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Abstract

Navigation is a complex task that depends on the processes of perception, learning, 
memory, and reasoning to be successful. Given this complexity, it is not surprising that 
humans (and other species) vary dramatically in their approach and success at naviga-
tion. This wide range of abilities has been of great interest to the field of human spatial 
cognition. In addition, spatial navigation is a cross-species phenomenon that can speak 
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to a variety of learning and memory processes. Therefore, understanding individual dif-
ferences in this domain can offer a wide range of insights that affect many behaviors in 
the real world. A cognitive framework that gives precedent to the flexible use of spatial 
information and explicit or declarative learning processes has driven much of the work 
on individual differences in navigation in humans. However, animal models of basic 
learning mechanisms may also offer substantial insight into individual differences in 
both how well people navigate their surroundings and in the strategies or styles that 
they bring to bear on the navigational problems. This mechanistic approach may offer 
a stronger foundation for not only how individual differences might emerge but also 
how they interact with differences in the environments and goals that drive our need 
to learn, remember, and navigate in the world.

1.   INTRODUCTION

 Whether considering how ancestral humans learned to hunt for food 
and shelter in the wilderness or the more mundane issues of how you got 
to work today, there is little question that navigation is an important aspect 
of the human experience. Many of our everyday tasks—finding the car in a 
parking lot, getting to the checkout line at the grocery store—involve spa-
tial navigation. As humans, we accomplish this navigation in various ways, 
and everyone has an opinion about his or her own navigational abilities. 
Ask any random group of people, and you will get answers ranging from 
“I am great with directions” to “I get lost all the time”. This massive range 
of individual differences in perceived spatial prowess can also be seen in 
behavior. Most people can identify those friends or family members who 
they prefer to ride with on trips or those who give good or bad direc-
tions. We also know people who are dependent on their Global Positioning 
 System (GPS) units for even the most basic of travel tasks. This variability 
in navigational ability likely reflects the fact that navigation is a complex 
task that requires individuals to encode the immediate surroundings, inter-
rogate memory (working memory and/or long-term memory), determine 
how to proceed, and execute the relevant movements through space. As 
such, understanding individual differences in navigation requires a com-
prehensive approach to understanding how individuals might differ in the 
way they learn and remember information about the spatial organization of 
their environments.

Individual differences in spatial learning and navigation have enjoyed a 
long history in the literature. Here, we review that literature in light of the 
extensive work on nonhuman animal models of spatial learning mecha-
nisms. In particular, we explore how using these learning mechanisms to 
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ground individual differences in human spatial learning and navigation 
might offer a framework for understanding how the wide range of differ-
ences emerge. In addition, navigational tasks have been used to understand 
more general processes of learning and memory in human and nonhuman 
animals (for brief review, see Bird & Burgess, 2008). In humans, much of 
the focus has been on the role of explicit or declarative kinds of processes, 
consistent with the description of navigation as a cognitively demand-
ing task of perceiving, planning, and executing. By couching learning and 
navigational differences in basic learning mechanisms, we can more readily 
investigate the contributions of other implicit or habit-based mechanisms 
to complex behaviors. Moreover, this will allow extension to other sources 
of variability such as aging and hormones. Taken together with the extant 
literature, this framework has substantial potential to enrich a wide range 
of domains.

The following sections provide a context for thinking about individual 
differences in spatial learning and navigation beginning with ideas about 
what it means to measure navigational ability. Subsequent sections describe 
the dominant framework for thinking about individual differences in strate-
gies and elaborate on a neurobiological framework coming out of rodent 
learning that might offer a broader and more comprehensive approach. The 
final sections highlight the advantages of this new framework for under-
standing many sources of variability.

2.   WHAT DOES IT MEAN TO MEASURE SPATIAL 
LEARNING AND NAVIGATIONAL ABILITY?

 Despite the remarkable variability in reports of navigational ability, 
humans (and other animals) are quite successful on the daily task of navigat-
ing. That is, few of us fail to reach our office or make it home from the gro-
cery store. What, then, characterizes individual differences in this ability? In 
this section, we discuss the two broad facets of performance that comprise 
individual differences, success rate and strategies/style.

2.1.   Differences in Navigational Success Rates
The first dimension on which we tend to classify people is on the dimen-
sion of success—or good/bad navigation ability. Interestingly, when we 
consider whether people are good or bad navigators, we often empha-
size how well they perform when faced with a new learning or a novel 
navigational situation. For example, if we are traveling with friends and 
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want to figure out how to get to a new restaurant, we often appeal to 
the person or people in the group who we think will be most likely to 
find this new location. Similarly, we consider who is going to be best at 
giving directions. This anecdotal emphasis on these novel or flexible uses 
of spatial information suggests that good/bad navigators may actually be 
good/bad explorers.

This emphasis on new learning and flexibility carries through to empiri-
cal work on individual differences in navigational abilities. In most experi-
mental studies of spatial memory and navigation, participants learn novel 
environments (for exceptions, see Marchette, Yerramsetti, Burns, & Shelton, 
2011; Yerramsetti, Marchette, & Shelton, 2012). Individual differences are 
largely characterized in terms of differences in accuracy and success rate at 
navigation to make inferences about the quality of spatial learning and the 
factors associated with those abilities (e.g. Allen, Kirasic, Dobson, Long, & 
Beck, 1996; Fields & Shelton, 2006; Ishikawa & Montello, 2006). In many 
cases, the assessment emphasizes the explicit knowledge of spatial relation-
ships. For example, Ishikawa and Montello (2006) used a test of straight-
line distances to assess how well people learned under various conditions. 
Similarly, Fields and Shelton used judgments of relative direction after dif-
ferent encoding conditions. In both these cases, the measure of learning/
navigation was how accurately people judged the distances or directions. 
Critically, these tests require that a person understand the global structure 
and use the space flexibly. This emphasis on flexibility in learning is also 
reflected in the Santa Barbara Sense of Direction questionnaire (SBSOD; 
Hegarty, Richardson, Montello, Lovelace, & Subbiah, 2002), one of the most 
commonly used measures of spatial navigational ability. In this self-report 
measure, participants report on their general ability and comfort level with 
different kinds of spatial scenarios. Like many of the measures, the SBSOD 
emphasizes the ability to use spatial information flexibly, marking flexibility 
in perceptual and cognitive processing as a primary factor in navigational 
success (see Wolbers & Hegarty, 2010).

2.2.   Differences in Strategies/Styles: Landmark– 
Route–Survey Framework
Whether couched in terms of successful navigation or successful explora-
tion, success rate is not the only dimension along which humans differ in 
navigation. There is also substantial anecdotal and self-report data to sup-
port the claim that humans differ dramatically in the way they successfully 
navigate. For example, imagine asking a room full of healthy adults how 
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they navigate to work each day. Some individuals will report using the 
same set route over and over again, whereas others will report navigat-
ing by just keeping a desired direction in mind. Still others might report 
changing their route as a function of time of day, observed patterns of 
traffic, or even weather conditions. Any comprehensive understanding of 
individual differences will require an appreciation of these different styles 
or strategies for navigating and how those different approaches might be 
more or less effective for different individuals and under different naviga-
tional conditions.

Like success rate, navigational styles and strategies have a history in the 
research literature. A common framework for thinking about such indi-
vidual differences has stemmed from ideas about the progression of knowl-
edge (Siegel & White, 1975). In this popular framework, one first learns the 
landmarks in an environment. Landmarks are defined as features or objects 
that can demarcate locations or directions. As landmarks become linked, 
one develops route knowledge, which is generally defined as the knowledge 
of a set of ordered paths. Finally, this information begins to form a repre-
sentation of the global context as survey knowledge, generally defined as 
knowledge of the organization of locations in a more global framework. In 
its strongest instantiation, this framework suggests that learning an environ-
ment goes through each of these stages, each building upon the previously 
acquired knowledge, with survey knowledge as the ultimate representation 
of an environment.

