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1 ABSTRACT  
Addressing complexity and uncertainty about the future requires integration and alignment of 
education and research through transdisciplinary approaches. The Geodesign process (Steinitz, 
2012) systematically aligns researcher-based modeling with stakeholder-driven assumptions about 
a place and its future. Within an NSF EPSCoR-funded Project, researchers have been tasked with 
creating scenarios to depict various trajectories of change which may occur across the landscape. 
The GEM3 (Genomics by Environment: Modeling, Mechanisms, and Mapping) Geodesign Studio 
demonstrates this process through application of Geodesign to an applied semester studio project 
to address an increasing population and recreation issues for two regions in Southern Idaho. The 
purpose of this study provides a framework for evaluation and application of student outputs of a 
Geodesign studio into an active research project. The framework employs a mixed-methods 
approach aligning landscape planning education competencies with inputs from a transdiciplinary 
project. The method consists of two components: a) studio participants utilize stakeholder and 
researcher input variables into scenarios, and b) scenario evaluation consisting of hotspot analysis 
(Getis & Ord, 1992) with a statistical regression to validate variables. Results of these methods 
advance research in the following areas: 1) creation of a transferable framework for scenario 
development and evaluation, 2) creation of scenario depictions, and 3) provision of an evaluation 
metric integrating student-driven research into research. This evaluation contributes to pedagogical 
landscape planning competencies (Brundiers & Wiek, 2011) to demonstrate strengths within 
geodesign as a tool for heuristics in education. This approach imparts a framework to further 
pedagogical competencies while simultaneously advancing transdisciplinary research. 
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2          INTRODUCTION  
 

The Geodesign process systematically aligns researcher-informed data with stakeholder-driven 
assumptions about a place (Steinitz, 2012). Outputs of this process can potentially take the form of 
projective scenarios (Hulse et al., 2009; Petit et al., 2019). Within the GEM3 (Genomics by Environment: 
Modeling, Mechanisms and Mapping) project, researchers from the Social Ecological Systems (SES) team 
have been tasked with creating scenarios to depict various trajectories of change which may occur in future 
land use and land cover models as well as hindcasting models of the past (Trammell, 2018). These 
predictive models are depictions of externalities of human management decisions and/or biophysical 
impacts on species genetics and adaptions to their environment (Steinitz et al., 2005; Mahmoud et al., 
2009; Shearer, 2009; Iverson Nassauer and Corry, 2004). 

As a component of the Mapping SES conditions effort, the Fall GEM3 Vertically-Integrated 
Geodesign studio course was established to formulate outputs. These outputs have provided initial and/or 
secondary drafts of the scenario land use and land cover change representations as well as graphics to 
elicit and elucidate stakeholder feedback (Ferguson et al., 2017; Eanes et al., 2019). Outputs of the course 
intend to advance the research in the following areas: 1) creating a simplified and transferable workflow for 
scenario development, and 2) creation of draft scenario depictions for GEM3 Mapping. The GEM3 
Geodesign studio intends to provide drafts of these scenarios as well as analytical representations (e.g. 
climate projections, development density, land cover change, etc.) to be potentially used within stakeholder 
meetings. As a learning outcome, students will have the opportunity to develop their skills within five 
competencies in design and planning: a) systems-thinking, b) interpersonal and transdisciplinary, c) 
anticipatory, d) normative, & e) strategic (Wiek et al., 2011). Student outputs from both courses are intended 
to be evaluated to determine consensus with spatially explicit assessment tools (Getis and Ord, 1992; ESRI 
2016). The draft scenarios as student outputs are meant to provide for further scenario and alternative 
future development with the GEM3 project. The consensus from this study will provide researchers and 
stakeholders with key areas of impact through hot spot analysis (ESRI, 2016). The studio course was 
offered and advertised to students from diverse backgrounds, perspectives, and life experiences. Access 
to remote desktop connections as well as virtual platforms were made available for access in various 
locations in the state and region.  

