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—— Abstract

Understanding how spatial knowledge is organized and used across real-world tasks remains an

important challenge in spatial cognition research. This paper presents a pilot test of SPaRKS,
a framework developed to capture cognitive map accuracy, route decision making, verbalized
navigation strategies, GPS use, and navigational value across a dynamic set of cartographic tasks
and questionnaires. Using firefighters as an applied pilot group (n=24), we examine whether the
tool can capture both route attribute tradeoffs and broader variation in spatial knowledge across
individuals and groups. Results indicate that route choice was shaped primarily by distance and
steep grades, suggesting that participants did not rely on shortest-path logic alone, but instead
weighed practical roadway characteristics when making routing decisions. The pilot also identified
meaningful variation across multiple spatial measures, indicating that SPaRKS can move beyond
isolated task performance to support the development of integrated spatial profiles. Taken together,
this preliminary study illustrates that SPaRKS is a viable framework for examining environmental
scale spatial knowledge in applied settings. More broadly, the paper demonstrates the value of
a multimodal approach for studying how spatial knowledge is organized and used across route
decisions, cognitive map tasks, and self-reported navigation tendencies.
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1 Introduction

Spatial abilities help us do everything from locating apps on our smartphones, to finding
our way around a new building or city. These fundamental cognitive tools include our
ability to find our way, understand perspective and scale, develop cognitive maps [12], and
estimate distances [8] (among others). As technology accessibility and computing power
increase, we have the opportunity to study these abilities in more detail than ever before.
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Much spatial cognition research has relied on controlled tasks and non-operational samples,
and often at figural or vista scale [19]. While laboratory settings provide important and
controlled empirical work on topics such as spatial orientation, perspective taking, and
navigation [13, 8, 23, 20], complementary field based approaches can help examine how
people perform these tasks in everyday contexts and at environmental scale [12, 5, 1].
However, capturing environmental spatial knowledge in applied settings can be problematic.
Nonetheless, measuring a variety of spatial abilities and wayfinding inclinations outside of the
laboratory, in real world settings, allows for environmental scale measurement and expands
our research participants to a larger group of individuals, since they are not required to attend
our laboratories. The purpose of this study is to develop and pilot a novel instrument for
extracting and analyzing the structure of cognitive spatial knowledge in field based settings.

While many tools exist to measure spatial ability in laboratory settings, few methods
capture the complexity of real-world navigation, environmental familiarity, and decision
making in a professional high-stakes setting. To overcome these challenges, a multipart
instrument was designed and deployed on tablet computers. The Spatial and Representational
Knowledge Survey (SPaRKS) utilizes a standard tablet with internet connectivity to capture
these data. The SPaRKS instrument measures spatial thinking through 3 main tasks: (1) a
pin-drop mapping exercise to elicit cognitive representations of spatial layouts; (2) a turn-
by-turn direction task to investigate participant spatial strategies; and (3) a discrete choice
task to assess the physical attributes that are given priority in route selection (e.g. selecting
routes based on if they contain steep gradients, have a tight turn radius, or are the shortest
distance). In addition to these tasks, the instrument also collects self-report data on sense of
direction, the value placed on navigation, GPS use, and demographics. Taken together these
tasks demonstrate how this integrated instrument can reveal spatial reasoning processes that
are often difficult to measure, especially in applied settings. To demonstrate the capability
of SPaRKS, a pilot study was conducted with firefighters in a municipal fire department in
Southern California.

2 Background

Studying environmental scale spatial cognition broadens our understanding beyond tradi-
tional research populations and includes those who make spatial decisions in high-stakes
environments, such as firefighters. Further, environmental scale spatial cognition helps us
connect laboratory findings to how spatial cognition is expressed in navigation relevant
environments. Studies of individual differences in navigation and spatial cognition reveal
that some people exhibit a stronger ability to develop knowledge of places than others [12, 2],
and that strategies for doing so also differ [7, 20].

Many real-world navigation problems occur at environmental scale, where decisions
happen in relation to routes, constraints, and local context. Environmental scale decisions,
like many spatial cognition processes, are influenced by both more objective spatial abilities
as well as more subjective spatial inclinations. Capturing objective spatial ability has been
done using a variety of instruments, the Money Road Map test [18], the Spatial Orientation
Test [10], Silcton [23], and Sea Hero Quest [21], among others.