The landmark–route–survey framework has influenced the direction of 
a wide range of studies in spatial cognition, including approaches to indi-
vidual differences. For example, one tool used to assess spatial navigational 
strategies is the Questionnaire on Spatial Representation (QSR; Pazzaglia & 
De Beni, 2001). In this self-report survey, questions are directed at assessing 
the degree to which people use different types of information, and scoring 
allows assessment of landmark use, route-based strategies, and survey-based 
strategies. Similar efforts to classify navigational behaviors have taken a simi-
lar approach, with a strong emphasis on the route-based and survey-based 
distinctions (e.g. Lawton, 1994, 1996).

2.3.   Challenges to the Landmark–Route–Survey Framework
This classification scheme has been useful in advancing the ideas that navi-
gational ability includes both success rate and strategic differences, but 
grounding individual differences in a stage-based theory promotes the idea 
that some forms of knowledge or types of strategies are inherently better 
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than others. Most notably, this framework has given top status to survey 
knowledge or the use of spatial information in a flexible manner based on 
knowledge of the global organization. This is reflected in many empirical 
studies that assess ability based on flexibility and use of detours. However, 
there are important counterpoints to consider when considering how to 
classify navigational style and its relationship to ability.

The first counterpoint is the evidence challenging the successive nature 
of the stages of knowledge. Although there is little doubt that the distinc-
tion between route-based and survey-based information is important to 
understanding the kinds of strategies people use and the cues that might 
be involved in spatial learning, it is not clear that the progression from one 
type of knowledge to another is a critical feature (e.g. Ishikawa & Montello, 
2006; Taylor, Naylor, & Chechile, 1999). For example, Taylor, Naylor, and 
Chechile gave people specific goals that emphasized the need for either 
route-based knowledge or survey-based knowledge. They then gave tests 
that tapped each type of knowledge. By the stage theory, individuals who 
show survey-based knowledge should also have the route-based knowl-
edge from which the survey knowledge was built. By contrast, their results 
showed that the specific goals drove the type of representation such that 
people who developed survey-based representations did not necessarily 
develop the route-based representations as well. This suggests that different 
types of representations can be built up somewhat independently (or at least 
without a strict dependence on each other’s presence).

Second, the sense that survey-based strategies convey a clear advantage 
over other strategies does not account for the potential interaction between 
the navigational situation and strategies. Emerging frameworks have started 
to acknowledge that the success of navigational wayfinding likely depends 
on the combination of strategies (e.g. Ishikawa & Montello, 2006) and/or 
the interplay of skills or strategies and the specific environment or naviga-
tional challenges (e.g. Carlson, Hölscher, Shipley, & Dalton, 2010;  Wolbers 
& Hegarty, 2010). For example, Carlson et al. put forth a conceptual frame-
work for indoor navigation where navigational success depends on the 
combination of the building features, the cognitive representation of the 
space that has been formed, and the strategies and skills that are brought 
to bear. The latter distinction between the mental representation and the 
strategies and skills suggests that there is not a one-to-one link between 
a particular navigational strategy and the underlying representation. This 
opens the door for thinking about strategies (or styles of navigation) as a 
more flexible tool that interacts with the information that is represented.
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Finally, both anecdotal and empirical evidence suggests that the route-
based and survey-based dichotomy (or landmark–route–survey trichotomy) 
may be insufficient to account for the variety of behaviors people actually 
utilize in navigation. There have been recent proposals for additional cat-
egories of processing such as “graph knowledge” (for review, see Chrastil, 
2012). However, even within a category, there may be additional distinc-
tions that need to be considered (e.g. Allen et al., 1996; Chan, Baumann, 
Bellgrove, & Mattingly, 2012; Waller & Lippa, 2007). For example, Allen 
et al. tested environmental learning with tasks that tapped both the for-
ward and the backward sequences of the routes. Participants could vary in 
both of these depending on the degree to which they had strong explicit 
knowledge of the route or more associative knowledge of the sequence in 
a stimulus–response fashion. Similarly, people who report using landmarks 
could be using them as cues to a specific action (e.g. turn left at the church) 
or simply as beacons detached from the specific action required (e.g. look 
for the church and head in that direction). These two cases would likely 
result in similar classification as some combination of landmark and route-
based strategies, but they are serving different purposes and require differ-
ent levels of explicit knowledge in the act of navigating. Waller and Lippa 
demonstrated how differences in performance depended on which way 
the landmarks were used, suggesting that these distinctions may be impor-
tant for understanding what people can or cannot do. This represents just 
one case where the landmark–route–survey framework may be incomplete. 
Once we break away from this framework, the potential to identify and 
characterize these additional navigational strategies will enhance our appre-
ciation for individual differences.

3.   DUAL SYSTEMS FOR SPATIAL LEARNING IN 
RODENTS

 One framework that has been emerging as a major candidate for 
explaining aspects of human navigational behavior is based on the dual-
system model in rodents. This model stems from several decades of work 
on the learning mechanisms or systems used by rodents to learn an envi-
ronment. In the basic navigational paradigm, rodents are placed in a sim-
ple cross maze with one arm blocked (i.e. dual-solution T-maze; Figure 
6.1(A)). The rat is placed in the same start arm relative to both the envi-
ronment and the location of a food reward over many trials.  After learning, 
the rat is given a probe trial on which the start location is rotated with 
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respect to the cues in the larger environment (Figure 6.1(B)). On probe 
trials, rats can exhibit one of two behaviors. If the rat turns down the arm 
that is the same location as the reward relative to the cues in the environ-
ment (right turn in Figure 6.1(B)), this is taken as evidence of place learning. 
Alternatively, if the rat makes the same physical turn as during the learn-
ing phase (left turn in Figure 6.1(B)), this is taken as evidence of response 
learning. This distinction is intended to reflect the fact that during repeated 
learning in a stable environment, the rat has the potential to learn the loca-
tion in (at least two ways), relative to the environmental cues or as a series 
of required responses (e.g. Restle, 1957; Tolman, 1948; Tolman, Ritchie, & 
Kalish, 1947).

Place and response learning have been distinguished in the rodent based 
on a number of different properties in both the dual-solution T-maze and 
other preparations. For example, place learning tends to emerge earlier in 
learning before sufficient repetition has occurred to establish the response 
(e.g. Packard & McGaugh, 1996). Similarly, conditions that require place 
learning tend to be more rapidly learned than conditions that require 
response learning (e.g. Ritchie, Aeschlimm, & Pierce, 1950;  Tolman, Ritchie, 
& Kalish, 1946). Place learning has also been viewed as more cognitively  
demanding than response learning as rats placed under conditions of 
distraction or stressors tend to show more response-learning behaviors  
(e.g. Elliot & Packard, 2008; Schwabe, Schächinger, de Kloe, & Oitzl, 2010).

Figure 6.1 Diagram of the dual-solution T-maze used to explore place and response 
learning in rodents (e.g. Packard & McGaugh, 1996; Restle, 1957; Tolman et al., 1947). (A) 
Encoding environment with stable cues and path; (B) probe trial from novel start arm. 
Shapes represent cues visible in the surrounding environment. (For color version of this 
figure, the reader is referred to the online version of this book.)
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In addition to behavioral differences, these two learning mechanisms 
have been associated with different underlying brain systems in the rat. 
Using temporary deactivation of brain regions via lidocaine injection, Packard 
and McGaugh (1996) had rats learning a T-maze preparation over time. 
In different groups of rats, they temporarily deactivated either the caudate 
nucleus or the hippocampus. These deactivations had both temporally and 
behaviorally specific results. In control rats (saline administration), place-
learning behavior (using the environmental cues) was observed in earlier 
training blocks and response-learning behavior (engaging the same left or 
right turn) became more prevalent in later training blocks. This pattern was 
unaffected by the site or timing of saline injection. By contrast, lidocaine 
injections to the hippocampus had pronounced effects on performance 
early in training with a reduction in place-learning behaviors, whereas lido-
caine injections to the caudate nucleus affected later performance with a 
reduction in response-learning behaviors. This and subsequent work has 
established the hippocampus and caudate nucleus as markers for the place- 
and response-learning systems, respectively, in the rodent brain.