 

 
 

Figure 1: GEM3 VIP Geodesign Studio Timeline. This graphic illustrates where the GEM3 
Geodesign studio scenarios fit into the GEM3 SES scenario process. 
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2.1 Project Purpose and Overview 
This research intends to provide educators and researchers with a framework to align transdisciplinary 
research with education, establish a model for course delivery in scenario planning and analysis, and a 
create a method for analyzing and determining consensus from various student-driven, stakeholder-
informed scenarios of change. The heuristic approach provides pathways for transdisciplinary research 
course delivery by providing conduits for student learning which evoke mental shortcuts to address 
uncertainty and bias (Tversky and Kahneman, 1974) in landscape architecture and planning education. 
Student outputs were evaluated to determine geospatial consensus thus providing an indicator of learning 
within the studio and key areas of impact within the scenario suite for each region. This consensus, an 
agreement among the student group concerning key variables, attributes, and their conditions, indicates 
learning as the convergence of concepts and tools delivered within the studio through a heuristic. Modules 
of the course included self-directed analysis, design, and evaluation (Figure 1). 
 
2.2 Current Methodologies for Scenario Development and Geodesign in Landscape 
Architecture and Planning Studios 
Courses in scenario planning and analysis in landscape architecture and planning programs have had 
success in delivery of information and methods for creation of scenarios and evaluations (Albert et al., 
2015). Through mixed-method approaches, student learning can be achieved through short course and 
semester-long delivery of the Geodesign process (Steinitz, 2012; Albert et al., 2015). However, alignment 
with active research projects can be a difficult undertaking due to adherence to timelines of research 
delivery, instruction of course deliverables, and activation of learning objectives. This research attempts to 
provide students with the sense of ‘stake’ or agency by participating as modelers and stakeholders 
(Ferguson et al, 2017) within a landscape planning studio setting. In the studio introduced in this paper, 
students were presented with various frameworks to create ‘shortcuts’ within the process which were driven 
by uncertainty and bias heuristics (Taversky and Kahneman, 1974). The intent of this process provides 
students with a catalyst to develop new conceptual understandings about carrying out a research project 
through transdisciplinary thinking in research methodologies (Kliskey et al., 2021). 
 
2.2 Application of Heuristics 

Being that this was a transdisciplinary project with students from backgrounds in various levels of 
their education, a framework to address new ways of addressing uncertainty and bias heuristics was applied 
to course development, content delivery, web-tool application, and theoretical development in an 
expeditious manner. This research operationalized the Nobel Memorial Prize awardees’, Amos Tversky 
and Daniel Kahneman’s, key contribution of a set of heuristics to drive decision-making amidst uncertainty 
and bias (Tversky and Kahneman, 1974). The following section describes each uncertainty and bias 
heuristic applied to module development in the GEM3 Geodesign Studio. 

‘Representativeness’ as a concept provides decision-makers, students in this case, with a 
judgement call to understand which data, events or phenomenon are inherent in a particular process. 
‘Availability of instances’ or scenarios offers individuals with the possibility to model or formulate understood 
processes into a set of scenarios to understand frequency of change. ‘Adjustment from an anchor’ asks 
individuals to review predicted outcomes through various metrics or indicators of change as to denote 
nuance between instances or scenarios (Tversky and Kahneman, 1974). This project evokes these 
heuristic concepts to guide student learning and development through a landscape planning studio. 
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2.3 Alternative Futures and Scenarios 
Scenario analysis is a robust method for dealing with uncertainty (Schwartz et al., 1996), both in 

