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Abstract 
The primary purpose of the current study was to investigate how individuals navigate in an 

unfamiliar environment while using a map. What are the dynamical processes transpiring 

when an agent navigates in the environment using a tool to his aid? The emphasis was 

more specifically on the dynamic interaction between agent and artifact that together 

worked according to the Principle of Ecological Assembly (PEA) (Clark, 2008) and how this 

dynamical interaction could be analyzed from a situated problem-solving perspective. 

Moreover, the fact that individuals rely on cognitive artifacts in different circumstances is a 

quite trivial statement, but the related and less scrutinized question concerns temporality of 

cognitive work – when does the process of ecological assembly emerge during a problem-

solving situation? Using cognitive ethnography as methodological approach to investigate 

the aforementioned research question, 17 research participants took part in this study that 

took place at the campus area of UC San Diego. The participants were given a physical 

map that represents the UCSD campus, and were given the primary task to reach a target 

destination from their current location within the campus area. It was found that individual 

sense of direction predicted the probability with which the ecological assembly was 

initiated, supporting the underlying assumption that that the formal probability (P) of 

ecological assembly in any given domain relies on a set of variables where individual 

proficiency at any given task is a continuous variable. The hypothesis was confirmed in 

conjunction with a set of peripheral but relevant and interesting findings regarding how 

individuals increase the cognitive congeniality (Kirsh, 1996) of their environment during the 

highly interactive problem-solving activity. An unexpected finding was also that individuals 

relying primarily on route knowledge during navigation, rather than survey knowledge, 

more frequently spontaneously aligned the map in synchrony with the surrounding 

environment while navigating, suggesting a different registration process preference 

between map as pictorial external representation and the world.  
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1 Introduction 
Imagine yourself navigating by foot in a novel, urban environment such as in an unfamiliar 

city. This activity calls for several intricate cognitive abilities; for instance, it requires 

perception of environmental elements and features such as salient buildings and signs, 

detection of objects in motion such as cars on the streets and people on the sidewalks. This 

requires distance estimation and object classification, as well as complex sensory-motor 

interaction involving proprioceptive feedback while locomoting through the urban 

landscape. Moreover, it requires you to build an internal representation of the surroundings 

in order to navigate and make sense of where you are in world with respect to other entities 

in a global frame of reference. The process of building this internal representation of our 

environment is called cognitive mapping (Downs & Stea, 1993), and is a part of our everyday 

existence as human beings. Everything from building up complex cognitive maps (Tolman, 

1948) such as of cities and neighborhoods, to moving about in our own home when 

making morning breakfast requires and operates upon these cognitive maps. It is an 

essential ability for human beings and non-human animals alike in order to find food and 

avoid predators and – ultimately – to survive. Again, imagine yourself moving about in this 

unfamiliar urban environment; in today’s socio-cultural atmosphere and with its 

technological innovations, it is not entirely unlikely that you will have a handy GPS or some 

other kind of map, be it a digital or more conventional paper map, to help you on your 

navigational endeavor. This leads us to another quintessential trait of human species that 

separates us from other primates – the degree and sophistication with which we can create 

and manipulate tools to enhance our physical and cognitive abilities within a given activity 

in the world. The use of tools in this manner can be seen as adapting the environment itself, in 

contrast to adapting to the environment or moving to another habitat, in order to improve 

the evolutionary fitness of the creature using the tool (Kirsh, 1996). This adaptation is part 

of the concept cognitive niche construction (Clark, 2008), which is the process by which animals 

build physical structures that transform problem spaces in ways that aid thinking and 

reasoning about some target domain. These structures combine with culturally transmitted 

practices to enhance problem solving and might allow for whole new forms of thought and 

reason. The adherence to this kind of dynamic interaction between agent and artifact in a 

given cognitive activity is one of the central tenets of the budding field of distributed, 

situated and embodied cognition (Robbins & Aydede, 2009).  

 

In terms of situated cognition, one of the most prevalent phenomena that is noted in the 

literature is how cognitive agents prefer to offload cognitive work into the environment in 

which the agent operates. One prime example is the notion of epistemic actions (Kirsh & 

Maglio, 1994) which can be defined as an action that serves to give the agent certain 

information, which is hard to compute mentally, about a problem. And if Montello, 

Hegarty and Richardson (2004) is correct in their speculation about how a map, if properly 

used, can act as an extended survey knowledge artifact, much like an internal map of the 

surroundings of an individual, then there is an intriguing prospect of investigating how 
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agents interact and make sense of the map and the world in a tight cognitive coupling. This 

kind of cognitive coupling is widely analyzed in different areas of academic inquiry using 

different terms and notions to denote this coupling between agent and artifact, where 

cognitive system (e.g. Rupert, 2010) is perhaps one of the most well-known examples. Clark 

(2008) has coined a term, or principle, to label this type of interaction in which epistemic 

actions can be incorporated – Principle of Ecological Assembly (PEA). This principle states that 

“the canny cognizer tends to recruit, on the spot, whatever mix of problem-solving resources will yield an 

acceptable result with a minimum of effort” (Clark, 2008, p.13). The fact that individuals rely on 

cognitive artifacts in different circumstances is a quite trivial statement, but the related and 

less scrutinized question concerns temporality of cognitive work – when are external 

resources used as scaffolding? In other words, when does the process of ecological 

assembly occur? One obvious answer is of course that individuals use external resources 

whenever internal cognitive capacity is lacking or otherwise insufficient to carry out the 

cognitive task in isolation. However, as we all know, human beings tend to take advantage 

of such things as paper and pencil and calculators even during activities and problems that 

we are perfectly capable of carrying out in our heads. Furthermore, another premise is that 

every action, be it internal mental computation or embodied and externally offloaded 

computation, comes with a specific cost in terms of time and energy. Hence, every action an 

individual engages in is here assumed, within this project, to be the result of some implicit, 

internally generated cost-benefit analysis. From a third person standpoint, the probability 

(P) of recruitment of external cognitive resources of any given individual at any given 

cognitive activity, is here hypothesized to rest upon an equation where this cost-benefit 

analysis is an important variable. There have been ambitious attempts, premised under the 

same aforementioned hypothesis, to try to identify, quantify and measure different cost-

benefit analyses in different domains (e.g. Maglio, Wenger & Copeland, 2003). The present 

study and thesis is written under aforesaid assumptions in conjunction with the conjecture 

that individual cognitive ability related to any given task is one variable of the equation that 

determine the probability of external recruitment. These assumptions, among other 

research questions, are evaluated in this thesis. 

 

This leads us to inquire the very nature of maps – what exactly are they and how do people 

use and interact with the map in order to extract knowledge from them during a navigational 

problem solving task? What is the relationship between internally generated spatial 

knowledge and externally and pictorially generated ditto instantiated by a physical map? 

How do people make sense of this seemingly trivial artifact and correspond it to the spatial 

world around them in order to situate themselves in the world? This thesis is focused on 

investigate the aforementioned questions. 

 

Interest in human spatial cognition and navigational capacity has a long history, and focus 

has primarily been on investigating the representational architecture of internal spatial 

representations, such as whether cognitive maps are map-like in nature or more like nodes 

in a graph representation. Questions regarding human spatial navigation and navigational 

strategies employed have not been left fully unanswered either. Nevertheless, the long 
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standing tradition of studying spatial knowledge acquisition and navigation has mainly 

focused on studying these abilities in strict laboratory settings and virtual environments 

(e.g. Allen, Kirasic, Dobson, Long, & Beck, 1996; Montello, 1993), or through fixed routes 

in urban areas (Kato & Takeuchi, 2003), and the use of maps have mostly been limited to 

the assessment of spatial knowledge in individuals (Liben, 2010). One reason why these 

studies have been carried out within highly controlled environments is because of the 

practical difficulties of conducting research on maps and the natural ecology (Liben, 2008). 

Thus, one prospect of the current thesis is to shed further light on how mapping in real 

environments, with emphasis on ecological validity, can be contrasted with previous 

research performed in more controlled and artificial settings.  

 

In this thesis, a study was conducted with the purpose of investigating how people navigate 

through an unfamiliar environment using a physical map, with an emphasis on the 

interaction between agent and map as an external representation of the world, and to see 

how knowledge acquired from maps can be incorporated into existing frameworks and 

concepts and juxtaposed with individual spatial abilities. The paradigm of situated 

cognition and problem solving served as foundation from which this study premised upon. 