Notably, the results not only supported the use of two systems but also 
suggested that they are simultaneously acquired. In particular, rats that 
received lidocaine injections to the caudate late in learning not only showed 
a reduction in their ability to manifest response-learning behaviors but also 
shifted to place-learning behaviors. This unveiling of place-learning behav-
ior suggests that those animals had the necessary place-learned knowledge 
to compensate when the response-learning system was deactivated. That is, 
although their typical behavior was the expression of response learning, the 
capacity to show the place-learning behavior was intact. There was no sym-
metrical boost in response-learning behavior during early inactivation of 
the hippocampus because there had presumably been insufficient repetition 
to acquire the response. Taken together with the behavioral characteriza-
tion, this work offers both behavioral and neurobiological markers of place 
and response learning that can be useful for thinking about how humans 
develop their capacity to remember and navigate in the world.

An added advantage to incorporating nonhuman animal models is the 
potential to address a wider range of factors. The dual-system model has been 
used to investigate the influences of hormones, neurotransmitter systems, and 
aging on rodent learning and memory. Ultimately, the use of this framework 
as a foundation for individual differences will invite these critical extensions 
as well. We return to these ideas in the latter sections. First, we consider how 
place and response learning have been characterized in humans.
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4.   PLACE AND RESPONSE LEARNING IN HUMANS

 The growing popularity of both desktop and immersive virtual real-
ity has broadened the range of tools and types of questions about spatial 
learning and navigation that can be addressed in humans. One important 
consequence of these new tools has been the motivation to adapt rodent 
paradigms for use in humans. Although this adaptation comes with a variety 
of challenges (Box 6.1), there have been variations on most of the stan-
dard paradigms. Studies using variations on the virtual water maze (e.g. 
Cornwell, Johnson, Holroyd, Carver, & Grillon, 2008; Hamilton, Driscoll, 
& Sutherland, 2002; Newman & Kraszniak, 2000) and the virtual radial 
arm maze (Bohbot, Iaria, & Petrides, 2004; Iaria, Petrides, Dagher, Pike, &  
Bohbot, 2003) employ close approximations of the rodent preparations, 
whereas other more ecological tasks such as virtual towns (e.g. Hartley, 
Maguire, Spiers, & Burgess, 2003), mazes (e.g. Brown, Ross, Tobyne, & Stern, 
2012), and dual-solution mazes (e.g. Marchette, Bakker, & Shelton, 2011) 
offer more conceptual adaptations. Together, these tools have begun to offer 
both general distinctions in human navigational behavior and insights into 
the potential mechanisms of individual differences.

4.1.   Virtual Water Maze
The Morris water maze (MWM; Morris, 1981, 1984) is a circular pool of 
cloudy water with a hidden platform at a goal location (Figure 6.2). Rats 
are placed in the maze and must swim to the platform. Early in learning, 
rats must explore the environment to locate the platform, but most animals 
become quite adept at finding the platform. Manipulations of the environ-
ment have demonstrated that rats tend to use stable environmental cues 
to guide navigation (place learning), and performance on the mnemonic 
aspects of this task breaks down with damage to the hippocampus (e.g.  
Morris, 1984; Morris, Garrud, Rawlins, & O’Keefe, 1982; Stewart & Morris, 
1993). As such, the MWM has been used in a variety of rodent studies as a 
classic test of spatial memory associated with the hippocampal place-learning 
system.

Variations of the MWM for humans (Cornwell et al., 2008; Driscoll, 
Hamilton, Yeo, Brooks, & Sutherland, 2005; Hamilton et al., 2002;  
Newman & Kaszniak, 2000; Skelton, Ross, Nerad, & Livingstone, 2006) typ-
ically involve placing individuals inside a virtual drum or multisided room  
(for an actual physical hidden sensor version, see Bohbot et al., 1998). As in the 
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Box 6.1 Challenges to Adapting Rodent Paradigms  
for Humans
One key to making connections between human navigation and the dual-system 
model of place and response learning in rodents has been the adaptation of the 
rodent paradigms for use in humans. This adaptation brings with it some obvious 
and not-so-obvious challenges. Here, we summarize some of those challenges and 
the key questions that one might need to address in developing new paradigms.

Scalability
Virtual reality has made it easy to create environments of nearly any size and shape, 
but one can ask whether a physically scalable environment is still appropriate for 
asking the same questions in humans. The virtual radial arm maze (e.g. Bohbot et al., 
2004; Iaria et al., 2003) may represent the most direct analog to a rodent paradigm 
in terms of scalability because both the human versions can essentially replicate the 
physical structure of the rodent mazes. The virtual variants on the MWM for humans 
(Cornwell et al., 2008; Hamilton et al., 2002; Newman & Kaszniak, 2000; Skelton et al., 
2006) are often similar in structure to the rodent paradigm, in that they tend to 
use circular (or multisided) drums scaled up for humans; however, humans are not 
dropped into murky water to hide the locations and instead navigate in "dry" ver-
sions, which may have additional implications for other factors noted below.

In contrast to the radial arm maze and MWM, some rodent paradigms are phys-
ically scalable in virtual space but likely operate very differently for humans. For 
example, the dual-solution T-maze has been a long-standing tool for eliciting place- 
and response-learned behaviors in rodents (e.g. Packard & McGaugh, 1996; Restle, 
1957; Tolman, 1948), but they are not particularly useful in (adult) humans because 
humans reduce them to single-trial learning. In pilot work, healthy adult humans 
very quickly learned that they had two things to remember and often asked after 
just one training trial whether they were supposed to just make a specific turn or go 
toward a specific arm in the room. As such, these mazes did not offer us the same 
window into place and response systems in humans that they did in rodents.

Motivation
A second important issue is to consider whether the motivation for navigation 
matters. For example, when a rat is dropped into the MWM, it is arguably swim-
ming for survival, whereas a human placed in a virtual water maze has little or 
no threat to survival if he/she decides to stand still. At worst, the human par-
ticipant faces boredom (or perhaps reduced compensation in incentive-based 
paradigms), and it would be unethical to introduce truly comparable manipu-
lations. The cases that use reward in rodents may allow for more comparable 
motivational states if "getting out", and/or monetary compensation in humans is 
sufficiently rewarding. However, given that navigation and memory systems are 
affected by such things as stress (e.g. Kim & Yoon, 1998), it is important to at least 
consider how the motivational factors contribute.

(Continued)
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rodent MWM, there is a predefined goal location that is typically hidden 
from view (or shares the same visual features as other items in the envi-
ronment). Humans are given repeated opportunities to learn the location 
of the hidden goal using the information in and around the virtual maze. 
Much of this work has shown that, as in rodents, performance depends on 
the integrity of the hippocampus and surrounding medial temporal lobe  
(e.g. Astur, Taylor, Mamelak, Philpott, & Sutherland, 2002; Bohbot et al., 
1998), supporting the parallel between the rodent and human work.

Comparable Ecological Validity
Finally, it is useful to consider whether the ecological validity is similar across 
species. For both rats and humans, the water maze-type tasks may be equally 
unusual navigational situations, but what about T-mazes and radial arm mazes? 
Rats outside the lab tend to gravitate to tight places—underground, in walls and 
foundations, etc., whereas humans largely evolved in larger open spaces and 
have extensive experience in highly structure buildings and rich developed envi-
ronments. One could imagine that something like the radial arm maze is more 
“natural” for rats than for humans. Critically, the ecological validity in general is 
important for making claims about real-world navigational ability, but it is equally 
important to make sure that the ecological validity is at least comparable in the 
rodents and humans if the goal is to allow for cross-species insights. Although 
this is not evidence based, it represents an issue worth considering when adapt-
ing paradigms across species and understanding the limitations of their interpre-
tation. Given these challenges, paradigm development should begin with careful 
consideration of what conceptual elements one is trying to capture to offer the 
strongest analogs between humans and rodents. For example, when creating an 
analog to the dual-solution T-maze (see Marchette, Bakker, et al., 2011), it became 
abundantly clear that we needed an alternative environment, and we considered 
what elements of the paradigm were critical. We identified several, including 
(1) encoding conditions had to afford learning a stable environment and learn-
ing a repeated behavior; (2) retrieval had to offer a way of distinguishing which 
sources of learning was driving behavior; and (3) the retrieval had to be suffi-
ciently ambiguous so that individuals would be free to use either behavior. We 
then considered additional elements such as whether to use incentives for suc-
cessful completions, whether to impose stressors or time limits, or whether the 
stability of the environment had to be based solely on extra-maze distal cues. The 
intended result was a paradigm that looked very different on the surface but (we 
hope) shared a deeper conceptual structure with its rodent analog. Moreover, 
this careful analysis also offered a large number of potential manipulations that 
could be useful directions for future research.