terms of mechanistic understanding (Carpenter, 2002) and human endeavors (Bradfield, 2005). We can 
develop scenarios in a number of ways to explore a number of future states, depending on the goal of the 
project (Mahmoud, 2009). Normative scenarios can be used to help generate support and coordination for 
a desired set of future conditions (Nassauer and Corry, 2004), while exploratory scenarios can be used to 
identify future states under a given set of assumptions (Hulse et al., 2009). These assumptions can be 
based on stakeholder input (Baker et al., 2004), expert knowledge (Steinitz et al., 2005) or by data-driven 
patterns identified using geographic information systems (Hulse et al. 2009; Jahanishakib, 2018). We 
propose utilizing all three to generate a complete picture of what adaptive capacity and adaptive potential 
might look like for various regions. In many cases, scenario analysis focuses on few key drivers of change 
to explore future conditions. A more comprehensive approach is to utilize critical uncertainties, the most 
uncertain and potentially significant forces in a region, to frame multivariate scenarios that explicitly tackle 
the uncertainty in those forces (Shearer et al., 2006). This approach is especially robust when combined 
with spatial models of the scenarios, called alternative futures (Steinitz et al., 2005). Alternative futures (AF) 
assessments provide a way to explore plausible options for the future of a region or community based on 
stakeholder interests in the region or community (Hulse et al., 2009). AF assessments organize, generate, 
and simulate both qualitative and quantitative data to represent models of change. Plausible trajectories of 
change are tested through researcher-developed spatially explicit mechanistic models and/or stakeholder-
guided assumptions (Iwaniec et al., 2020, Nassauer, 2011). Through various tools and methods of inquiry, 
the combination of data and assumptions from stakeholders works to ground-truth key uncertainties of 
environmental change for the near and long-term future (Trammell, 2018), that will, in part, come from the 
modeling described above. Multivariate scenario narratives are used to describe and relate a series of 
plausible future actions to the SAG (Stakeholder Advisory Group) who express to what extent the scenarios 
represent observed reality, with iterations to ensure agreement by both the research team and stakeholders 
(Baker et al., 2004; Shearer, 2009). Subsequent sessions aim to validate scenario models for each 
trajectory of change and develop adaptation strategies that will be spatially represented as a set of 
alternative futures. Utilizing feedback about future conditions from the stakeholders and experts, a suite of 
impact models will be developed that help stakeholders understand the implications of each of the future 
scenarios (Trammell, 2018). 
 
2.4 GEM3 Project Scenarios 

The National Science Foundation (NSF) Established Program to Stimulate Competitive Research 
(EPSCoR) Genes by Environment: Modeling, Mechanisms and Mapping (GEM3) project in Idaho seeks to 
explore how organisms, and the systems in which they live, adapt to changing environments in order to 
inform future management practices through stakeholder-driven, researcher-based future scenario 
modeling. This transdisciplinary research project aligns researchers with capabilities in landscape planning, 
environmental science, bioinformatics, complex modeling, ecology, fisheries science, genomics, geospatial 
science, remote sensing, and social-ecological systems (SES) coupled from placed-based assumptions 
from stakeholder advisory groups (SAGs). The GEM3 project established scenarios through Geodesign 
(Steinitz, 2012). Upon future model completion, researchers were tasked with evaluating scenario efficacy 
through performance metrics to determine alternative futures of landscape change models (Steinitz, 2012). 
The change models are depictions of stakeholder-informed, research-based assumptions (Shearer, 2009) 
of how the landscape may be depicted in 2050 for two regions in southern Idaho: Teton Valley and the 
Owyhee region. These sites were selected as they are the most impacted by projected development and 
land use change within the region, particularly because of increased recreation and a decrease in 
sagebrush habitat. These threats are primarily due to population increase within the regions. Teton valley 
has experienced a growth rate of 3.74% within 2021 alone with population noted as 13,615 residents circa 
2021. With a population of 12,133 residents, Owyhee county has a relatively low annual growth rate 
(0.847% in 2021), however residents from larger neighboring communities, such as Boise, recreate within 
the Owyhee region. 
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Throughout the progression of the GEM3 project, researchers have identified core themes per each 
scenario based on stakeholder input. Stakeholder engagement practices were utilized during the process 
to formulate these core themes as ‘critical uncertainties.’ In the methods section, Table 1 depicts 
stakeholder-driven scenario parameters and their associated themes (column titles) for both regions. The 
following sections provide background for Geodesign, and describe how this transdisciplinary research 
process was provided to students in a studio. 
 
2.5 Geodesign and the GEM3 Geodesign Studio 

Geodesign hinges on the central question, “How do we get from the present state of this 
geographical study area to the best possible future?” (Steinitz, 2012). This iterative process align s 
stakeholder input along with landscape analysis, design, and revision through consensus or success 
metrics. The process works through key questions to understand critical processes of a place, and how 
well these processes and systems operate. Subsequently, potential changes are identified, incorporated 
and evaluated. This process typically relies on coupling of research-based models and stakeholder input. 
Through a Geodesign framework, various scenarios and alternative futures can be established to provide 
stakeholders, policy makers, and clients with various permutations of the future established by subject 
matter experts or stakeholders. Within the GEM3 Geodesign Studio, the process was used as a mechanism 
to establish scenario development (Steinitz, 2018; Albert et al., 2015).  