The field of situated cognition emphasizes the dynamic interaction between agent and 

artifact, and spatial navigation is a form of embodied problem solving activity, rendering 

the aforementioned paradigm a feasible analytical approach. Using cognitive ethnography 

as methodological approach to investigate the aforementioned research questions, 17 

research participants took part in this study that took place at the campus area of UC San 

Diego. The participants were given a physical map that represents the UCSD campus, and 

were given the primary task to reach a target destination from their current location within 

the campus area. A secondary task was used to measure the participants’ dead reckoning 

ability. The dead reckoning task, known elsewhere as a pointing task, refers to the ability of 

the individual to point and estimate the relative direction to an unseen landmark in the 

environment from an individual’s current position. Dead reckoning is regarded as an 

objective measure of wayfinding ability (Prestopnik & Roskos-Ewoldsen, 2000). Prior to 

the start of the primary task, a pretest measuring the individuals’ sense of direction which is 

another valid measure of wayfinding ability (e.g. Kozlowski & Bryant, 1977; Hegarty, 

Richardson, Montello, Lovelace, & Subbiah, 2002), and wayfinding strategies was 

administered. Sholl (1988) also suggested that sense of direction refers to “the ability to 

mentally update self-to-environmental-object interrelations” (Sholl, 1988, p. 313-314) and 

that this ability is implicated when learning new environments and using a map for 

navigation (Sholl, 1988). Thus, it was hypothesized that sense of direction would be 

predictive of map use frequency. The participants were videotaped using two cameras: one 

head-mounted on the participant and one handheld by the experimenter. This way, the 

participant’s point of view could give insight into the actions taken to register the 

surroundings and referential correspondences between map and world, while the handheld 

camera could give clues about how people use their body in order to solve the navigation 

task. 
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1.1 Disposition 
This thesis is organized as follows: A theoretical background will serve to give the reader a 

general overview of spatial cognition in general and in particular the influential and 

documented findings from the work of Hegarty, Montello and others. Moreover, previous 

research regarding map use in navigational settings and documented strategies during 

wayfinding is presented. The theoretical and empirical work done by those investigators 

will serve as a foundation for the analysis done in the current study. Since wayfinding is a 

situated problem-solving activity, a brief presentation of the field of situated cognition will 

also be featured together with an overview the nature of problem solving. After the 

theoretical background, an overview of the current research issues is illuminated with the 

recently presented theoretical background freshly in mind. The methodology used in this 

study will be presented thereafter, including procedure and equipment used throughout this 

study. Chapter 5 will present the descriptive analysis and the results from the quantitative 

data, and chapter 6 will conclude this paper with a discussion of the findings and some 

methodological concerns as well as proposals for future research.  
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2 Theoretical Background 
This chapter will provide a theoretical background and explore some of the most important 

frameworks and concepts on which this study is based. Firstly, the background will present 

the concept of spatial cognition in a very broad sense, elaborating on how different levels 

of spatial cognition are distinguished and how this relates to wayfinding behavior. 

Following that overview, the next section will give a more detailed presentation of different 

representational theories of spatial cognition that have been proposed, where the emphasis 

will be on the Network of Reference Frames Theory (NRFT; Meilinger, 2008) which is a 

synthesis of two other prominent representational frameworks. Since wayfinding is a 

typical problem solving activity, one section will give a brief overview of that field of 

cognition both from a classical view and the more recent paradigm of situated cognition. 

Lastly, a section will provide some background regarding the relatively new field of 

distributed and situated cognition, which is the theoretical paradigm from which this study 

is conducted.  

2.1 Spatial Cognition 
Spatial cognition is concerned with how people represent and navigate in and through 

space (Montello, 2005). This requires that one encode information from the environment 

and store it in memory and operate upon this knowledge of the relationship between the 

current location in space and a distal location in space (Galotti, 2008). This knowledge, 

which is encoded from the perceived environment, is assumed to be represented as a 

cognitive map. Although the nature of cognitive maps and how pictorially map-like they 

are is heavily debated, most agree that cognitive maps are mental constructs people use to 

navigate spatially through an environment, especially one that is too large to be immediately 

perceived from a single location in space (Kitchin, 1994).  

2.1.1 Representational theories of spatial cognition 

There are two major theories on the representational nature of spatial cognition. These are 

cognitive maps and graph representations, both with their own strengths and weaknesses. 

These will be briefly presented below together with a third representational theory – NRFT 

- that tries to synthesize cognitive maps and graph representations respectively into a single 

coherent framework.   

2.1.1.1 Cognitive maps 
Internal representations of our physical environment, particularly centered on spatial 

relationships, are termed cognitive maps. These cognitive maps seem to offer internal 

representations that simulate particular spatial features of our external environment 

(Rumelhart & Norman, 1988). Cognitive maps were first studied by Tolman & Honzik 

(1930) where they were interested in the ability of rats to learn a maze. Instead of 

conjecturing that rats learned where to turn right and left and so on, Tolman argued that 

rats learned a cognitive map – an internal representation of the maze. Humans seem to use 

three types of knowledge when forming and using cognitive maps: 



  

6 
 

 

 Landmark knowledge - Information about particular features at a location, and which 

may be based on both imaginal and propositional representations (Siegel & White, 

1975). 

 Route knowledge – Involves specific pathways for moving from one location to 

another, and which may be based on both procedural knowledge and declarative 

knowledge (Siegel & White, 1975). 

 Survey knowledge – involves estimated distances between landmarks, much as they 

might appear on regular maps, and which may be represented imaginally or 

propositionally (Siegel & White, 1975). This representation integrates routes into a 

gestalt-like network of relationships between locations. 

 
 

 
Figure 1. Illustration of a cognitive map with landmarks plotted in a spatial relationship with each and every other 
landmark in that frame of reference (from Meilinger, 2008) 

A cognitive map represents the environment within one single metric frame of reference, 

where all locations within that environment can be expressed by coordinates within a single 

coordinate system (Byrne et al., 2007). Moreover, the construction of a cognitive map has 

to be through several pieces of information encountered during navigation. Since cognitive 

maps represent spatial relations between objects and locations in the environment, it 

enables individuals to infer directions to different objects and act upon those inferences 

(e.g. taking a shortcut when a regular path between two locations is unavailable), and hence 

cognitive maps rely heavily on survey knowledge and not necessarily so much on route 

knowledge (Meilinger, 2008).  

 

Although cognitive maps represent survey knowledge in a very straightforward manner, 

they do not explain how people self-locate in the environment and how exactly people 

represent route knowledge in a cognitive map. Self-localization based exclusively on a 

cognitive map can only take into account the geographical properties that are displayed 

there. Visual appearances of landmarks are impossible to represent within a cognitive map 

itself. Moreover, planning a route based on a cognitive map alone might prove difficult, 

since potential routes have to be identified and then used (Kuipers, 2000). Also, as 

Meilinger (2008) points out, cognitive maps are not congenial with how people actually 
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carry out survey navigation and that cognitive maps in themselves must be limited in the 

representational scope.  Humans would need several cognitive maps to represent different 

locations of different scope, such as our house vs. our neighborhood vs. our city vs. our 

country. Thus, a multitude of cognitive maps are most certainly required and the 

relationship between them should be represented somehow (Meilinger, 2008).  

2.1.1.2 Graph representations 
Graph representations of spatial memory are a second prominent representational form. A 

graph is a structure consisting of a set of vertices and a concomitant set of edges. 

Throughout history, graph representations have been a relatively successful way to model 

spatial memory and behavior (Mallot, Bülthoff, Georg, Schölkopf, Yasuhara, 1995), and 

has been used extensively in computational modeling. Graph representations consist 

mainly of nodes and edges in a complex network, where the nodes represent goals and the 

edges represent means. Using concepts of spatial cognition, the goals are typically discrete 

places in space – e.g. landmarks – or a direct sensory input from a view, and the edges 

represent the means or transition to reach the adjacent node from the current one 

(Meilinger, 2008). Moreover, these edges may be asymmetrical carrying with them different 

information associated with them, which is congenial with the curious phenomenon found 

in human and animal behavior that manifests itself when individuals can navigate easily 

between A to B, but not as easily in the opposite direction (Mallot et al., 1995). Graph 

representations are excellent at representing route knowledge, where the routes and place 

information can be navigated and communicated without necessarily representing the 

actual spatial relation between two places in space. Nevertheless, graph representations, 

despite their appealing simplicity and explanatory power regarding route knowledge, does 

not represent survey knowledge which is an important source of information in human 

navigation (e.g. shortcutting between locations). Graph representations typically do not 

represent metric relations between locations, which is another important trait of human 

navigation where distance and feedback from locomotion and proprioception is an 

inherent property (Meilinger, 2008).  