Box 6.1 Challenges to Adapting Rodent Paradigms  
for Humans—(cont’d)
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4.2.   Human Radial Arm Mazes
Radial arm mazes in rodents (e.g. Olton, Collison, & Werz, 1977) require 
rats to explore a series of visually identical arms arranged in around a central 
start location (Figure 6.3). In the simplest version, each arm is baited with 
a reward, and the rat is required to remember which arms he has visited. 
Returning to a previously visited arm is recorded as an error, and one can 
infer how the rat is using various cues based on the pattern of navigation 
and errors. The human virtual radial arm maze has been used in healthy 
controls and patients with medial temporal lobe damage to investigate dif-
ferences between the use of “spatial” strategies that depended on flexible 
understanding of the spatial relations akin to place learning and “nonspatial” 
strategies that depend on more associative behavioral responses (e.g. Bohbot 
et al., 2004; Iaria et al., 2003). Iaria et al. observed that healthy individuals 
were evenly split on their spontaneous use of the spatial (place-like) and 
nonspatial (response-like) strategies early in the experiment. Over time, 
many of those who began with a spatial strategy shifted to the nonspatial 
strategy after many repetitions. Bohbot et al. used this same preparation to 
demonstrate that activation in the hippocampus and caudate was associated 
with the spatial and nonspatial strategies, respectively, suggesting that the 
putative place and response systems were supporting the different strategies, 
in a manner consistent with what has been observed in rats.

Figure 6.2 Diagram of a typical water maze preparation (e.g. Morris, 1981). Shapes rep-
resent cues visible in the surrounding environment or on the walls of the drum. The 
platform is not visible to the animal during testing. (For color version of this figure, the 
reader is referred to the online version of this book.)
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4.3.   Ecological Paradigms
An alternative to using paradigms identical to those used in rats has been 
to develop paradigms for humans that capture the critical features of the 
rodent paradigms in tasks more suited to human spatial learning and navi-
gation. These tasks offer ecologically grounded tasks and environments but 
also include elements that mirror or approximate the features of rodent 
paradigms known to evoke the place/response distinction.

Maguire and colleagues have examined both real and virtual navigation 
ability (e.g. Hartley et al. 2003; Maguire, Frith, Burgess, Donnett, & O’Keefe, 
1998; Spiers & Maguire, 2007). Maguire et al. showed that activation in the 
right hippocampus was associated with learning and flexibly navigating in 
a virtual environment, consistent with building up and utilizing a place-
learned representation (see also Shelton & Gabrieli, 2002, 2004). Con-
versely, the degree to which participants demonstrated rapid travel through 
the environment was associated with activation in the right caudate nucleus. 
Similarly, Hartley et al. varied the type of learning task and observed a simi-
lar distinction. Activation in the hippocampus and caudate was more closely 
associated with exploratory wayfinding and route following, respectively. 

Figure 6.3 Diagram of a typical eight-arm radial arm maze, similar to those used in rats 
(e.g. Olton et al., 1977) and humans (e.g. Bohbot et al., 2004; Iaria et al., 2003). Shapes 
represent cues visible in the surrounding environment. (For color version of this figure, 
the reader is referred to the online version of this book.)
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Exploratory wayfinding offers more flexible exploration, promoting place-
like learning, whereas route following offers the repetition required for 
response-like learning. Activation in these regions was also associated with 
measures of performance on the respective tasks, suggesting that they might 
support individual difference in strategies.

More recently, we have introduced the dual-solution paradigm for 
humans (DSP; Marchette, Bakker, et al., 2011) as a human analog to the 
dual-solution T-maze. In this paradigm, participants learn the locations of 12 
objects in a virtual maze by viewing the same circuitous path through the 
environment repeatedly. The path is constructed such that one experiences 
the entire environment (all possible pathways are visible at some point in the 
path), but the direct experience also allows learning a single specific path. As 
such, this is an environment that should allow both place-like and response-
like learning of the locations (Figure 6.4). At test, participants are placed 
along the learned path and asked to navigate to a given target. On any given 
trial, the participant is free to use whatever path he/she prefers; on critical 
trials, there is always a novel path that is shorter than the familiar learned 
path. If people are trying to navigate efficiently, as they are instructed to do, 
then they should opt for shortcuts if they are able to recognize them. That is, 
when there are two solutions available, they should arguably take the shorter 
option. The primary behavioral measure is the propensity to use either the 
shortcut or the familiar path (i.e. solution index).

Figure 6.4 The human DSP: (A) schematic of an environment showing the familiar path 
learned during encoding and locations of the 12 target objects. (Adapted from Figure 1 
of Marchette, Bakker, et al. (2011)). (B) Image of the actual environment as seen by par-
ticipants during initial encoding and subsequent navigation. (For color version of this 
figure, the reader is referred to the online version of this book.)
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The DSP has been useful in characterizing individual differences 
because the solution index has revealed substantial variability (Figure 6.5; 
Marchette, Bakker, et al., 2011) and appears to have good stability in the 
basic paradigm (Furman, Marchette, & Shelton, 2013). More importantly, 
people are not strictly using one type of solution or the other. Instead, par-
ticipants fall along a continuum of performance from people who always 
use familiar paths to people who always use shortcuts when available, with 
many individuals using a mixture of both familiar paths and novel short-
cuts. In addition, brain activation in the markers for the putative place 
and response systems is associated with the solution index. In Marchette, 
Bakker, and Shelton, 20 participants learned the DSP environment during 
functional magnetic resonance imaging (fMRI) scanning and then per-
formed the subsequent retrieval. Brain activation in the hippocampus and 
caudate nucleus was measured, and a normed ratio of activation was cal-
culated. This normed ratio of activation during encoding was significantly 
correlated with the subsequent solution index (Figure 6.6), indicating that 
the balance of these systems during encoding predicts how one chooses to 
interrogate and utilize the memory during navigation. This predictive value 
of encoding activation suggests that the interplay of these two systems may 
offer important clues to why individual differ in their preferred solutions 
to navigational challenges.

Figure 6.5 Histogram of individual differences in the solution index in the DSP. (Adapted 
from Marchette, Bakker, et al. (2011), Figure 2). (For color version of this figure, the reader 
is referred to the online version of this book.)
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Taken together, these human analogs to rodent studies provide a clear 
case both for the existence of place-like and response-like mechanisms and 
for individual differences in the engagement of these systems. In the follow-
ing section, we take this a step further to consider how framing individual 
differences in terms of the contributions of these well-described learn-
ing mechanisms might strengthen the current framework and offer novel 
insights into both the existence and the emergence of different strategies 
and styles both within and across individuals.

5.   THE PLACE/RESPONSE FRAMEWORK FOR 
INDIVIDUAL DIFFERENCES

 Given the wealth of evidence for a distinction akin to place and 
response learning in humans, it seems plausible that this framework could 
be considered in parallel with the classic landmark–route–survey framework 
that has dominated the literature on individual differences in navigational 
strategies/styles. In this section, we describe how this framework might be 
utilized and what questions still need to be addressed to fully appreciate 
a new classification scheme that begins with underlying mechanisms and 
builds up to how people talk about their own navigational strategies in their 
daily lives.