Subjective measures of spatial cognition are also valuable in understanding spatial
behaviors and decision making. Individual self-assessment of sense of direction correlates
highly with objective spatial performance [9]. Frequent use of navigation systems has been
linked to weaker spatial performance, including lower self-reported sense of direction and
greater reliance on route-based strategies [11, 17]. Similarly, a recent meta-analysis found
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that GPS use was negatively correlated with both sense of direction and environmental
knowledge [17]. However, GPS use is dynamic and nuanced, some may use it for gathering
information, such as checking traffic, locating a nearby service, or planning a route, while
others may use it for turn-by-turn directions [22]. More research is needed to understand the
directional relationship of many of these constructs, nonetheless they provide insight into
how spatial decisions are executed.

Previous research has found that route decision making does not always result in taking
the shortest path [3], the clearly marked path, or the path with rich details [24], which
can lead to delays that are at best annoyances and at worst detrimental to life and health.
Refining our understanding of how route decisions are made in real-world contexts can help
emergency managers better plan evacuation routes, ease traffic congestion, defend pedestrian
safety, and allow emergency responders to plan responses more effectively.

3 Methods

SPaRKS is comprised of objective measurement tasks, subjective wayfinding inclination
questionnaires, and demographic data collection. Participants are presented with a customized
map of an environment that is familiar to them which contains building footprints without
names, streets but no street names, and at least 2 named landmarks to help them situate
the scale and layout of the map. Next, they are presented with an address and asked place
a digital map-pin onto the map where they think that address is located. Correctness is
determined by both context and a GIS calculated buffer zone. The address selection task
has 4 individual addresses, each presented one at a time.

Next, participants are presented with another set of addresses, one at a time, and asked
to write out how they would route to that address given a predetermined starting point. The
written directions portion contains 6 addresses. These written routes are transcribed onto
maps in a GIS and a similarity analysis is run. Further, the routes are also qualitatively
analyzed using content analysis [6] to explore how their spatial language is related to their
strategy and performance [14].

Finally, participants are presented with one screen that contains 3 maps panels, each
panel contains a different route between a single starting point and a destination. The maps
featured local streets and street names familiar to the participants but excluded details
such as traffic or topography. This design explicitly required participants to synthesize

the visual map prompt with their existing internal cognitive maps of the response district.

Participants are asked to choose which route they would take if they were trying to get to

the destination the fastest. Participants are presented with 6 total route-choice questions.

These data are compiled and analyzed following discrete choice analysis via multinomial logit
regression, with consideration of physical route characteristics (length of the route, number

of turns, and steepness of the road grade) as well as the source of the route (Figure 1).

Note that, firefighter navigation training in the United States is non-uniform; departments
predominantly rely on informal methods like map memorization, street-identification games,
and district driving [16]. Consequently, the map tasks used in this pilot study (pin-drop,
turn-by-turn description, and route selection) are not established methods for how firefighters
typically learn their response areas.

The routes and destinations used in SPaRKS were chosen to represent different levels
of difficulty. To achieve varying levels of difficulty, the Route Choice Scenario Builder was
developed in RStudio using the Shiny package [4] to assist with categorizing difficulty.
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Best Route: 2799 Lilac Drive

Figure 1 An example of one of the 3 maps panels presented to particpants for the route choice
questions.

SPaRKS also captures self-report measures of spatial cognition including the Santa
Barbara Sense of Direction scale (SBSOD) [9], value placed on navigation, and the GPS use
questionnaire [22]. Participants are also given a demographic questionnaire to capture their
age, gender, education level, and other applicable details.

4 Procedure

To assess the functionality of SPaRKS, it was pilot tested with a municipal fire department
in Southern California. A total of 24 male firefighters (average age 42 years) participated in
the study while on duty. SPaRKS was delivered on iPad tablets with internet connectivity
at their respective firehouses. The researcher introduced the topic, explained the procedure
and asked the participants to work alone on their survey. Participants were instructed to ask
questions if they were not clear on the procedure, and the researcher remained in the room
with the participants during data collection. At the end of each set of data collection, the
firefighters provided feedback on the survey and were given the opportunity to ask questions
about the project. They were instructed to not give any tips or other survey information to
the other firefighters that were not on shift at the present data collection visit. In total data
collection was completed over 5 visits to the firehouses.

5 Results

SPaRKS identified patterns in route selection that illustrate how participants prioritize route
characteristics such as grade, number of turns, and length, features that would be difficult
to capture through surveys alone. Each participant was presented with 6 destinations for
the route choice task, which was designed to elucidate spatial decision making and identify
preferable route attributes. The focus here is on the route-choice findings because they most
directly showcase SPaRKS ability to capture operational spatial decision making.
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Multinomial logit modeling on physical route characteristics identified that route length
and the presence of steep grades were significant predictors of route choice. For each 1-mile
increase in route length, the odds of that route being selected decreased by 65%, and if the
route contained a steep grade the odds of selecting it dropped by 94%. Number of turns
was not a statistically significant predictor (Table 1). Analysis of utility tradeoffs for how
distance influenced choice, specifically how much participants were willing to travel to reduce
the number of turns or avoid steep grades, found that on average, participants were willing
to add 2.69 miles onto their route if it avoided steep grades, while number of turns did not
reach significance. (Table 1).