 

 
Figure 2. A graph representation of spatial elements. Edges represent transitions, or actions, required for travel to 

adjacent node (from Meilinger, 2008). 

2.1.1.3 The Network of Reference Frames Theory 
The network of reference frames theory (NRFT) is a theory put forward by Meilinger 

(2008) and is a synthesis of two other theories of the nature of the representations of 

spatial cognition – graph representations and cognitive maps. Both graph representations 
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and cognitive maps are plagued by inherent weaknesses regarding explanatory power in 

human orientation behavior. I will not go into further detail in how those representational 

frameworks are lacking in explanatory power (for a review, see Meilinger, 2008). Instead I 

will present the main characteristics of NRFT below. 

 

The NRFT describes the memory processes that take place while individuals orient 

through environmental space through locomotion. According to NRFT the environment is 

encoded in interconnected reference frames. The reference frames can be considered as 

nodes in a complex network, and these reference frames consists of vista spaces which are 

the fundamental spatial representations. The reference frames are encoded in a specific 

angle or orientation, and are connected with other reference frames by edges which 

correspond to perspective shifts, which basically are metric and angular information about 

the relationship between the reference frames. The perspective shifts may be altered by 

moving between reference frames, thereby calibrating the perspective shift and making it 

more accurate with experience. A vista space is the visual layout of the environment that 

can be seen from a single point, such as a street or a room.  Although vista spaces may be 

constituted by additional information in other modalities, such as motion, vision is the 

primary source of information in a vista space.  

 

 
Figure 3. Illustration how spatial knowledge is represented according to the NRFT, where each node consists of a 

reference frame with vista spaces. Edges are perspective shifts indicating the actions and rotations necessary for transition 
between reference frames (from Meilinger, 2008). 

 
This representational network is stored in long-term memory, and several processes 

operate upon this memory storage. These are encoding, reorientation by recognition, route 

navigation and survey navigation. Encoding processes occur either when we encounter a 

new environmental space or when we revisit a familiar environment. We encode and 

construct a new reference frame and its vista spaces when we encounter and operate in a 

new environmental space, and the orientation of the reference frame depends on the view 

from which the vistas are experienced and the geometry of the vista space itself. Also, 

landmarks are important features of the vista spaces as well. As an individual departs from 
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the recently encoded vista space and reference frame, a second vista space corresponding 

to a different reference frame may be formed by the navigator’s locomotion in the 

environment, forming a connection between these reference frames. In essence, this is how 

interconnected nodes of reference frames are created from an initial encounter. The 

continuous updating of the perspective shift establishes a connection and “spatial glue” 

enabling individuals to reorient themselves, by backtracking, if necessary. Perspective shifts 

can also be established between two non-adjacent reference frames through identification 

of shared landmarks of the vista spaces, which is a process that might be more inferential 

in nature, whereas updating through locomotion is most plausibly a more or less automatic 

process.  

 

As a person moves through a familiar environment, already established perspective shifts 

are calibrated and their accuracy are enhanced. This leads to better and more precise route 

knowledge that can be applied more and more automatically, but it might also lead to more 

precise survey knowledge enabling individuals to perform dead reckoning tasks such as 

pointing to a distant destination which cannot be seen from the current location. 

According to NRFT, people with a good sense of direction will form more precise 

perspective shifts and therefore acquire a better survey knowledge of the environment. As 

a person moves about in a familiar environment, the perspective shifts get calibrated, but 

they also get stronger association strengths, and when people travel between reference 

frames, i.e. different physical locations, there is an activation spread between the current 

reference frame and the other reference frames that are connected to it and leads to a goal 

node. The path with the highest activation spread gets, that has most accurate perspective 

shift and is the road most traveled, gets activated the fastest in the network and is hence 

most probably executed. The path chosen is not necessarily the shortest path to the 

destination, but rather is the most familiar one that propagates faster than the unfamiliar 

ones. Meilinger (2008) also describes that people pre-activate upcoming reference frames 

that connects to the previous reference frame, solidifying the perspective shift. Also, this 

makes reorientation by backtracking easier.  

 

One aspect that separates human cognition and animal cognition, although controversial 

and widely debated, is the human ability to imagine and simulate future events (Tulving, 

1985). This ability is an important part of human spatial cognition as well, most certainly in 

terms of spatial working memory capacity. With respect to survey navigation, the NRFT 

assumes that in order to take a shortcut, or point, to a distant location, an individual must 

represent the current reference frame and the reference frame of the destination within one 

integrated reference frame. This interesting integration of frames is assumed to be 

manipulated and represented temporarily within the working memory rather than the long-

term memory. The current vista space may be the surrounding reference frame, if the 

person is not imagining the start and goal frames, and the perspective shift gives 

information about the current reference frame and the imagined reference frame in terms 

of direction and distance between those two locations. Using this information, the person 

imagines the next vista space within the current reference frame and is therefore included 
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in the current reference frame. A third vista space can now be included using the 

perspective shift connecting the second and third vista space reference frames. Now, the 

person can point or take a shortcut from the current location to the distant one. The basic 

unit in spatial orientation is the vista spaces, and this statement is empirically supported by 

various experiments that have shown that a) vista spaces are the largest unit provided 

directly by visual perception, b) they are directly relevant for navigation, c) visibility is 

correlated with wayfinding performance, d) hippocampal place cells are likely related to 

vista spaces and e) people use multiple reference frames in orientation in environmental 

space and not one single reference frame (Meilinger, 2008). The relationship between the 

reference frames takes the form of a network, rather than a hierarchy, although vista spaces 

may be organized in a hierarchical manner within reference frames.  

 

One interesting aspect of NRFT is that it predicts that the perspective shifts connecting the 

reference frames are asymmetric. They point from one vista space to another and are not 

inverted easily. Each vista space is encoded from a specific perspective, and this 

representation is easier to operate upon than to operate on rotated or inverted 

representations of the perspective shift. This is congenial with the term “orientation 

specificity”, where mental representations of visuo-spatial objects are encoded in a specific 

orientation and requires considerable mental effort to manipulate from a different 

perspective. Hence, the asymmetry that NRFT predicts can explain why people may 

choose different paths when wayfinding there and back, even in familiar environments 

(Meilinger, 2008). 

2.1.2 Spatial cognition at different scales and their relationship 
An individual’s spatial ability is traditionally measured using mental rotation of shapes and 

folding of figures either by paper and pencil or through a computerized medium. These 

spatial tasks can be considered small-scaled, as opposed to the large-scaled tasks such as 

navigation in a physical environment. The small-scaled tasks all involve perceptual 

examination, imagining or transformation of small shapes or objects, and less focus has 

been on assessing individual differences in environmental spatial abilities. Do these 

different tasks share the same underlying spatial mechanism, or are they cognitively 

separate processes altogether? Although it seems plausible that they somehow share a 

common cognitive process, whether it is a unitary cognitive ability, partially dissociated 

abilities or totally dissociated abilities responsible for both small-scale and large-scale is 

under debate.  

 

A unitary model basically assumes that the spatial abilities involved in both large-scale and 

small-scale spatial cognition are completely overlapping. A total dissociation model 

maintains that the processes and abilities involved in the respective scale of spatial 

cognition are wholly separate from each other. Most contemporary theorists adhere to 

either a partial dissociation model or a mediation model of spatial cognition (Hegarty, 

Montello, Richardson, Ishikawa, & Lovelace, 2006). The partial dissociation model assumes 

that there is some spatial ability and process that the both scales of spatial cognition rely 
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on. According to the mediation model, the two abilities are completely dissociated from 

each other but mediated by some third ability that mediates the relationship between those 

abilities (Hegarty et al., 2006).  

 

It has been fruitful to distinguish between different spaces, or levels, of spatial cognition. 

For example, Montello (1993) distinguish between the figural, vista, and environmental spaces. 