Figure 6.6 Regions of interest analysis for linking brain activation during encoding to 
navigational solutions. Left panel shows the regions identified in an overall contrast of 
learning to control. Right panel shows the correlation between the normed ratio of acti-
vation in these regions and the subsequent solution index that was observed. (Adapted 
from Marchette, Bakker, et al. (2011), Figure 4). (For color version of this figure, the reader 
is referred to the online version of this book.)
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5.1.   Balance of Systems as the Foundation for Individual 
Differences
At the core of this framework is the idea that any given individual has 
both place-like and response-like learning mechanisms available and that 
these mechanisms underlie most, if not all, human spatial learning. How-
ever, even at this mechanistic level, individuals differ in the engagement 
of these systems during spatial learning. This framework proposes that it 
is these low-level differences that lay the foundation for the wide-ranging 
variability in navigational success and strategy across individuals. The clas-
sic landmark–route–survey framework and the associated measures start at 
the end state of what people have learned or prefer to learn and at least 
implicitly assumes that this classification will generalize to a broad range of 
navigational challenges. By incorporating a place/response framework, we 
can begin to address what motivates an individual to report or express a 
certain end-state strategy. That is, preferences and strategies emerge as skills 
and experiences that are built upon differences in the bias associated with 
the relative engagement of the place and response systems. Those experi-
ences and skills will then feed back on the place and response systems to 
either maintain or shift that relative engagement, allowing both stabilization 
of preferences and the potential for developing a range of strategies.

The framework does not posit a one-to-one mapping from place and 
response to specific strategies (e.g. place = survey) but rather offers a more 
basic level of analysis for thinking about how strategies and preferences 
emerge. Place learning, as described above, has been associated with terms 
like cognitive map and explicit learning of space. It is generally defined as 
developing a mental representation of locations with respect to the struc-
ture and cues in the environment such that it allows flexible interrogation 
and inferences about the space. Arguably, most people exhibit some form 
of this type of learning (although many people would claim otherwise), 
and this is consistent with the extensive observation of activation in the 
“navigation network” in the brain (e.g. Maguire et al., 1998; Marchette, 
Bakker, et al., 2011; Shelton & Gabrieli, 2002). However, stronger engage-
ment of this system likely offers access to more survey-like strategies (e.g. 
Chocolatea is north of campus) as well as more explicit uses of route 
information (e.g. the Starbuck’s is coming up on the right). That is, it is the 
system that allows one to learn and represent relationships among loca-
tions. By contrast, response learning has largely been defined in terms of 
habits or triggers for specific actions in space. A system that offers ready 
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access to associated actions would be well suited for serving route-based 
strategies either by priming particular reactions at decision points in the 
environment or in coordination with place learning to support more 
explicit routes.

An important difference between this framework and the more classic 
classification is the ability to consider how different strategies and prefer-
ences might have different profiles of advantages and disadvantages rather 
than whether those strategies are generally good or bad. When making 
broad classifications, the interaction of ones classification and the context of 
navigation is largely limited to whether one is likely to be successful or not 
given the conditions. For example, an individual classified as a route learner 
will be expected to succeed or fail as a function of whether the environ-
ment affords learning clear paths that can be recreated later. However, if 
individual differences emerge from biases in lower level learning mecha-
nisms, we can begin to consider what different strategies might bring to any 
given navigational situation. An additional consequence of this framework 
is that it affords thinking about a given individuals range of available strategies 
and how that range might interact with the specific environment or con-
text. These advantages are elaborated in the following sections.

5.2.   Classification vs Predicting Solutions
Although one important goal in studying individual differences is to offer 
clear classification, as noted above, any general classification of navigational 
strategy has the potential to ignore the role of strategy shifts in response to 
changing navigational challenges. One advantage of the learning mecha-
nisms framework is that it does not reduce individual differences to single 
categories but offers ideas about how having different biases might alter 
the set of available solutions and affect an individual’s ability to select from 
within that set. When measuring strategies and solutions with the DSP, we 
find that most participants varied not in whether they used shortcuts or 
familiar paths but in how often they used each solution (Marchette, Bakker, 
et al., 2011). This variability in degree of use suggests that an important part 
of characterizing individual differences needs to address when and why a 
given individual might select one solution in one case and a different solu-
tion in another case.

By considering learning mechanisms, we can characterize individuals 
according to their bias toward place- or response-learning mechanisms as 
a starting point for developing strategies and predicting which solution(s) 
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might be employed. For example, if an individual shows a strong caudate/
response-learning bias (in brain activation and/or in tendency to use familiar 
paths), he/she may be primed to use that type of strategy in many situations 
and may have difficulty engaging alternative solutions. Alternatively, if an 
individual has a more balanced initial bias, he/she may be more readily able 
to shift between solutions. By introducing a variety of navigational chal-
lenges that favor one solution or another, we can begin to develop a model 
that not only considers one’s initial bias but also explores the ability to shift.

To make some early strides toward this effort, in a recent series of experi-
ments, participants in the DSP were first classified with a solution index. In a 
subsequent series of trials, participants were told when shortcuts were avail-
able. This manipulation was intended to motivate people to look for a short-
cut. The results suggested that people who were already using some shortcuts 
often shifted to using them more frequently once they were cued, whereas 
some people who were using very limited shortcuts ignored the cues (Furman 
et al., 2013). Even in this simple case of reduced ambiguity, an individual’s 
initial score on the solution index was a reasonable indicator of how he/she 
responded to the cues. Ultimately, this will still offer ways to classify individu-
als, but the classification will be more continuous and offer insights into the 
range of strategies a given individual might be able to employ.

5.3.   Advantages and Disadvantages for Different Solutions
Inherent in the above discussion is the notion that different solutions/strate-
gies may be more or less appropriate for different navigational conditions 
and challenges. This is in direct contrast to the landmark–route–survey pro-
gression, which suggests that flexible survey knowledge is the gold standard. 
Given that the learning mechanisms framework actually stresses the coexis-
tence of (at least) two systems, appealing to learning mechanisms raises the 
important question of why these two systems coexist for navigation. One 
obvious answer is that each system may have an important part to play in 
the wide range of spatial learning and navigational challenges that humans 
(and other animals) face. Bringing this to bear on individual differences 
opens the door for thinking about how different solutions and strategies 
might offer distinct advantages and disadvantages to allow successful naviga-
tion under different conditions.

First, there are known advantages to the place- and response-learning 
systems in rodents. Whereas place learning affords flexible use of the envi-
ronmental cues in the face of detours or changes in start location, response 
learning offers a form of “automaticity” that can be engaged under 
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conditions of stress or distraction (e.g. Kim, Lee, Han, & Packard, 2001; 
Packard & Wingard, 2004). Human navigators also face a wide range of 
conditions, including both unexpected detours and concurrent distractions 
while navigating. Individual differences in the bias to engage the place and 
response systems likely affect the reaction to these changing conditions. In 
a study of distraction, we asked participants to complete the DSP naviga-
tional task with and without verbal shadowing (Clark, Marchette, Furman, 
& Shelton, in preparation). We measured their propensity to use shortcuts or 
familiar paths (solution index) and observed that people shifted to using the 
familiar path more often when distracted by verbal shadowing than when 
not distracted. We also found that performance was worse under distraction. 
In addition, those who maintained the use of shortcuts in the face of distrac-
tion also appeared to take the largest hit on accuracy, suggesting that these 
individuals were not switching to the more optimal familiar route solutions.

To consider more broadly how different solutions and different learning 
mechanisms might convey different advantages, it is useful to think in terms 
of the interaction of (1) the environmental structure and available cues, (2) 
the skills that the observer brings to bear, and (3) the goals and demands 
of the navigational challenge. This interaction of factors is consistent with 
recent models (e.g. Carlson et al., 2010), and the learning mechanisms 
framework offers a starting point for thinking about how some aspects of 
this coordination might occur.