The GEM3 studio course intends to use a Geodesign process to address uncertainty for two 
regions in Idaho: Teton Valley & the Owyhees. Students within the coures were from varying backgrounds 
and grade levels (undergraduate and graduate students) in fields such as geography, landscape 
architecture, architecture, and planning. The intended course outcomes were to review relevant literature 
to understand current research within geodesign and alternative futures, while learning applicable 
methodologies for analytical, planning, and evaluation. The course objectives are as followings: a) integrate 
interdisciplinary research within planning outputs by way of geodesign, b) utilize tools for geospatial analysis 
and suitabilty mapping, c) create alternative futures for the regions, and d) evaluate the scenarios and 
futures based on evaluation metrics.  

These regions, Teton Valley and the Owyhee Region of Idaho, were selected by the GEM3 SES 
(Social Ecological Systems) team as project demonstration study areas with two, previously selected 
stakeholder groups associated with each area. Within the project, stakeholder-driven critical uncertainties 
(Shearer et al., 2006) included the following thematic concerns for both regions: a) ‘Will economic dynamics 
change for the region due to increased recreation’, b) ‘Will impacts occur in sagebrush habitat due to 
unmanaged recreation’, c) ‘Will private lands become developed and transition from agriculture to a 
recreation-based economy’, and d) ‘How will recreation, housing development, and climate change affect 
wildlife habitat and migration.’ We utilized these uncertainties to influence representations as future 
projective scenario maps to be utilized within stakeholder meetings. As drafts, these future scenarios  
depictions as well as analytical representations (e.g. climate projections, population growth, increase in 
recreation, land cover change, etc.) were used to elicit feedback from the stakeholder group. For the 
purposes of the studio, the students did not have interaction with the stakeholder group, however, they 
were presented with the critical uncertainties as well as GEM3 Scenario data. Students were then tasked 
to develop scenarios based on their system understandings and analysis. 

 Student outputs from the course were intended to be evaluated to determine impact through 
various assessment tools to understand uncertainty and bias heuristic consensus. As a learning outcome, 
students have demonstrated competency (Wiek et al., 2017) in scenario planning to analyze relevant 
variables within a SES, apply analytical outputs to a land use and land cover plan per a stakeholder-
informed scenario, and evaluate the alternative future representations to understand nuance and impact 
per each scenario.  

Students were provided with a database consisting of layers and features relevant to each site. 
Feature classes included the following: National Land Cover Data (NLCD) (USGS, 2012), population 
density projections (US Census Bureau, 2020), Cropland Data Layers (CDL) (USDA, 2020), along with 
access to ESRI’s Living Atlas (ESRI, 2019). Students applied analysis, designs and evaluation through a 
web-based spatial tool created specifically for design called Geoplanner (ESRI, 2019). Through use of 
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ESRI’s Geoplanner, students had access to various tools to create weighted raster overlays to run suitability 
for various scenario interventions. Student outputs were compiled into a ‘Hub’ to record the process for 
delivery and dissemination. 

The 14-week studio course was offered and advertised to students from diverse backgrounds, 
perspectives, and life experiences. Access to remote desktop connections as well as virtual platforms was 
also made available. The course was divided into 4 modules of delivery:  Module 1: Analysis, Module 2: 
Design, and Module 3: Evaluation. Each module and applicability to the associated Tverksy and Kahneman 
Heuristic is explained in subsequent paragraphs. 

Within Module1: Analysis, students were presented with exercises to understand Geodesign 
literature and examples through case study investigation through presentations and reports. Students were 
then presented with the GEM3 stakeholder scenarios. After relevant exercises with analytical tools in 
ArcGIS online and Geoplanner, students were asked to construct and run various forms of analysis to 
answer the questions “How is the study area operating?” and “Is the study area working well?” (Steinitz, 
2012). This module aligns with Tversky and Kaheman’s notion of representativeness (Tversky and 
Kahneman, 1974) by asking students to make a judgement about relevant data, analytical tools, and 
presentation through a method of representing complexity in the SES. 

Module 2: Design consisted of exercises to determine what changes might occur for the year 2050 
under the assumptions of the GEM3 stakeholders. Students were given rates of change for each system in 
their assigned scenario and subsequently asked to design land use and land cover ‘change model’ (Steinitz, 
2012) representations of how the assigned scenario may unfold (i.e. an Alternative Future). Students were 
given the following land use and land cover classes to construct proportions based on the scenario 
parameters: Agriculture Protection Zone (APZ), Wildlife Protection Zone (WPZ), Fire Risk Zone (FRZ), 
Developed Areas (DA), Managed Recreation Area (MRA) Invasive Species Risk (ISR) area, Unmanaged 
Recreation Area (URA), and Water Conservation Area (WCA). The applied heuristic within this module was 
availability of instances or scenarios (Tversky and Kahneman, 1974). This heuristic was selected as it 
asked students to determine plausible development and change based on their assigned scenario. 