Figural space is small in scale relative to the body and can be apprehended from a single 

viewpoint. It includes both pictorial and volumetric objects and is the space most 

commonly referred to when one taps spatial abilities of the paper-and-pencil sort (Hegarty 

et al., 2006). Vista space is larger than the body but can be apprehended from a single place 

without appreciable locomotion, such as single rooms or horizons. Environmental space is 

large and includes the spaces of building and cities and typically requires locomotion for 

apprehension (Hegarty et al., 2006). 

 

Neuroscientific findings support the division of different spatial scales by pointing to the 

fact that different cortical regions and structures are activated when processing spatial 

information at different scales. Spatial information at the figural space, such as mental 

rotation, is mostly processed by the parietal lobes (Kosslyn & Thompson, 2003) whereas 

large scale spatial processing is mainly carried out by the medial temporal lobes and 

hippocampus (Hegarty et al., 2006). Moreover, these different spatial abilities seem to be 

dissociated since there have been reports of brain lesions where one scale remain 

unaffected by trauma while spatial ability at the other scales is compromised (Hegarty et al., 

2006). 

 

The above findings render the total unitary model implausible, but are there totally 

dissociated spatial abilities? Findings indicate that there are some weak correlations 

between small-scale and large-scale mental abilities, and a test measuring perspective taking 

mediated the relationship between small-scale and large-scale spatial abilities according to 

Allen et al. (1996), giving support to the mediated model of spatial cognition. Nevertheless, 

Hegarty et al. (2006) conducted a study that tried to find out what spatial abilities, if any, 

are correlated between the different scales of spatial cognition and thereby indicating 

support to one of the models outlined above. After checking for correlations between 

small-scale spatial abilities, such as mental rotation and complex figure test, and large-scale 

abilities - such as sense of direction, dead reckoning and map drawing post-test, they 

concluded that there are some overlapping processes (Hegarty et al., 2006). More 

specifically, small-scale spatial abilities correlated very well with learning large-scale 

environments from visual media. However, there were very weak correlations between the 

same small-scale abilities and learning large-scale environments from direct experience. 

This led them to conjecture that learning from visual media requires a lot of cognitive 

effort, especially concerning spatial working-memory. Locomotion in a direct environment 

gives effortless and automatic sensory feedback from the vestibular and kinesthetic senses, 

as well as motor efference. Visual media, in contrast, does not provide those cost-effective 

sources of information. Visual media provide visual information very briefly, and require 
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that the individual encode that information and hold it in an internal memory store. Spatial 

working memory is a key factor both in small-scale spatial abilities, as well as large-scale 

spatial abilities since environmental spaces cannot be apprehended in a single view, and 

these spaces must therefore be learned by maintaining information over time. While also 

administering a perspective-taking test, much in the same vein as Allen (1996), they failed 

to find any significant indication that perspective-taking would be a mediating variable 

between small-scale and large-scale spatial processes. Therefore, Hegarty et al., (2006) 

conclude that there is some shared variance between the different spatial abilities at 

different scales, independent of general intelligence that was controlled for, and that 

maintenance of spatial representations in working memory and inference from those 

representations are the common factors shared by both small-scale and large-scale spatial 

cognition. In line with their findings, and using a latent variable analysis and a structural 

equation model, they proposed a partially dissociated model of spatial cognition illustrated 

below (Hegarty et al., 2006). 

 

 
Figure 4. Model of the relationship between small-scale spatial processes and large-scale spatial processes (from Hegarty 

et al., 2006). 

 

2.1.3 Spatial Navigation 
Navigation can be broken down into two separate conceptual sub-parts: locomotion and 

wayfinding (Montello et al., 2005). Wayfinding refers to our ability to know where to go 

and how to get there, which is a purely cognitive aspect consisting of planning and 

decision-making. Wayfinding may be seen as the general knowledge of routes, landmarks 

and survey knowledge and the process of deciding and planning on those representations. 

Locomotion is, in contrast to wayfinding, a realtime part of navigation based on perception 

and motor activity. Locomotion requires us to solve problems of immediate nature, such as 

avoiding obstacles and directing the body in the intended direction. The act of navigating in 

the physical environment requires both of these concepts, where locomotion is the 

embodied action of cognitive processes on representations of what exists in the 

environment and where it is. These representations are typically internal to the navigator, 

such as in the long-term memory an individual, but they can also be external 

representations such as physical maps or digital representation on a GPS-monitor. One 
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crucial aspect of navigation is that the navigator is oriented within a reference frame or 

cognitive map. In order to successfully navigate to a desired destination, one must define 

one’s own spatial location within a relevant frame of reference – stay oriented. To orient 

oneself is to situate the ego and frame a navigation problem. Failure to locate the physical 

self within a reference frame or cognitive map leads to the familiar experience of being lost. 

Some people with poor sense-of-direction may experience this disorientation on a regular 

basis (Hegarty et al. (2002). The process of staying oriented during wayfinding is a 

combination of two other processes: landmark-based and dead-reckoning processes 

(Montello et al. 2005). The landmark-based updating involves the recognition of specific 

features in the world, which usually requires the access to internal memory representations 

of those features, but can also to some extent rely on external representations and features 

on maps. Dead-reckoning, or path integration as it is sometimes called, is the monitoring 

and updating process of locomotion in spatiotemporal terms (heading, velocity and 

duration). Orientation in novel environments requires a considerable amount of cognitive 

resources, primarily in the form of attention and working-memory resources. The load on 

these processes is reduced with time and exposure to the environment, which ultimately 

can become automatized. Three environmental factors determine the ease with which we 

can orient ourselves during wayfinding (Weisman, 1981). These are a) differentiation, b) 

visual access, and c) layout complexity. Differentiation is basically how heterogeneous the 

perceptual properties of the environment are. The more differentiated physical 

environment, the easier the orientation process since the environmental features are more 

memorable and distinct. Visual access is the degree to which different parts of an 

environment can be seen from various viewpoints, which obviously enhances orientation 

ability. Layout complexity refers to the relationship between different parts and paths of 

the physical environment. A large building with many corridors with many intersections is 

an example of a complex environment. Montello et al. (2005) also suggest that signage may 

be a fourth environmental factor that determines orientation difficulty. Signs, such as maps, 

represent meaning symbolically in order to aid wayfinding. Well-placed signs can enhance 

orientation ability considerably, as much as badly placed signs can disorient individuals 

(Montello et al., 2005). 

2.1.3.1 Spatial knowledge acquisition during navigation 
So how do people acquire and continuously develop spatial knowledge during navigation? 

The process of acquiring spatial knowledge of the surrounding space has generally been 

called cognitive mapping (Downs & Stea ,1973). This spatial microgenesis includes knowledge 

of certain landmarks and places in the environment as well as the relations, directions and 

distances between them which, as stated in the above section, is acquired through 

locomotion in the environment. Siegel & White (1975) were the first theorists to formulate 

a theoretical framework of how spatial microgenesis is manifested in a novel environment. 

This framework has been widely influential to this day, and has been called “the dominant 

framework” by Ishikawa & Montello (2006), since no other framework has been 

successfully proposed as successor and replacement. Briefly, this framework states that 

spatial microgenesis is sequentially acquired as internal representations in discrete stages 



  

14 
 

(Siegel & White, 1975). These stages correspond to qualitatively different internal 

representations. First, landmark knowledge is obtained, which is the knowledge about specific 

objects and their identities. The second stage is route knowledge, which consists of sequences 

of landmarks and decisions between them, such as a left turn between landmark A and 

landmark B and then a right turn between landmark B and landmark C (Ishikawa & 

Montello, 2006). The final stage in spatial microgenesis is survey knowledge, which is a map-

like representation of the environment that contains metric knowledge about landmarks 

and the general layout of the environment. According to Siegel & White (1975), routes 

need to be interrelated and experienced repeatedly to be metrically scaled and thus 

incorporated into a global allocentric reference system – survey knowledge. These different 

representations will be elaborated upon more in detail in section 2.1.4. This framework also 

contends that the knowledge acquisition is strictly discrete, and that each stage is a 

prerequisite for the next to develop. Although influential, this framework has been 

empirically challenged, most specifically by Montello (1998), where he proposed that the 

development of spatial knowledge in novel environments is more continuous than the 

dominant framework stresses. Additionally, empirical findings by Ishikawa & Montello 

(2006) indicate that metric knowledge develops earlier in the process (can be developed 

immediately for some individuals), and that the spatial knowledge development is thus 

more parallel in nature in contrast to what the dominant framework advocates. The 

development of the different knowledge representations depends to large extent on the 

cognitive abilities of the individual; people with good sense of direction develop survey 

knowledge earlier in the process together with the other representational formats than 

people with poor sense of direction. Thus, one conclusion is that human spatial 

microgenesis do depend on the different representational formats, as proposed by Siegel & 

White (1978), but the process is continuous and parallel in nature and depends highly upon 

the concerned individual, as the individual variances regarding spatial knowledge 

acquisition is considerable (Ishikawa & Montello, 2006).  