Table 1 Route Attributes; multinomial logit model.

Predictor B Robust SE Odds Ratio 95% CI p
Distance (miles)  -1.05 0.32 0.35 [0.19, 0.66]  0.001
Number of Turns  0.10 0.10 1.10 [0.90, 1.34] 0.34
Steep grade -2.83 0.82 0.06 [0.01, 0.29] < .001

Note. B = coefficient; OR = odds ratio

Overall, these findings suggest that firefighters did not simply rely on shortest-path logic
when selecting routes. Instead, route choice reflected practical tradeoffs tied to roadway
suitability, with distance remaining important, but steep grades also shaping what routes
were seen as preferable. Although source was also related to route choice, these differences
appear to be driven primarily by the physical characteristics of the routes themselves.

SPaRKS was able to capture individual variation in cognitive map accuracy, route
selection, verbalized navigation strategies, GPS use, and the value individuals place on
navigation. Findings from this pilot test suggest that SPaRKS goes beyond isolated task
performance and provides data that can be compiled into an integrated spatial profile, offering
a way to capture multidimensional variation in spatial knowledge. An integrated spatial
profile shifts the focus away from a singular spatial knowledge type, or simply asking who is
a “good navigator,” and instead toward a more complete understanding of what kinds of
spatial knowledge and strategies are present within a person or group.

To explore the creation of an integrated spatial profile, performance was compared across
the components of SPaRKS [15]. Firefighters holding the rank of Engineer (driver/operator)
performed stronger than other ranks, particularly in the pin-dropping task and on the GPS
use questionnaire, while those with more experience also showed less pin-drop error, lower
GPS use, and stronger navigational value scores. Taken together, these findings suggest that
SPaRKS is sensitive not only to route decision making, but also to broader differences in
how spatial knowledge is organized and used across individuals.

6 Discussion

Within the fire service, these data offer immediate insights into who needs more training, assess
whether their current navigation training is effective, and isolates firefighters for promotion
into the engineer (driver/operator) position. During post data collection discussions with
the firefighters who participated in the pilot, many expressed interest to know how well they
performed across the tasks. Further, the department leadership requested aggregate data
to systematically rectify training deficiencies and refine processes. Beyond the scope of the
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fire service, SPaRKS could be a useful tool for other emergency responders such as police,
emergency medical providers, as well as search and rescue teams, where high-stakes and time
sensitive response is critical to the outcome.

SPaRKS also shows utility outside emergency responders, with application into the
evaluation of groups such as novice or elderly drivers, commercial delivery couriers, drone
pilots, or orienteering competitors. These groups could provide broader insight into the
development and decline of spatial abilities. Such research would clarify how specific
operational demands intersect with spatial cognition, whether managing the 2D-to-3D
perspective shifts required of drone operators, the race pressure experienced by competitive
athletes, or the temporal pressures faced by emergency responder professionals trained to
handle time-sensitive and high-stakes responses.

This study provides evidence that SPaRKS can extend and complement laboratory based
spatial cognition research toward a more applied understanding of how people know, reason
through, and move across real environments. Future work should utilize more participants,
and include a more heterogeneous sample with regards to age, gender, and profession.

7 Conclusion

This preliminary study illustrates that SPaRKS is a useful tool for capturing field based
spatial cognition across a variety of tasks. Rather than isolating spatial knowledge through a
single task, SPaRKS was able to capture variation in cognitive map accuracy, route decision
making, verbalized navigation strategies, GPS use, and navigational value. Importantly,
these patterns were not random; they varied in meaningful ways with familiarity, experience,
and operational role, suggesting that SPaRKS is sensitive to real-world differences in how
spatial knowledge is organized and used. The route choice findings further indicate that field
based approaches can capture spatial decision making in context, including the tradeoffs
individuals make between distance, roadway characteristics, and operational suitability.

Overall, this pilot study provides initial evidence that SPaRKS is a viable framework for
exploring environmental scale spatial cognition in applied settings. By integrating multiple
forms of spatial data, SPaRKS offers a way to connect controlled spatial cognition research
to the applied context in which navigation and route decisions unfold.
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