Module 3: Evaluation, asked students to compare their scenario design with the other students’ 
scenarios to understand proportion of area in each scenario or where fellow students understood growth or 
change to occur. The students used this exercise to revise their scenario designs based on understandings 
of the entire suite of scenario comparisons. The heuristic of adjustment from an anchor (Tversky and 
Kaheman, 1974) guided the development and delivery of this module as specific implications and values 
became apparent in their scenarios of change.  
 
3 RESEARCH OBJECTIVES 
 

Research conducted within this project intends to inform the following objectives: a) provide a 
framework for studio course uncertainty and bias heuristics delivery in the context of scenario development, 
b) present alignment of an active transdisciplinary research project and a landscape architecture and 
planning studio, and c) present a formalized methodology to evaluate consensus from student scenario 
outputs. These objectives provide landscape architecture and planning education with a workflow to 
effectively activate student learning through provision of a mechanism for content delivery and an evaluation 
instrument to determine the occurrence of learning among a studio cohort. Results and conclusions of this 
research are presented with the intention of providing educators and researchers in landscape architecture 
and planning programs with a mechanism to align research projects and studios concurrently. 
 
4 METHODS  
 

The methods section describes applicable data as well as the process used to formulate consensus 
within both the Owyhee Region and Teton Valley of southern Idaho. The process consisted of scenario 
formulation and validation as a student output. A scenario consensus evaluation for both regions was 
conducted amongst the group to demonstrate transdisciplinary research thinking. 
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4.1       Stakeholder-informed, Student-driven Scenarios and Data Utilized 

Prior to conducting the studio course, GEM3 SES researchers conducted surveys, interviews and 
stakeholder meetings to determine scenarios, themes and critical uncertainties (Shearer et al., 2006) for 
each region. Table 1 depicts scenarios for each region and their associated ‘uncertainty themes’ as well as 
their rates of change per each scenario. These permutations were used by students to parameterize and 
calibrate their land use and land cover change models in Module 2: Design. Population growth utilized 
current and projected census data from the 2020 census at the block group. Students used climate data as 
RCP (Representative Concentration Pathways) values from CMIP6 (Common Management Information 
Protocol version 6) as well as SSPs (Shared Socio-Economic Pathways) (Doelman et al., 2018) from the 
International Panel for Climate Change (IPCC, 2021). Recreation proportions were guided by scenario 
assumptions and land use data. Socio-Economic data used National Land Cover Dataset (NLCD) (USDA, 
2012) development classes as a proxy for understanding growth and change. Fire modeling data from 
USDA LANDIS (USDA, 2022) data provided areas of impact within specified areas. Aquifer levels (IDWR, 
2021) as well as NHD data provided students with past and current data to compare for the study. Wildlife 
migration and habitat also used NLCD data classes as a proxy for scenario development. Table 1 describes 
each of these parameters and permutations for each scenario in both regions. 
 
4.2 Scenario Consensus and Evaluation 

Upon completion of modules delivered within the course, a consensus analysis was performed 
utilizing Getis Ord GI* (Ord and Getis, 1995; Mann, 1945; Kendall and Gibbons, 1990) statistical tools, 
specifically Hot Spot Analysis (ESRI, 2016) to determine key areas of impact and consensus for each 
region. The tool indicates ‘hot’ and ‘cold’ spots by statistically testing significant variables by their cluster of 
high and low values. Areas with statistically significant high values are transferred into bins deemed ‘hot’ 
whereas low value clusters are placed into ‘cold’ bins (ESRI, 2016). Within this project, the tool 
demonstrates consensus among student outputs thus signifying agreement that occured within the project. 
This agreement illustrates student learning through transdisciplinary research thinking by way of conceptual 
collaboration established amongst the group. A geospatial statistics test using Moran’s Index (Moran, 
1950), which is also referred to as Moran’s I, was used to test for autocorrelation to refute the null hypothesis 
that clustering occurred by random chance. Basically, Moran’s I measures similarity in observations and if 
the occurrence of these observations is based on a specific set of variables or variable. These tests were 
used in a sequence to first measure student alignment amongst the studio (Hot Spot Analysis), and to 
subsequently test for statistical significance or errors (Moran’s I). 
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Table 1. Owyhee and Teton Valley Scenario Parameters 
 