2.1.3.2 Strategies in wayfinding 
Although the study of wayfinding strategies is not something entirely new, most studies 

have been conducted in virtual worlds (e.g. Darken & Sibert, 1996), highly controlled lab 

environments or milieus with fixed routes (e.g. Kato & Takeuchi, 2003). For example, 

Darken & Sibert (1996) conducted a study in a large virtual environment with low fidelity, 

and they found that people make extensive use of “Dead reckoning”-strategy during 

wayfinding, which is a term they used to denote the fact that people infer position from a 

past location and constant velocity over time. Also, they found that people prefer to follow 

paths when available, but they did not elaborate on why this was the case more than it was 

“comfortable” (Darken & Sibert, 1996). Kato & Takeuchi (2003) conducted an interesting 

study using a verbal protocol in an urban area, where participants were travelling on a pre-

decided route trying to memorize the layout of the experienced environment. The authors 

found that people with good sense of direction tended to think more in terms of cardinal 

directions than people with poor sense of direction, although no other significant 

differences could be identified between the groups. They also found that people tried to 
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remember specific landmarks along the way as a general strategy (Kato & Takeuchi, 2003). 

Perhaps the most prominent work in this area comes from Lawton (1994; 1996), who 

found that people tend to differ in their self-reported use of strategies during wayfinding, 

and they seem to use one of two general strategies. Typically, an individual prefer to use 

either a route strategy or a survey strategy, where the latter involves spatial reasoning using 

cardinal directions and general spatial relations between geographic reference points – 

which is much in line with the findings of Kato & Takeuchi (2003). The former strategy 

involves the attention to specific instructions on how to get from one place to another 

much in a sequential manner. This strategy centers on a direct route from one place to 

another, often using landmarks and are locally bound, and specific stipulations of where to 

turn left or right at particular landmarks is common. Moreover, Lawton (1994) also found 

that men typically subscribe to the survey strategy category, whereas women tend to use 

that strategy to a less extent and rely more on sequential steps in a navigation problem than 

men. Interestingly, there was also a positive correlation between spatial ability and the use 

of survey strategy. What Lawton (1994) also found was that people using survey strategy 

more readily used official road maps, whereas route strategy users preferred to rely on 

hand-drawn maps; one potential explanation for this curious finding is that hand-drawn 

maps highlight only the pertinent information and routes for the current navigational task 

for the individual (ibid., 1994), and this hand-drawn map may be drawn from an angle 

relative to an egocentric perspective, thereby minimizing the need for thought in cardinal 

terms. One strategy is not necessarily better than the other, and may be equally effective in 

most situations, the survey strategy may be advantageous in situations where an individual 

has deviated from the familiar and specified route, as when a temporary road block render 

the need to find an alternative route (Lawton, 1996). In another study by Prestopnik & 

Roskos-Ewoldsen (2000), they found that the use of a survey strategy was correlated with 

sense of direction. However, their orientation task was not carried out in the actual physical 

environment, but the research participants were told to mentally imagine the navigational 

space, thus rendering their findings and ecological validity rather debatable.  

2.1.3.3 Maps as external aid in wayfinding 
In contrast to “direct” ways of acquiring spatial knowledge, such as through locomotion in 

a physical environment and subsequent encoding of the surrounding environment into 

internal memory, knowledge acquisition from maps and external representations may be 

seen as “indirect” ways (Montello et al., (2004). How do these spatial knowledge sources 

differ, and how does a map represent the environment? Knowledge represented in maps is 

symbolic and mediated, where they transmit spatial information by exposing people to 

external representations of the environment to which they refer. Although there are a large 

variety of maps, with different emphasis of detail and scale, the common denominator is 

that they are symbolic – and iconic to differing degree - representations conventionally 

from a bird’s eye view that are in need of some kind of translation to fit the referred 

environment. This translation from a symbolic or semi-iconic representation to a referent 

(the world) requires a non-trivial cognitive process, and it is not until children reach the age 

of 10 that they fully understand that intentionally assigned meaning overrides attribute 
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resemblance, allowing them to routinely interpret non-iconic map symbols correctly (Liben, 

2009). A map does not only contain symbolic representation of its environment, but is also 

a spatial representation as well. The two-dimensional marks are distributed over a 

representational surface to depict spatial properties of the referent space. A map is an 

artifact that facilitates the acquisition of survey knowledge that in a sense eliminate the 

need for familiarity with the direct environment (Montello et al., 2004). Although maps 

facilitate survey knowledge acquisition, it is not a substitute for survey knowledge gained 

through experience, as a study by Thorndyke & Hayes-Roth (1982) suggest. People who 

have gained a survey representation of an environment from a map show larger pointing 

error than people who have developed a survey representation through locomotion and 

direct experience, and Thorndyke & Hayes-Roth (1982) maintain that this is because of the 

necessary – and psychologically non-trivial – mechanism of translating a vertical 

perspective into a horizontal one. It is also important to consider the orientation of the 

map in wayfinding situations, and to especially pay attention to what direction is to be 

displayed at the top (Levine et al., 1984).  When maps are used outside the context of a 

particular surrounding environment, their orientation is primarily a matter of convention – 

orientations that differ from common convention (e.g. north at the top) do cause 

difficulties in such cases (Montello et al., 2006). When an ongoing navigational activity is 

taking place, however, most people perform faster and more accurately when the top of the 

map is aligned with the forward direction of movement (Montello et al., 2006; Christensen 

& Liben, 2010). This alignment, called “forward-up”, may erase the need to otherwise 

mentally rotate the misaligned map, which is cognitively costly and may lead to 

disorientation (Montello et al., 2006). Nevertheless, Montello et al. (2006) speculate about 

the interesting possibility that fixed alignment of the map may better facilitate using the 

map to acquire knowledge of the spatial layout of the physical environment – forming a 

cognitive map.  

 

While studying map use in healthy adults, Liben et al. (2010) also found that there seems to 

be a dissociation in performance and ability between self-location and self-orientation. Self-

location refers to the ability to accurately locate oneself on the map which corresponds to 

the referent world, whereas self-orientation, on the other hand, refers to the ability to 

calculate directions to target locations marked on a map. Although these abilities are highly 

correlated and performance of either is predictive of performance of the other, 

nevertheless there are cases where people can self-locate with fair amount of precision but 

fail strikingly to find the directions in the world. One contributing factor may be that cues 

about locations that may seem obvious from the map are not necessarily obvious from 

ground-level views, thereby interfering with the translational process between vertical and 

horizontal perspectives (Liben et al., 2010). 

2.1.3.4 Measures of wayfinding ability and their constructs 
There are various approaches to measuring wayfinding ability in individuals. One approach 

is through self-assessment, a category in which Santa Barbara Sense Of Direction Scale is 

included, which has proven to be a valid measure since these questionnaires do, in fact, 
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correlate very well with behavioral and ’objective’ measures (e.g. pointing to unseen 

landmarks) (Prestopnik & Roskos-Ewoldsen, 2000). Another approach is more 

behaviorally inclined, and includes, but is not limited to, distance estimates (Thorndyke & 

Hayes-Roth, 1982), pointing to unseen locations (Kozlowski & Bryant, 1977: Hegarty et al., 

2002), drawing a map of a learned environment (Rovine & Weisman, 1989) and navigating 

in unfamiliar environments (Kozlowski & Bryant, 1977; Lawton (1996). What follows is a 

presentation of four measures of wayfinding ability, and the rationale behind their 

respective inclusion in this presentation is that they are all implemented in the current study 

and methodology. 

 

Santa Barbara Sense of Direction Scale 
The Santa Barbara Sense of Direction Scale (SBSOD) is an instrument for measuring sense 

of orientation, or the awareness of location or orientation. Sense of direction has been 

defined as “awareness of location or orientation” (Kozlowski & Bryant, 1997). This 

instrument is a self-report measure and has been found to predict objective measures of 

these abilities, such as dead reckoning described below, quite highly (Hegarty et al., 2002). 

