently configured contains too much information for non-experts to 
comprehend simultaneously.  The cognitive load of trying to track the changes in the 
different information sources may overwhelm the limitations of their working memory.  
It is also possible, however, that visual perception will allow them to group the available 
information into a smaller number of perceptual units, for example by combining the 
trends visible on the different graphs into one, larger pattern.  While the individual pieces 
of the interface have received varying levels of research in both cognitive and educational 
psychology, research into cohesive data displays is in its infancy (Sanderson, Haskell & 
Flach 1992).  The combination of various information presentation elements increases the 
complexity of the experimental procedures exponentially. 
 
From the standpoint of the size of the individual interface elements, there was little 
research or prescriptive literature to use as a basis.  Tufte (1983, 1989) states that the 
most important elements in a visual display should be given visual prominence.  This 
concept, though limited, was the basis for the selection of the sizes of the individual 
elements.  Due to the importance of the visualizations, and the complexity of the 
information they present, they were given primary importance in determining the relative 
sizes of the interface elements.  The map, summary information area, and graphs all 
contain text information, either as a data source, or as labels.  The primary concern in 
setting up each of these elements was providing sufficient size to allow the text to be 
legible.  This proved difficult on the map (Figure 2) as a trade-off was required between 
the text size and the amount of the map occluded by the legend.  It also proved difficult in 
the construction of the graphs, as the axis labels contribute significantly to the overall 
size of the graph.  A major reason for the provision of flexibility in the construction and 
orientation of the interface was to provide for experimentation with configurations and 
element sizes.  Only usability studies will truly determine if the current configuration, or 
some alternate configuration will be the best for conveying the information presented in 
the interface. 
 
 
4.0 Data 
 
The formation of the interface required a very comprehensive dataset, with a wide array 
of information sources.  Geographic Information Systems (GIS) data was required to 
create the reference map, and to form the base information for the visualizations in the 
form of terrain data, stream and lake locations and road locations.  Detailed forest cover 
data was also required, with the ability to project stand attributes into the future to allow 
for time series creation.  In order to replicate the change in landscape pattern associated 
with a particular management scenario it was also necessary to have harvesting model 
data for the chosen location.  This harvesting model was also required in order to provide 
quantitative information about volume and area harvested.  Finally, the availability of 
other modeled data, such as temporal and spatial changes in species habitat was 
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considered an important data source for communicating patterns of change on the 
landscape. 
 
The requirements for populating the interface meant that the available data sources were 
severely constricted.  The development of two large interdisciplinary projects within the 
University of British Columbia’s Faculty of Forestry provided two possibilities.  The first 
project was the Arrow Forest District’s Innovative Forest Practices Agreement (IFPA).  
This project brought together researchers from several different disciplines, which 
included the first attempt within the Faculty of Forestry to conduct a large-scale 
synchronization of various modeling packages; including a stand attribute model 
(FORECAST), a harvest scheduling model (ATLAS), a habitat suitability model 
(SIMFOR) and data driven landscape visualization (CALP visualization system).  The 
presence of all of these necessary data sources in a cohesive arrangement made the Arrow 
IFPA dataset one possible candidate.  The other possible data source came from the 
NSERC/SSHRC/CFS project conducted in the Chetwynd area of Northeastern BC.  This 
project contained a similar joint modeling effort to that used in the Arrow IFPA project, 
and therefore had similar benefits and constraints as a potential data source.  Due to the 
fact that the Arrow IFPA dataset was a more comprehensive dataset at the inception of 
the interface project, it was decided that it would provide the best available data for 
populating the interface. 
 
The Arrow Forest District is located in the Southwestern Kootenay region of British 
Columbia.  It runs from Nelson and Castlegar in the south, to Revelstoke in the north, and 
is centred on the Slocan Valley.  The Landscape unit within the Arrow Forest District that 
was the centre of the collaborative modeling effort was the Lemon landscape unit which 
is immediately to the west of the City of Slocan (see Figure 2). 
 