Scenarios 

 
Populatio
n Growth 

Climate 
(RCP, 
Precip, 
Heat) 

 
Recreation 

 
Socio-
Economic 
Change 

 
Fire 

 
Water 

Wildlife 
Migration 
and 
Habitat 

 
Destroying 
Boise’s 
Playground 
(Owyhee) 

 
Growth 
increased 
beyond 
trend 

 
RCP 8.5, 
decrease in 
precip. 

Increase in 
motorized 
recreation 
and trail 
usage 

 
Small 
increase in 
commercial 

 
Increase 
in fire risk 

 
Decreas
e in 
aquifer 
levels 

 
 
N/A 

Ecological 
Conservation 
(Owyhee) 

Slight 
increase in 
population 

RCP 2, low 
decrease in 
precip.& 
heat 

Decrease or 
limited 
recreation 

Increase in 
economic 
incentives 
for ecology 

 increases 
but 
controlled 

Water 
BMPs 
causing 
increase 
in 
aquifer 

N/A 

Managed 
Recreation 
(Owyhee) 

High 
increase 

RCP 4.5 to 
6, moderate 
decrease in 
precip. 

Increase 
however 
managed 

Increase 
due to 
influx of 
tourists 

Increases 
but 
controlled 

Water 
BMPs 
causing 
increase 
in 
aquifer 

N/A 

Keep Teton 
Wild (Teton) 

Mod 
population 
growth 

RCP 4.5, 
Moderate 
increase in 
heat and 
precip. 

Small 
reduction of 
ag and 
decrease in 
recreation 

Slight 
increase 

Slight 
increase 
and 
controlled 

Increase 
in water 
quality 
BMPs 

Wildlife 
corridors 
and 
protection 
increases 

Sustainable 
Mountain 
Community 

Mod 
population 
growth 

RCP 4.5, 
Moderate 
increase in 
heat and 
precip. 

Increase in 
recreation 

Slight 
increase 

Slight 
increase 
and 
controlled 

Increase 
in water 
quality 
BMPs 

Increased 
protection, 
population 
centers 
impacted 

Recreation 
Sprawl 
(Business as 
Usual) 

High 
population 
growth 

RCP 6.5, 
moderate 
increase of 
heat and 
decrease in 
precip. 

Moderate 
growth of 
recreation 
areas 

Moderate 
increase 

Moderate 
increase 

Decreas
e in 
water 
quality 
and 
quantity 

Habitat 
quality 
decreases 

 
5 RESULTS 
  

Upon completion of all modules, students constructed various scenarios of change for both regions. 
Each student was assigned a specific scenario for one of the regions. The entire suite of scenarios was 
modeled through ArcPro software for advanced users or through ArcGIS Online for students with beginner 
and intermediate geospatial software skills. Students combined all scenarios into one platform, Geoplanner 
(ESRI, 2019),which was used to evaluate scenarios under various indices. An example of the graphic user 
interface for the web-based tool is provided in Figure 2. Results of this component, demonstrate students’ 
abilities to create, evaluate and revise their scenario depictions (Figure 2) by influence from other student 
inputs. Students’ initial responses were either very coarse or at a fine grain in resolution, however post 
Module 3: Evaluation, student’s revised designs to meet a standard previously set by the cohort. Figure 2 
depicts ouputs of scenario configurations for the Teton Valley Idaho watershed from two students. Students 
revised their own work following review of other students’ scenario representations. 
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Figure 2: Example of student outputs through ESRI's Geoplanner. This example provides a 
geospatial depiction of a scenario as well as a set of indicators for Teton Valley, Idaho comparing 
two scenarios (Recreation Sprawl & Sustainable Mountain Community) of change for the valley. 
Various charts were used in Geoplanner to determine proportions of change per each scenario. 

 
5.1 Scenario Evaluation with Consensus 

Following scenario creation, various geospatial analytical tools were used to identify key areas of 
impact which denote agreement throughout the cohort. Consensus indicates a high level of agreement 
within both study areas across each scenario suite per the specified region. These results indicate areas 
of impact across all scenarios from the perspective of the GEM3 Geodesign Studio participants. 