In the simplest form, the goal of navigation is to get to one’s destination. To 
that simple goal, we can add different features (one-way streets, hills, multiple 
stoplights) or different constraints (running late, avoiding bad neighborhoods) 
that may affect which solutions or strategies might be optimal. For example, 
in a city with a lot of one-way streets, establishing known routes may be the 
safest and most efficient way to be successful. This might convey an advan-
tage for someone traditionally classified as a route learner or someone in the 
place/response framework who has a stronger tendency toward familiar paths. 
However, this advantage may disappear in that same environment when walk-
ing instead of driving. Similarly, we can imagine an environment rich with 
salient landmarks. In such an environment, encoding locations with respect to 
landmark proximity might offer an advantage over established sets of routes.1

1  This example reminds me of an anecdote from a visit to a colleague’s campus. A graduate student 
was guiding us to lunch and seemed to be taking a somewhat circuitous route. Upon our arrival at the 
building, he admitted that he was nervous about getting there correctly because he had been using 
a crane to beacon to that location for the past 2 years. The crane had recently been removed, and his 
previously efficient strategy was no longer available.
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In addition, there is the internal motivation of an individual that might 
drive what he/she is willing to do. For example, if the immediate goal is to 
get somewhere as quickly as possible without error, then it is critical that 
the individual uses a strategy that will be error free. In this case, any uncer-
tainty about a potential path would reduce the likelihood of using that path. 
In our work on cuing shortcuts (Furman et al., 2013), we observed this 
phenomenon in several people. Individuals who opted for the familiar path 
when uncued would sometimes switch to using a shortcut once they had 
the very basic knowledge that there was a shortcut available. Many of these 
individuals reported that they often knew that there might be a shortcut but 
indicated that they were only willing to try it when the cue offered them 
certainty. Notably, we also had individuals who found the cues frustrat-
ing because they simply had no idea which paths might be the shortcuts; 
these individuals did not shift their behavior in response to the cues. In the 
landmark–route–survey framework, both types of individuals would likely 
be labeled as route learners, but the latter group clearly has a different set of 
available solutions and must employ them differently.

Finally, by thinking in terms of advantages and disadvantages, we can 
also begin to think about a broader range of strategies that might emerge 
from the interaction of these learning mechanisms with experiences, envi-
ronments, and goals. Even within the place- and response-learning net-
works, there have been suggestions for additional distinctions. For example, 
within the striatal system that is believed to support response-like learning, 
different portions of the neuroanatomy have been associated with differ-
ent kinds of landmark use: beaconing has been associated with activation 
in the ventral and medial aspects of the striatum (Devan & White, 1999), 
whereas the use of landmarks as associative cues has been associated with 
more dorsal and lateral regions (Featherstone & McDonald, 2004, 2005; 
see also Chang & Gold, 2004). Understanding how such distinctions in the 
underlying neural systems manifest themselves in complex behaviors will 
offer richer ideas about how individual differences emerge. Taken together, 
thinking about different solutions and strategies as having distinct advan-
tages also raises important questions about what it means to be a good or 
bad navigator.

5.4.   Separating Preference from Prowess
As noted earlier, the classification of spatial ability in terms of success has 
strong anecdotal and empirical bases, and there has been an emphasis on 
certain strategies being better or worse than others. However, there has also 
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been clear recognition that “success” has been defined in specific contexts 
that may favor one solution or strategy over another. One of the important 
features of the DSP, driven by the place/response framework, is that different 
solutions are equally successful. That is, whether someone sticks to the famil-
iar route or opts for a novel path, the trial will be successful as long as they 
arrive within the time limit. This ability to use different solutions to solve 
the same problem is consistent with the real-world situation of navigating 
familiar environments. Although we do encounter the occasional roadblock, 
our environments generally afford finding and using a particular route or 
knowing the environmental structure well enough to use multiple routes.

The first important question then is whether there is a clear relationship 
between success rate and the types of solutions people use. In earlier stud-
ies, it is clear that sense of direction as measured by SBSOD was related to 
an individual’s ability to complete certain navigational tasks (for review, see 
Wolbers & Hegarty, 2010); however, as we have suggested, both the SBSOD 
and the empirical tests of navigation tend to emphasize the flexible use of 
space and should therefore by related. In the DSP, where success is deter-
mined by taking a clean path to the destination within a reasonable time 
limit, we can compare solution index (rate of use of shortcuts or familiar 
paths) to the success rate (percent trials completed). As shown in Figure 6.7,  
in a large sample, the ability to successfully complete the trials was not 
dependent on which solution the individual preferred. Critically, the rela-
tionship trends in the opposite direction of that predicted from the idea that 
flexible use of space is best; that is, people using more shortcuts (more place 
learning) appear more variable and slightly less successful on average than 
those using more familiar paths. More recent work (as yet unpublished) has 
replicated this work and substantiated it by showing that self-report mea-
sures of strategic preferences are also unrelated to success rate on the DSP, 
even with more stringent time limits.

Predicting success also carries with it the important question of general-
ization. Taking the individual’s most frequent solution or most pronounced 
solution may miscalculate their actual ability to respond to certain situations. 
In other words, just because someone prefers to use familiar routes does not 
 necessarily mean that he/she does not have the knowledge to use shortcuts. 
The use of a more continuous measure of preference (as in the solution index 
and its variants) may offer more insight into how to measure success rates. Sub-
stantial efforts are underway to try to make use of more quantitative approaches 
to classification, and the place/response framework may offer one of the clearest 
starting points from which to work.
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Finally, returning to the question of what it means to be a good or 
bad navigator, we offer a more adaptive approach. In the simplest form, 
being good means getting where you need to go. In this sense, the ability 
to apply an appropriate strategy or solution, given the constraints of the 
environment, the skills of the observer, and the current goals, should be the 
mark of good navigation. Our work on shifting strategies under instruction 
( Furman et al., 2013) and conditions of distraction (Clark et al., in prepara-
tion) begin to weigh in on this issue by assessing who can shift solutions 
and how much they shift as a function of a wide variety of spatial skills and 
preferences. Ongoing work in this domain is likely to offer remarkable new 
insights and new ways to think about individual differences in navigational 
ability.

6.   CONNECTIONS TO OTHER SOURCES OF 
VARIABILITY

 In addition to providing a general framework for thinking about indi-
vidual differences, the appeal to a place/response model has implications for 
other sources of variability. A large body of research has identified factors, 
such as aging, sex differences, and hormonal balance that can modulate nav-
igational success and strategy. Although post hoc descriptions of how these 
factors impact navigation have been marshaled, there is currently no frame-
work for explaining how these modulators may shape differences among 
individuals However, a direct benefit of considering neurobiologically 
grounded learning mechanisms is that it allows us to build a connection 

Figure 6.7 Data from the Marchette, Bakker, et al. (2011) studies showing no relation-
ship between solution index and rate of success. (For color version of this figure, the 
reader is referred to the online version of this book.)
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between these factors and how they may shape individual differences in the 
way people use strategies and solutions.

6.1.   Aging
Aging is associated with decline in a number of cognitive domains; among 
them are the processes of spatial learning and navigation. When compared 
with their younger counterparts, older adults are impaired in their ability 
to learn and remember ways of finding their way to important destinations 
(for review, see Moffat, 2009), the physical layout of the environment (Iaria, 
 Palermo, Committeri, & Barton, 2009; Kirasic & Mathes, 1990; Kirasic, 2000),  
as well as their position within it (Iaria et al., 2009; Mahmood, Adamo, 
 Briceno, & Moffat, 2009). This suggests one important area where an appeal 
to learning mechanisms might offer insights into the effects of aging.

In rodents, there has been substantial effort to understand how such 
changes in behavior with aging might be related to differential changes in 
the underlying spatial learning mechanisms (e.g. Gallagher & Pelleymounter, 
1988; Rapp, Rosenberg, & Gallagher, 1987; Rosenzweig & Barnes, 2003). 
For example, when allowed to solve a task using place- or response-related 
information, aged rats rely on more response-based solutions than younger 
animals (Barnes, Nadel, & Honig, 1980). In humans, a similar case appears to 
be building. Notably, the kinds of tasks that demonstrate the spatial memory 
decline focus on explicit route learning or the ability to make flexible infer-
ence using spatial representations of the environment. For example, in vari-
ants of the MWM adapted for humans, the common observation is that older 
adults take consistently longer to locate the platform, spend less time near its 
former location on probe trials, and are less able to explicitly indicate where 
the platform is located compared with younger adults (e.g. Driscoll et al., 
2005; Moffat, 2009; Moffat & Resnick, 2002). In addition, these age-related 
deficits are accompanied by functional impairment within the medial tem-
poral lobe (e.g. De Leon et al., 1997; Jack et al., 1998) and often the broader 
navigation network (parahippocampal gyrus and retrosplenial  cortex; see 
e.g. Meulenbroek, Petersson, Voermans, Weber, & Fernández, 2004; Moffat, 
Elkins, & Resnick, 2006). Taken together, these results in rodents and humans 
are consistent with a relatively selective impairment in the place-learning 
system.