Figure 3 shows the connections between the various modeling packages used in the 
Arrow IFPA project.  It was these tight connections that allowed for the production of the 
sequenced time series data used in the current project’s interface. 

Figure 3: A schematic diagram showing the model connections developed for the 
Arrow IFPA project. 
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Once the appropriate dataset was selected, it was necessary to determine what data would 
be required for the interface.  Because the dataset was created before the interface 
project’s inception, it was not possible to request the formulation of particular data items, 
or formats.  This meant that the population of the interface had to be adjusted to the 
available data.  Ideally, the data used to populate the interface would be determined by 
important local issues, be they ecological, hydrological, socioeconomic, etc.  These issues 
would likely be determined through the use surveys, or a process such as a multi-criterion 
analysis. 
 
Because the available data was limited in scope it was necessary to focus the interface 
presentation on a particular area of information.  It was decided that ecological 
information, and specifically landscape ecology information, would be the focus of the 
presentation by the interface.  D’Eon (2002) has conducted a detailed review of landscape 
ecology metrics and their applications in the Arrow Forest District.  He found that 
fragmentation of old growth habitat was not a major problem in this area of the province, 
and that total habitat amount is a much larger concern than fragmentation (D’Eon 2002).  
This corroborates Bunnell’s (1999) assertion that fragmentation is not a large problem in 
the forests of western North America.   Given these findings, it was determined that the 
use of landscape ecology metrics of spatial pattern such as fragmentation and 
edge/interior ratio were not viable data for presentation, and that measures of species 
habitat amount, and forest structural characteristic amount were better indicators of the 
landscapes condition.  Amount of old growth was calculated for the Lemon landscape 
unit from time series data generated from FORECAST and ATLAS.  The amount of 
forest under the age of 40 was also calculated, as this forest is considered early seral, with 
particular structural attributes (D’Eon 2002).  During the initial collaborative model run a 
spatial habitat model was run using SIMFOR to determine the amount of available 
habitat for the Swainson’s thrush.  The Swainson’s thrush information was also included 
in the interface as an indicator of species habitat variability over time.  Other SIMFOR 
runs were not conducted on the same timescale as the information used in the interface, 
and therefore could not be included in the information presented.  Finally, the mean 
annual volume of timber harvested in the Lemon landscape unit was included in the 
interface as an indication of the amount of forestry activity taking place in the unit.  This 
information was converted to truckloads to make it more salient to members of the public 
who may not be familiar with the conception of a cubic metre of wood (but who would 
likely have seen a laden logging truck as a point of comparison).  The volume 
information was converted to truckloads using the equation of one truckload equaling 35 
m3 (Solomon 2001). 
 
While the available data was limited, and perhaps not ideal, the final arrangement forms a 
cohesive picture that focuses on the amount of forest of important structural types, the 
amount of habitat for an indicator species, and the amount of timber being extracted from 
the unit on a yearly basis. 
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5.0 Technical Construction of the Interface 
 
From its inception the interface was intended as a tool for experimentation, instead of as a 
software product for use in real world planning processes.  Rather than construct a 
complicated and rigid application based on a ‘best guess’ approach about what was 
required (a common problem in interface design (Schneiderman 1998)), it was decided 
that it was better to keep the application simple so that experimentation was facilitated.  
This conception drove the development of the interface and resulted in a particular design 
strategy.  The purpose of the interface was to be a rapid development platform for 
different information configurations.  The interface also needed to be simple, so that it 
was possible to operationalize experiments that could control for the information 
presentation mode without confounding factors and interactions affecting the 
experimental results.  To this end, efforts were made to make the interface as simple as 
possible; limiting interface elements, display items and interface modes. 
 