This instrument was developed by Hegarty et al. (2002) and has proved to be internally 

consistent and has sufficient test-retest reliability. The SBSOD is highly correlated with 

measures of spatial knowledge acquired from direct experience in the environment, and 

Hegarty et al. (2002) has shown that it is related to knowledge that involve orienting 

oneself within the environment. Although self-reports of one’s own cognitive abilities tend 

to be inflated (Kruger & Dunning, 1999), the creators of this self-report maintain that since 

it is highly correlated with other spatial abilities, people must be somewhat truthful in their 

estimations. One plausible reason is that environmental cognitive abilities are exercised on 

a daily basis and that there are real costs in having poor environmental spatial abilities, so 

that people can with great ease recall situations in which they failed in a navigation task. 

  

Dead Reckoning 
This task, which is also known elsewhere as a pointing task, measures individuals’ survey 

knowledge and is also used as an objective measure of wayfinding ability. From a current 

location, a participant is asked to point in the direction of an unseen landmark, thus taxing 

the same ability as if a person was trying to estimate a shortcut between two locations. The 

ability is conventionally measured in azimuth, or bearing, and the degree of error from the 

actual azimuth to the estimated value. Azimuth is an angular measurement in degrees 

between two points along a meridian, such as between a location of interest and true north. 

The direction to true north is 0˚ from which the angle to the location of interest is derived. 

Due to the fact that the angular space reaches from 0-360˚, an individual who approximates 

a direction cannot exceed an absolute error more than 180˚. 

 

Wayfinding Strategy Scale 

The Wayfinding Strategy Scale was developed by Lawton (1994) and is a survey that 

measure to what extent a person depends on strategies relying on survey knowledge or 

route knowledge respectively. The survey contains 14 items of the sort of propositions that 
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participants have to grade the degree of agreement along a 5-point Likert-type scale. The 

survey can be found in the appendix. The use of orientation strategies has been correlated 

with other objective measures of wayfinding ability; the degree of reliance on orientation 

strategies has been predictive of both SBSOD and dead reckoning ability (Prestopnik & 

Roskos-Ewoldsen, 2002). 

 

2.2 Distributed, situated and embodied cognition 
One of the most fruitful developments within the field of cognitive science during the last 

decades is the development of the theoretical frameworks of distributed cognition, situated 

cognition and embodied cognition. Although these terms should be distinguished from each 

other, they do share some basic underlying premises according to Robbins and Aydede 

(2009). The basic foundation is the idea that cognition is not primarily something that 

happens in the isolated brain in any individual, but rather is part of a mutual interaction 

with social others and elements in the environment. The emphasis is that cognitive activity 

is embedded within the environment and one has to take into account the context in which 

the cognizing operates (Robbins & Aydede, 2009). In terms of embodied cognition, for 

example, one may be interested in how the body of an agent shapes the mental 

representations acquired through interaction with the world, thereby grounding symbols in 

activities of individuals and their environment. Without the body, there can be neither 

sensory inputs nor motor outputs in the form of actions of the agent, which has led to 

recent approaches to study cognition from a sensorimotor standpoint (Robbins & Aydede, 

2009). This sensorimotor view of cognition can itself be further subdivided. One not so 

radical approach try to separate the notions of sensorimotor systems and higher level 

cognition by embracing the notions of modal and amodal mental representations. On this 

view, the higher level cognitive processes normally associated with cognition are amodal 

representations taking place at some central processing unit. Contrasting this view is the 

more radical approach that maintain that all processes are grounded in modality-specific 

representations and that higher level cognition is basically constituted by sensorimotor 

processes entirely. Moreover, this view also maintain that the cognitive processes are not 

only causally dependent on bodily processes, but that they are co-constituted altogether 

(ibid., 2009). Although the notion of embodied cognition may be regarded as a radical 

approach, given that the causal dependencies of body and mind are not very metaphysically 

challenging, the approach does not necessarily have to be as radical as sometimes claimed 

(Adams & Aizawa, 2008). This does not make the development itself trivial however, but 

how radical the development will depart from traditional cognitive science remains to be 

seen.  

  

In terms of situated cognition, one of the most prevalent phenomena that noted in the 

literature is how cognitive agents prefer to offload cognitive work into the environment in 

which the agent operates. One prime example is the notion of epistemic actions (Kirsh & 

Maglio, 1994) which can be defined as an action that serves to give the agent certain 

information, which is hard to compute mentally, about a problem. I will refrain from more 
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elaborate discussion on epistemic actions in this section, but will provide more information 

in section 2.2.1 below. The key idea in situated cognition is that there is a positive pay-off 

in externalizing relevant information into the world and pick up on that information when 

needed, rather than construct complex internal models of the world that require costly 

updating (Robbins & Adeyede, 2009). This intelligent information transaction between 

agent and world require embodiment as they involve dynamic real-time interaction with the 

environment. Additionally, Hutchins (1995) points to the fact that this implies that 

ecologically valid studies of cognition should be “in the wild” rather than exclusively in 

laboratory settings.  

 

Hutchins (1995) pioneering work and ethnographical approach to distributed cognition has 

been further developed by Hollan, Hutchins & Kirsh (2000), where they claim that to 

understand cognition we have to study the organization of cognitive systems. Distributed 

cognition is a framework encompassing all of cognition, rather than being a theoretical 

framework studying any specific kind of cognition. According to this perspective, the 

boundaries of the unit of analysis should be drawn where the relevant functional elements 

taking part in a process can be found. This means that sometimes the boundary of the skin 

and skull is the relevant boundary, but more often than not the boundary encompass 

multiple interacting agents and artifacts in a complex sociotechnological system (Hollan et 

al., 2000). And the central hypothesis in the distributed cognition approach is that the 

cognitive and computational properties of systems can be accounted for in terms of the 

organization and propagation of constraints. In the words of the authors themselves: 

 

“The theory holds that cognitive activity is constructed from both internal and external resources, and that 

the meanings of actions are grounded in the context of activity. This means that in order to understand 

situated human cognition, it is not enough to know how the mind processes information. It is also necessary 

to know how the information to be processed is arranged in the material and social world This, in turn, 

means that there is no substitute for technical expertise in the domain under study. This is why participant 

observation is such an important component of cognitive ethnography.” (Hollan et al., 2000, p.6) 

 

The authors continue to give an example of three different ways cognitive processes may 

manifest themselves (Hollan et al., 2000): 

  

 Cognitive processes may be distributed across the members of a social group 

 Cognitive processes may involve coordination between internal and external 

(material or environmental) structure. 

 Processes may be distributed through time in such a way that the products of 

earlier events can transform the nature of later events.  

 

The major consequence of the distributed cognition framework is that the main tool used 

in studying the functional properties of distributed cognitive systems is that of cognitive 

ethnography. Although interest remains in the isolated individual, the theoretical 

framework adds interest of the social and material aspects of meaning making and actions. 
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The ethnographical approach relevant to distributed cognition requires that one studies not 

only the knowledge of individuals but the actions themselves and how they go about 

retaining that knowledge. 

  

2.2.1 Principle of Ecological Assembly 
In the forthcoming section the terms “epistemic actions” and “pragmatic actions” will be 

distinguished and clarified. But for now it bears to mention that epistemic actions are 

strategic actions with the purpose of providing knowledge about a problem without 

moving towards a goal in a problem-solving situation. Epistemic actions are especially 

relevant and interesting from a problem-solving perspective, and may properly be analyzed 

according to the Principle of Ecological Assembly (PEA) briefly mentioned in the 

introduction. As a reminder, the PEA states that “the canny cognizer tends to recruit, on the spot, 

whatever mix of problem-solving resources will yield an acceptable result with a minimum of effort” (Clark, 

2008, p.13). According to this principle, organisms use a set of potentially heterogeneous 

resources assembled on the spot to solve any given problem. One primary element of this 

principle is the indifference - during the assembly process - to nature and distinction 

between neural, bodily and environmental resources except insofar as these affect the total 

effort involved (Clark, 2008). The notion of effort is in the current context of utmost 

interest, since there is no universal operationalization and common denominator 

encompassing all possible activities in which organisms partake. Some activities involve 

perceptual sense-making of highly complex representations, mental calculations of 

arithmetical problems or mental rotation of complex spatial figures. It is not at all trivial to 

juxtapose and make sense of how to trade off one kind of effort like that to another very 

kind of effort, such as head or eye motions that will retrieve the same information as the 

pure cognitive ones (Clark, 2008).  