 

 
 

Figure 3: Histogram of Scenario Consensus for the Owyhee Region and Teton Valley Idaho.  
 
Results from the Moran’s Index (Moran, 1950) indicate low spatial autocorrelation through analysis 

of both regions. In the Owyhee Region, statistic tests indicate a z-score of 453 thus stating that random 
clustering is less than a 1% chance, refuting the null hypothesis of spatial autocorrelation. The z-score 
within the Teton region at a score of 2068 based on hotspot analysis of all student scenarios, denote a 
likelihood of less than 1% clustering by random chance thus providing statistically significance of clustering 
occuring at 97.18%. 
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Figure 4: Spatial- Auto Correlation Test results with Moran I. 
 
6 CONCLUSIONS: Application of Heuristics in Scenario-based Learning 
 

Results indicate that through scenario-based studio delivery, significant student consensus has 
been achieved for key areas of impact for across the suite of scenarios for both regions. The consensus 
indicates a heuristic approach (Tversky and Kahneman, 1974) for course delivery was successful for 
aligned transdisciplinary ideas from the studio. Student learning in tandem with a research-based scenarios 
project is achievable through platforms of delivery in a 14-week course for student learning at all levels. 
Refined scenario depictions provide the GEM3 SES research with draft scenarios as well as an expedited 
and statistically significant method to determine agreement amongst scenario depictions. In short, the 
modules of course delivery align student learning competencies with GEM3 research objectives for further 
scenario development. 
 
7 DISCUSSION: Determining Heuristics in Pedagogical Course Delivery  

 
Current shifts in our understandings of systems-level modeling and research require bespoke 

ontological discourse in our methods to address uncertainty (Thompson et al., 2020; Markolf et al., 2018; 
Ollivier et al., 2017). Our pedagogical practices in landscape architecture and planning are no different. 
This research intends to address and impart both needs for furthering our ontological conceptions of 
systems and solutions through scenarios education. The application of the uncertainty and bias heuristics 
(Tversky and Kahneman, 1974) for shortcut pathways of learning in scenario development provides a 
framework for studio course delivery to engage students at various levels for successful outputs. Similarly, 
alignment of transdisciplinary research and education as a new norm for learning can aid in application 
within course delivery of landscape architecture and planning studios. The alignment of research and 
application gives students and learners a sense of ownership as well as agency to better inform decision-
making. There is a need for furthering research to leverage agency for students to transition into future 
practice, research, and continuing education. This course framework aims to address this need. 

Similarly, further assessment of development in scenario-based, studio course delivery must be 
conducted to understand roles, impact for learning, and issues within the process. The evaluation of overall 
alignment of shared understandings amongst the student group demonstrates statistical significance; 
however, further methods to understand if student learning occured needs further exploration. Further 
research requires qualitative and quantative tools for learning evaluation to determine achievement of 
course and learning objecitves. Proposed future research regarding studio configuration and evaluation 
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may consist of the following: a) pre- and post-course surveys to evaluate learning through self-assessment, 
b) geospatial metrics per each scenario based on variables and their significance, c) assessment of similar 
applied heuristics within other courses from various fields, and d) potenial reconfiguration of studio modules 
to incorporate multiple iterations of designs through revision. Furthering research through transdisciplinary 
methods can be achieved through application of similar stakeholder/student engagement exercises with 
student-driven outputs, however further research requires learning and achievement success metrics. 

This project and similar projects have the potential to significantly align education with research to 
improve local and regional understandings of systems, implications of designs, and iterations of the 
designs. In education, this research proposes heuristic-based modules for course delivery and structured 
courses applying a Geodesign framework to bolster student learning through anticipatory and systems-
thinking competencies (Wiek et al., 2017). Paradigm shifts in our current education system can be 
addressed by scenario researchers’ capability and need to align teaching, scholarship, and service through 
similar studio frameworks to vet stakeholder assumptions (Ferguson et al., 2017; Steinitz, 2018). In terms 
of broader impacts, this research attempts to address these shifts by application in an active research 
project within a studio course. Furthering education and research is a need within our education and 
implementation-based networks, and preparation of students for future possibilities within both fields may 
be a focus within our education practices for the future of landscape architecture and planning. 
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