In the framework we have outlined, these apparent deficits in place 
learning with aging would suggest the loss or impairment with some strat-
egies and only in some situations, allowing specific predictions about pat-
terns of impairment and sparing. First, individuals who favor solutions and 
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strategies that depend more heavily on a response-like system might show 
less degradation in their overall navigational experiences. Similarly, individ-
uals who can readily shift strategies should have the capacity to compensate 
the loss of place-learning proficiency by utilizing other solutions. Indeed, 
on versions of the virtual MWM that allow more response-based strategies, 
caudate nucleus volume has been positively correlated with successful per-
formance, suggesting that increased dependence on the response-learning 
system might counter at least some of the deficits observed with aging 
(Moffat, Kennedy, Rodrigue, & Raz, 2007). These predictions suggest that 
the way we test for spatial learning and memory deficits in aging may need 
to include tests for alternative solutions and styles.

A final key fact about aging is that the impairments are graded in nature, 
with some individual rats even seeming to escape impairment (Gallagher, 
Burwell, & Burchinal, 1993), and similar sparing in human aging is associ-
ated with a reduced loss of hippocampal volume (Driscoll et al., 2003). 
These results suggest that age-related impairments in spatial learning may 
be tied to the degree place-learning impairment, an observation in line 
with our results showing that use of strategies was associated with place 
learning falls along a continuum.  Although it currently remains unexplored, 
an expectation of our model is that these graded deficits in place learning 
should be met with similarly graded increases in reliance on response learn-
ing. In addition, our work on shifting strategies suggests that some individu-
als may fail to show this shift toward response learning. These predictions 
offer another potential avenue for examining why some individuals show 
more marked decline then others, which may feed ideas for methods for 
helping aging individuals to adapt their strategies more readily.2

6.2.   Sex Differences and Hormonal Influences
The domain of navigation has traditionally been a fertile ground for study-
ing sex differences because there have been many reports of differences 
between males and females in their ability to learn and use particular sorts 
of spatial information. Most commonly, males tend to prefer using knowl-
edge of their position with respect to locations within the environment, or 
survey knowledge, whereas females tend to prefer more route-based forms 
of information (e.g. Lawton, 1994, 1996). In line with these self-reports, 

2  Much of this discussion is also relevant to some of the navigational deficits observed in such 
neurological disorders as mild cognitive impairment and Alzheimer’s disease, where impairments have 
been associated with hippocampal damage or dysfunction (e.g. Bellassen, Iglói, de SouzaDubois, & 
Rondi-Reig, 2012).
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sex differences tend to be revealed in tasks that require participants to make  
judgments over the larger scale global structure (e.g. Lawton, Charleston, 
& Zieles, 1996) and in situations that require navigation using cardinal 
directions rather than landmark information (Saucier et al., 2002). These 
results suggest that men and women may rely on and learn about differ-
ent sources of information in the environment (see also Kelly, McNamara, 
Bodenheimer, Carr, & Rieser, 2009; Sandstrom, Kaufman & Huettel, 1998).

Sex differences can also be linked to different hormonal profiles, another 
potential sources of variability that may affect navigational behaviors. More-
over, place- and response-learning mechanisms have already been associ-
ated with different hormonal profiles in both rodents (e.g. Davis, Jacobson, 
Aliakbari, & Mizumori, 2005; Gold & Korol, 2010; Korol, 2004; Naghdi, 
Majlessi, & Bozorgmehr, 2005; Roof & Havens, 1992; Warren & Juraska, 
1997) and humans (Bell & Saucier, 2004; Driscoll et al., 2005). For example, 
work by Korol and colleagues has shown that experimentally manipulated 
levels of estrogen in female rats modulate the preferential use of place and 
response learning. In particular, they found that estrogen infusions into the 
hippocampus, but not striatum, enhanced place learning, whereas estro-
gen infusions into the striatum, but not hippocampus, impaired response  
learning. Although results with testosterone have been more varied  
(e.g. Clark, Mitre, & Brinck-Johnsen, 1995; Naghdi et al., 2005; Roof &  
Havens, 1992; Sandstrom, Kim, & Wasserman, 2006), there have been 
 suggestions that testosterone has a relationship to MWM performance 
that may be associated with sex difference. For example, Roof and Havens 
observed that the hippocampal formation in female rats given neonatal 
testosterone was more similar to male rats than to other females that did 
not receive testosterone; the treated females also showed more male-like 
 performance than nontreated rats. These hormonal influences in rodents 
offer a potential explanation for sex differences as a function of differential 
hormonal effects on place and response learning.

In humans, circulating testosterone levels appear to be a predictor of both 
spatial reasoning and the ability to acquire spatial knowledge (Bell & Saucier, 
2004; Driscoll et al., 2005). Critically, lower levels of testosterone were asso-
ciated with better performance in men, whereas higher levels of testosterone 
are associated with better performance in women, suggesting that too much 
or too little circulating hormone affected performance on explicit kinds of 
spatial learning tasks. Our framework, in conjunction with the observations 
in rodents, would suggest that these associations with apparent place learn-
ing might predict changes in response-learning rates as well. In particular, it 
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predicts that conditions that reduce place learning might enhance response 
learning, which would, in turn, change the balance of strategies that indi-
viduals utilize. Again, as in other areas, this would take our thinking away 
from ideas about how hormones are good or bad for navigation and toward 
ideas about what people might engage under different hormonal influences.

Hormones are a particularly interesting factor to consider because, in 
addition to capturing features about the specific individual (e.g. baseline 
levels of circulating testosterone), hormones are sensitive to acute state 
changes. For example, stress-related hormones may play a similar role in 
changing the bias between the memory systems associated with place and 
response learning (for review, see Packard, 2009; Brain Research). In par-
ticular, chronic stress appears to reduce the hippocampal plasticity that is 
thought to be a core component of the place-learning system (e.g. Kim & 
Yoon, 1998). What’s more, systemic administration of corticosteroids, a class 
of hormones released in response to stress, biases rodents away from place 
learning and toward response learning in a maze that allowed both solu-
tions (Sadowski, Jackson, Wieczorek, & Gold, 2009; Schwabe et al., 2010). 
This may offer interesting insights into human navigational styles because 
high spatial anxiety tends to coincide with more frequent use or reliance on 
familiar routes (Hund & Minarik, 2006; Lawton, 1994). Thinking in terms 
of biasing systems allows us to make specific predictions about the interplay 
of stress hormones, acute or chronic stress/anxiety, and navigational styles. 
This is another example of the theoretical richness a neurobiologically 
grounded framework of individual differences might provide.

7.   COMPETITION OR INTERACTION OF SYSTEMS

 Before drawing some final conclusions about the role of a place/
response framework in thinking about individual differences, it is important 
to address the relationship between the putative place and response sys-
tems. In the literature on rodents and humans, there has long been a debate 
about the degree to which these systems are competing with each other  
for resources or interacting with each other to give rise to behavior  
(e.g. Poldrack & Packard, 2003). Although a thorough discussion of this 
issue is beyond the scope of this chapter, there are some important points 
to make with respect to how the debate affects the proposed framework 
for individual differences.