 
2.2.2 Situated Problem Solving 
The classical approach to problem solving, most notably developed by Newell & Simon 

(eg. Newell & Simon, 1972), maintains that any individual needs to frame a problem in an 

internal representation in order to solve it. This internal representation of the problem and 

its structure is commonly referred to as a problem space. This problem space is, in the 

classical approach, represented as a mathematical graph structure with nodes and links 

representing different states of that problem space in any well-defined problem. This 

problem space contains states such as the current state of the problem as well as the initial 

state and the defined goal state. The problem space also defined the set of possible and 

legal moves. Newell & Simon (1972) used games and puzzles with unique solutions in a 

strict setting where the participants had a clear understanding of what needed to be done. 

The rationale behind using simple games and puzzles is that they are “culture fair” or self-

contained being that no prior knowledge was needed in order to solve the problem. 

Moreover, these problems have very constrained, or legal, moves with a clear problem state 

caused by them and the problems have clear definitions of when it is solved (Kirsh, 2009). 

In the classical theory, a task environment specifies the structure that determines relevant 
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effects of every action that a given agent can perform. Although two people may be faced 

with the same logical puzzle, with identical problem spaces, their differing degree of 

expertise or intellectual ability may render the task environment wholly different since 

reasoning or search may be implicated rather than the problem itself (Kirsh, 2009). Those 

variables do not affect the state of the problem space itself, but is highly relevant to its 

execution. This might be contrasted to actions that are outside or irrelevant to the problem 

solving situation, such as the raise of an eyebrow throughout the problem solving situation. 

And as Kirsh (2009) notes, an individual’s trying out potential chess moves by writing on a 

piece of paper would be classified as irrelevant within the classic approach to problem 

solving.  

 
 

 

Figure 5. Graph representation of the task environment of a Tower of Hanoi Problem and its real life instantiation to the 
right. 

One caveat with the classical approach to problem solving is that it has as its premise that 

the findings from well-defined problems eventually can be generalized to suit ill-defined 

problems as well. This has not been the case, and the fact is that ill-defined problems are 

most prominent in human everyday activity (ibid., 2009). The problem is that there is not 

always a definite answer to a problem, or at least they can be graded on a different scale of 

adequacy. Moreover, this adequacy may be undefined by the agent in the initial stages of a 

problem solving situation, and perhaps this agent has to figure out what constitutes an 

adequate solution during the problem solving process itself (ibid., 2009). Goals, choice 

points and evaluation functions might be undetermined or might be required to be 

developed and learned microgenetically in the course of the problem solving activity. The 

problem is being made up as it is being worked on (ibid, 2009).  

Other limitations of the classical approach to problem solving involve the concepts of 

registration and framing. Framing a problem refers to the activity of actually making sense of 

and defining the problem to be solved, and the classical approach has mainly been focused 

on the search activities when the problem is framed from the very beginning. Games are 

highly framed in themselves, much in contrast with the everyday activities and problem 

solving that people partake in throughout their lives (ibid., 2009). Registration is another 

related concept. Consider a map where you are going from A to B. While looking at the 

locations on the map and finding a proper connecting path is easy enough, translating this 
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information and executing it in the real world is far harder. You have to situate yourself 

relative to the map and subsequently execute planned path. This kind of transduction is a 

registration process (ibid., 2009). Kirsh (2009) emphasizes the interactive nature of 

problem solving, rather than that people do their work in a problem space and then act it 

out in the world. Agents translate moves in the abstract problem space and then act it out 

in the world, receiving feedback and reconfiguring the problem space as they go. External 

representations, such as a map, may be thought of as an abstract problem space, and this 

abstract problem space or representation may be of different fidelity and degree of 

abstraction. The more abstract the search space is, the harder the registration process. In 

the case of navigation with a map, the interactive process of looking back and forth 

between world and map indicates that there is one encoding and one decoding aspect of 

the registration process. Knowing what parts of the representation is relevant for the 

momentary move in the problem space requires framing, and this is how the concepts are 

related. These concepts are not accounted for in the classical approach to problem solving, 

rather the classical approach has focused on the search aspect when the framing and 

registration processes are already done (ibid, 2009). 

When studying problem solving in natural contexts, in line with the distributed cognition 

approach outlined above, findings reveal that individuals are taking part of highly 

interactive processes with resources in the environment in which they operate. This kind of 

activity is not part of the conventional search of problem spaces, and these external tools 

serve as a kind of scaffolds or resources evolved to make problem solving easier (ibid., 

2009). Doing complex calculus and with the help of pencil and paper is a case in point, 

where representational states are generated in the world that can be tracked by the agent 

thereby offloading internal resources. In visual problems, such as chess, the computational 

costs of evaluating the consequence of a certain move can be borne by the visual system in 

a visual representation of the chessboard and its pieces, rather than being entirely 

computed internally.  

In the same vein, in the seminal work by Kirsh & Maglio (1994), the concepts of epistemic 

actions and pragmatic actions are distinguished. Pragmatic actions are actions that, in a 

problem-solving context, advance the state towards the goal in a state space, whereas 

epistemic actions are strategic actions with the purpose of providing knowledge about the 

problem. These epistemic actions do have a cost in terms of superfluous moves that do not 

in themselves lead closer to the goal state, but pay dividends in the amount of knowledge 

gained that exceeds the cost of making the move. These epistemic actions simplify the 

problem solving by offloading cognitive resources. In their own work, Kirsh & Maglio 

(1994) used the game of Tetris and they found that players under time pressure preferred 

to rotate the pieces in the external representation to see if they would fit a hole in the 

puzzle, rather than carrying it out as a mental rotation. These rotations did not propagate 

the problem state towards the goal state, but served as a profitable action anyway and 

served as a knowledge basis on which decisions and conventional problem solving actions 

could operate. These kinds of actions are not accounted for in the classical problem solving 

approach (Kirsh & Maglio, 1994). 
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New generations of problem-solving theories have to account for this kind of highly 

interactive problem-solving behavior, and to see how situated problem solving give rise to 

interesting regularities regarding the tools used and what the purpose behind the actions are 

(Kirsh, 2009). In the same vein as Gibson’s (1979) ecological psychology, problem solving 

could be seen as active, dynamic encounter of possibilities and registration of affordances, 

constraints and invariants (Greeno, Smith, & Moore, 1993). As already mentioned, the next 

generation of problem solving theories should account for how we distribute information 

across external and internal representations, as much as how people use their body and 

gestures to help them formulate ideas and supplement vocalization (Kirsh, 2009). What this 

situated approach to problem solving does is to clarify that in order to have a 

comprehensive theory of problem-solving, there is much more to account for rather than 

just the classical internal search aspect of problem solving. The work done in the classical 

approach is not invalid as such, but there is more to problem solving and we have to 

investigate how the environment provide organization for cognitive activity in general and 

problem solving in particular (Kirsh, 2009).  
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3 Research issues 
The main purposes of the present study are twofold. The primary purpose of this study is 

to investigate in general, using an ethnographic approach yielding qualitative and 

descriptive data, how people navigate in an unfamiliar environment using a physical map as 

an external aid. This approach and purpose is more explorative and hypothesis generating, 

rather than trying to verify or falsify any specific hypothesis, whereas the secondary 

purpose stipulates concrete hypotheses. This thesis rests upon the assumption that 

recruitment of external artifacts in cognitive activities acts as a complement to regular and 

functionally equivalent and neurally instantiated dittos.  