This focus on modularity and simplicity is also reflected in the method through which the 
interface acquires the various data sources.  The visualizations, maps and graphs reside as 
files within a simple data structure.  These files have particular naming conventions 
through which they are accessed by the interface.  Changing the management scenario or 
data represented in the interface is simply a matter of changing the directories and file 
names that the interface points to.  This means that the interface is not tied to any 
particular modeling or visualization software, and can be used with any data source that 
can output static images in any of a variety of image formats.  The interface, therefore, is 
simply a highly configurable window on the data, and is not dependent upon specific 
formats or data structures. 
 
The design strategy also made the selection of programming language important.  The 
Java programming language was selected for three main reasons: 
 

1. Java is cross platform – By using Java the interface is not tied to any particular 
operating system.  The CALP labs include computers with Windows, Linux, 
MacIntosh, and SGI IRIX operating systems.  The interface will run on all of 
these operating systems without the need for further configuration.  This gives 
significant flexibility in the mode of presentation of the interface to subjects for 
research. 

 
2. Java allows for rapid development – One of the main strengths of the Java 

programming language is its modular construction.  There are thousands of freely 
available libraries of code that can be used to extend the capabilities of an 
application.  Previously written code is also easily incorporated into new 
applications, this means that it is relatively fast and easy to modify the interface to 
reflect different display organizations and data configurations. 

 
3. Java is designed for network applications – Java was designed to be used in 

client/server applications.  This means that the interface could easily be modified 
to run as an applet in any Java enabled web browser, with the data being served 
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from a central location.  This would allow for distributed experiments in a 
controlled lab setting, with remote communities, or widely distributed over the 
Internet. 

 
The simplicity and flexibility of the interface will allow for structured experimentation 
and user testing.  As a result of the experiments and user tests, it should be possible to 
expand the capabilities of the interface based on user needs and wants, and the findings of 
perception experiments that determine how best to communicate the relevant land-use 
planning information. 
 
6.0 Future Directions and Conclusions  
 
In many ways the completion of the initial interface marks the beginning, rather than the 
end of this research project.  The next step in the process is to design and conduct 
experiments to assess the ability of the interface to convey information about changes in 
landscape pattern, and potentially to change people’s opinions of forest management 
actions. 
 
The initial step in the testing procedure will be to conduct simple usability testing to 
determine if the interface is properly arranged, and that all of the data display and 
interface control elements are easily understandable. 
 
Next perception testing will be conducted to ascertain the ability of the interface to foster 
recall of information and transfer of that information to novel situations, when compared 
with more traditional methods of information presentation such as thematic maps and 
text-based information.  This research will build on the significant volume of research 
into the use of different information sources in educational psychology (Mayer 1997).  
Focus in this research will be on the ability of the interface to communicate patterns of 
change on the visualizations with corresponding patterns of change in the numerical 
indicators.  The hypothesis for this work is that it may be possible to convey information 
about patterns, such that user’s can look at photographs or simulations of novel 
landscapes and infer relationships in non-visual aspects of the landscape, similar to how 
experts and land managers view new landscapes. 
 
Based upon the results of the usability studies and perception tests, alterations will likely 
be made to the interface to address limitations and to test novel features.  One possibility 
involves the creation of an interface that displays multiple scenarios simultaneously, to 
allow users to compare patterns across different management regimes.  There is also the 
possibility of incorporating new data displays and interaction modes into the interface.  
The rapid development in the fields of real-time landscape visualization and information 
visualization means there are several developing technologies that could help to 
communicate the complex information inherent in land-use planning. 
 
Another likely development is the move from an individual based tool to one that is 
geared towards group collaborative planning settings.  This interface would need to 
incorporate different interaction mechanisms that would support multiple inputs from 
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different group members, and would need to consider how group dynamics may change 
the demands on the data display. 
 
Finally, experimentation and development of the interface should serve to inform the 
creation and development of planning tools that are truly intended for use in real world 
planning processes.  The flexible experimental nature of the interface developed for this 
project should provide direction to future tools that are geared towards improving the 
information transfer and interactive nature of land-use planning processes in British 
Columbia and elsewhere.
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