In some sense, the basic place and response characterization based on 
rodent behavior evokes a sense of competition by necessity. That is, only 
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one type of behavior can be produced, and therefore, only one system can 
be manifested at any given time. For example, when Tolman and colleagues 
placed rats in a T-maze from a novel start position, the rat had to either turn 
toward the arm consistent with the target location relative to the environ-
mental cues or turn toward the arm consistent with the repeated action 
during the acquisition (e.g. Packard & McGaugh, 1996; Restle, 1957; Tolman 
et al., 1946, 1947). Therefore, in terms of being able to drive behavior, there 
must at least be some form of competition that allows one system to dominate 
at any given time.

Beyond the competition to drive behavior, one can ask whether there 
is a necessary trade-off in resources between the two neural systems that 
support the different learning mechanisms. The first important point is that 
the two systems are operating in parallel during encoding, as evidenced 
by the extensive work showing that rodents can successfully learn under 
conditions that require either a place or a response approach. Moreover, 
shutting down one system at the time of retrieval allows the other system 
to control behavior (Packard & McGaugh, 1996), further supporting the 
ideas that learning was occurring simultaneously.   This coincidental learning 
is consistent with an account that allows for either independence or coor-
dination of these systems, with the “competition” largely at the behavioral 
output end.

In humans, the story with respect to competition or cooperation is 
less clear. Marchette, Bakker, et al. (2011) found that the activation in 
the hippocampus and caudate nucleus during encoding predicted the 
solutions that were employed. Critically, although the individual regions 
predicted performance as expected, it was the relative activation of the 
two regions that offered the strongest correlation. This appeal to the bal-
ance of activation suggests that both systems may be operating at higher 
or lower levels such that when they are in balance, people are likely 
to use a mixture of solutions and that mixture shifts as the balance of 
engagement shifts.

In an alternative approach to the distinction between hippocampal and 
striatal contributions, Brown et al. (2012) investigated the concurrent acti-
vation in hippocampus and caudate, as well as prefrontal regions, in par-
ticipants learning and navigating in virtual mazes. Participants learned to 
navigate in a series of small mazes and were then asked to navigate those 
learned environments during fMRI scans. The activation was then interro-
gated for mazes that shared overlapping features compared with those that 
did not. The results revealed greater functional connectivity between the 
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hippocampus and the caudate in conditions that required making behav-
ioral distinctions in environments with overlapping features compared with 
conditions in which the environments did not overlap. This finding suggests 
that the underlying place-like and response-like systems may operate in the 
disambiguation of different navigational context.

Overall, the question of whether these two systems are competing, inde-
pendent, or interactive may depend on the particular situation in which 
an individual is acting. In the framework proposed here, the critical con-
cept is that these two systems are present and show individual variability in 
their engagement. As both the questions of competition vs coordination are 
addressed and the issues surrounding individual differences become clari-
fied, the proposed place/response framework will become elaborated and 
enriched.

8.   CONCLUSIONS

 Our understanding of individual differences in navigation has long 
been shaped by models and approaches that emphasize how people engage 
novel spaces. The standard landmark–route–survey framework proposes 
that, in an attempt to maximize their later success, people try to focus on 
learning the information they think will be important to remember later, 
such as the location of a particularly salient landmark, a sequence of direc-
tions along a route, or the spatial relationships between important places. 
People then ultimately meet with different amounts of success that reflect 
how much their strategy has allowed them to accurately learn about the 
environment, with good navigators identified by their ability to form more 
holistic spatial representations. This framework stresses what people explic-
itly try to do, and much of our understanding of these complex strate-
gies necessarily comes from people’s self-report. These descriptions of what 
people report using are then in turn used to classify navigators into differ-
ent discrete categories.

The work summarized here on human place- and response-learning 
mechanisms paints a complementary picture to the landmark–route–survey 
model but may also challenge some of its norms for defining individual 
differences. The principle challenge stems from the observation that when 
we tested participants on the DSP, we did not see two clear clusters of 
people who preferred place-like or response-like solutions. Instead, par-
ticipants ranged continuously across the spectrum of possible preferences. 
Consistent with the rodent models, this continuous range suggests that both 
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learning mechanisms are available to any individual and that each individual 
has some bias of variable strength toward one learning mechanism or the 
other. In practice, this also means that an individual is using fundamentally 
different solutions on different trials. This observation may push us out of 
old norms for thinking about distinct categories for classifying individuals 
based on what they report to be their dominant strategy.

Once we allow the possibility that the use of navigational strategy, 
at least at the level of the deployment of learning mechanisms, is con-
tinuous rather than discrete, we have to develop ideas about why strate-
gies are deployed continuously. One possibility is that the strategy of the 
moment may be shaped by the particular circumstances of navigation, 
rather than being determined by what participants try to do in general. 
This is a concept that heralds a change from thinking about there being 
strategies that are “better” and “worse” overall: normatively, under a bet-
ter/worse scheme, an individual should principally use the best strategy 
that he or she can!

An alternative to the standard viewpoint, and one that we subscribe to, 
is that different strategies may convey advantages and disadvantages, which 
might be suitable to particular situations or optimize different navigational 
criteria, such as weighing speed of travel against certainty of arrival. Having 
access to both learning mechanisms is then adaptive because it allows an 
individual to select the strategy that will best match their own navigational 
goals and constraints. This framing may redirect our attention to how strat-
egy selection may reflect the constraints that an individual navigator places 
on defining a successful trip.

Taken together, these different profiles of strengths and weaknesses mean 
that some situations will call for place learning whereas others may call for 
response learning. Navigational success, then, is not simply associated with 
which solution one may prefer in the DSP. However, a fine point in this 
argument is that we are not arguing that one’s predisposition for place and 
response learning is unrelated to navigational success in the real world. The 
DSP was designed such that both place and response learning can support 
successful navigation, but in the real world, this may not always be the case. 
Our suggestion is that, while prowess with a chosen strategy matters, navi-
gational success on a particular trip will be based primarily on how well the 
individual’s strategy fits the particular situation. Our traditional predisposi-
tion as researchers to call place-like strategies “good” consequently results 
from the fact that they are widely applicable, rather than universally more 
successful than response-like strategies. Under this view, a truly successful 
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navigator is not someone with a commitment to a particularly “good” strat-
egy, but rather one who is able to recognize the right strategy at the right 
time and have the flexibility, and ability, to apply it.

The learning mechanisms framework addresses a contradiction that 
arises in the study of individual differences in navigation. A common trope 
that virtually every paper on navigation uses to motivate their study is 
that navigation is a core skill for mobile beings and is crucial to survival. 
Despite this claim, a notable portion of the population reports being quite 
bad at navigation without experiencing daily threats to their survival. In 
our view, the resolution of this contradiction must be to accept that most 
healthy individuals have adapted to the navigational needs of their time 
and environment and found solutions that work. We do not question the 
value of research into how people learn and adapt to novel environments. 
Indeed, it is precisely these kinds of studies that will enlighten our under-
standing of individual differences. However, we suggest that studying 
learning mechanisms will open up a rich largely unstudied territory in 
navigational research: what are the challenges and criteria of daily naviga-
tion in the real world and how might an individual’s strategies and apti-
tudes be mustered to meet them? How flexibly can these be shifted as 
circumstances change?

In conclusion, the distinction between place and response learning is 
both historically important and incredibly promising for enlightening our 
understanding of spatial learning mechanisms. However, it is not immedi-
ately obvious how place- and response-learning mechanisms translate to 
the many complex strategies that people report for navigating the world. 
There do seem to be some analogies between place learning and survey 
or “map-like” strategies and response learning and route-based navigation; 
however, we suggest here that this superficial similarity masks more inter-
esting relationships. Rather than simple one-to-one correspondences, the 
concepts of place and response learning form the foundations for under-
standing how different learning mechanisms with different intrinsic biases 
can cooperate or compete to give rise to complex strategies that might be 
appropriate for the challenges of navigation. Here, we have argued that the 
study of these learning mechanisms provides a framework for understand-
ing individual differences in navigation—not a fully specified model. This 
is not an oversight on our part, but instead reflects the multidimensional 
nature of navigation and the need to expand our focus to the range of 
navigational circumstances, criteria, and constraints that individuals face 
on a daily basis.
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