 

The secondary purpose is to see how these identified interactions correspond to individual 

spatial abilities to see if any apparent pattern can be observed and that the underlying 

assumption is valid. Of specific interest is how people interact with the map throughout the 

navigation task, and these interactions and processes are then mapped to individual spatial 

abilities in order to see if any apparent pattern can be observed. One fundamental purpose 

of this thesis is to investigate if individuals, who are less proficient regarding their 

wayfinding ability, will recruit the external artifact – engaging in an ecological assembly 

process - more frequently than more able individuals. More specifically, the individual 

spatial abilities of concern here is dead reckoning ability, score on Santa Barbara Sense of 

Direction Scale (SBSOD), and Orientation score on the Wayfinding Strategy Scale (WFS) 

created by Lawton (1994). It was predicted that individuals who use orientation strategies 

would need to consult the map to a lesser extent than people who primarily rely on route 

strategies are seldom use orientation strategies. Orientation strategies are cognitive 

processes that mainly focus on global attributes, thinking in cardinal directions or using 

allocentric reference frames and relative Euclidean positioning of landmarks. More 

explicitly stated, the current research questions and hypotheses are as follows: 

 

 In descriptive terms, how do individuals interact with the physical map, from a 

situated problem solving perspective, in terms of it being an external representation 

of the environment? 

 Individual spatial ability will predict the probability (P) of engagement in an 

ecological assembly process. 

o Sense of direction, as measured by SBSOD, will predict the degree to which 

individuals engage in the ecological assembly process. 

o Wayfinding strategy, especially individual preference for orientation 

strategies as measured by the WFS, will predict the degree to which 

individuals engage in the ecological assembly process. 
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4 Method 
This chapter will provide more information about the methodology used. The primary 

portion of this chapter will elaborate on the setup of the ethnographical approach, such as 

how the data were gathered and encoded as well as the navigational setting. Also, one 

subsection will present more in depth information on the performance measures used.  

4.1 Cognitive ethnographical paradigm 
This study employed a procedure with inspiration from a cognitive ethnographical 

approach in order to study the use of maps and navigational strategies in a naturalistic 

navigation setting. Thus, traditional methodological tools within ethnography were used, 

such as video recordings, observations and interviews. This field experiment had two 

conditions: a) solitary navigation and b) collaborative navigation carried out in pairs. The 

collaborative navigation condition is part of a bigger research project and is not a part of 

this current thesis and will thus not be further accounted for in this report. The design can 

be considered semi-experimental, since it contains both a field study of the navigation 

behavior and the interaction between agent and map, but the study also applies dependent 

measures that are of particular interest in relation the qualitative data gathered through 

ethnographic means. The navigational setting was the campus area of UC San Diego with 

three different paths; this navigational setting is described further below. One essential part 

of the data gathering, was the use of a verbal protocol throughout the entire session. The 

participants were encouraged to think out loud and verbalize their reasoning and 

navigational process. By employing this procedure, the experimenters were also given the 

opportunity to further probe for interesting phenomena in parallel with the visual 

observations. Performance measures used in this study was a dead reckoning task, which 

was completed five times throughout the primary navigation task, and navigation time 

measured as the time in minutes it took for the participants to reach their goal destination 

from the start location. As a performance measure, we timed each participant from the 

moment that they embarked on the actual navigation task to the moment that they found 

their way to the destination building. Although there were no explicit instructions given to 

the participants regarding that the task was timed, more than that they should preferably 

navigate using the shortest path, we still implemented this measure – navigation time - to 

see whether we could find any interesting relationships with the other measures and 

variables. The respondents score on Santa Barbara Sense of Direction Scale and the 

Wayfinding Strategy Scale was also used. 

 

The current study was conducted over two quarters from winter quarter 2011 and spring 

quarter 2011. During the interim between those quarters, the methodology was altered 

somewhat; most notably, the WFS was introduced and administered only during the spring 

quarter after it was considered an interesting prospect to implement said questionnaire. 

Consequently, the number of participants that were administered the WFS was therefore 

lower (n=10) than the entire sample running the experiment and their constituents as a 

whole (n=16). Although the implications for the validity of the general methodology 

remain intact, the obvious repercussion is that the statistical power is reduced. 
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Navigational setting 
The locale for the current study was the campus of University of California, San Diego. 

The rationale behind using the campus was partly because of convenience, but it was also 

deemed to be representative of any urbanized area. The campus is also sufficiently complex 

and covers a large enough area to be somewhat challenging for a navigator unfamiliar with 

the area. Figure 6 is representation of the campus, while also being the official visitor map 

at UCSD, and is the actual map that was used by the participants in the study. A higher 

resolution version of the map can also be found in the appendix. The primary task of the 

participants was to navigate from a start location to a goal location stipulated beforehand. 

The study used three different paths – or start-goal dyads – and each participant was given 

the primary task to find their way from their start point to the provided goal destination 

using whatever route they wished. The reason why three different start-goal dyads were 

used was simply because two participants were doing the experiment at the same time with 

different start-goal dyads. Thus, when the paired condition was executed it would need to 

have a novel start-goal dyad as well to be truly unfamiliar for each of the participants. For 

example, if one participant navigated along route A and another participant along route B, 

they would be paired up and asked to find their way on path C. Hence, the minimum 

amount of start-goal dyads is three. Each of these are highlighted in Figure 6. These paths 

were chosen and evaluated during a pilot study, where the ambition was to find equally 

hard paths with equally as many salient landmarks and density of buildings throughout the 

area. The second condition is not accounted for in this thesis, but is rather part of a bigger 

ongoing project, but it should be brought to light the fact that three different paths were 

used. These paths were evaluated and chosen to be equally as long and as complex, but 

they were not formally evaluated according to any set criteria. The paths and their relative 

absolute air distance is equivalent, and visual access, complexity and salient landmarks were 

also deemed to be equivalent. By focusing on finding appropriate start-goal dyads that 

overlapped and crossed through the campus center, the environmental features and vistas 

should be as adequately equivalent as possible. 
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Figure 6. Map of UCSD campus area with highlighted starts and goals. This was the actual map handed to the  

 

4.1.1 Coding procedure 
After the data gathering was finalized, the next stage in the data processing was to code the 

video material, which boils down to the identification of relevant phenomena and writing it 

down and structuring it in an excel-sheet, thereby allowing for quantification of said 

phenomena. This formalization process includes a time stamp of each of the participants’ 

behavior, complete with a high-level transcription of verbal actions as well as gestures and 

other bodily actions such as body turns and visual references of the environment. This 

code is a formal narrative organized in a sequential manner according to the temporality of 

the phenomena, permitting a more thorough and quantitative analysis than just observing 

the video material and drawing conclusions of a qualitative nature. An example of how this 

may turn out is provided in figure 7a and 7b. Three experimenters were coding the video 

material, and although no formal kappa value was calculated to establish the inter-rater 

reliability, the experimenters were trained simultaneously and looked at each other’s code at 

the outset and very beginning of the coding to establish a consensus. The coders also 

consulted each other whenever any phenomenon raised any doubts concerning how to 

code it.  
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Figure 7a. The map following coding structure. The videos and the phenomena encountered within them were 

categorized according to the labels featured in the figure.  These registration phenomena were deemed to be part of the 
problem solving process, and could be broken down into tiers (i.e. hierarchical structuring where each subclass adds 

specificity. 

 
Figure 7b. Continuation from above. 
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4.2 Material and apparatus 
The materials used in this study included a map of the UCSD campus, featured above in 

Fig 6, which were handed to the participants and used throughout the navigation task. 

Prior to the primary navigation task, an online survey battery was administered which 

included electronic versions of the SBSOD and the wayfinding strategy scale. Several 

recording tools were used, including the handheld video camera – Canon Vixia HG21 - and 

a head-mounted video camera – ContourHD 1300 LED 1080p Headcam - that captured 

the behavior of the participants. A traditional compass was used to assess the direction 

measured in azimuth during the dead reckoning tasks. The motion pattern of the 

participants was recorded via a GPS – Victory Corp. Columbus V-900 Multifunction GPS 

data logger. The coding was done in Microsoft Excel 2010.  

4.3 Participants 
The participants, N=17, were recruited using craigslist, which is an online ad-service where 

you can put up ads for a certain fee. The participants were all between 20 and 58 years of 

age with a mean of 32.1 years (SD = 13.23) where 8 were female and 9 male. The necessary 

requirements for the participants in order to be included in the study were the complete 

unfamiliarity with the UCSD campus, as well as 20/20 vision – with or without corrective 

lenses or glasses - in order to be able to read the map to a satisfactory degree. The 

participants were also prompted about any medical history that could impair their 

navigation performance. The paired constellations were randomly assigned. After 

completing experiment, the participants were given $10 per hour invested in the study in 

addition to being reimbursed for any parking ticket or bus ticket bought in order to get the 

UCSD campus for the experiment.  

4.4 Procedure 
The study itself was divided into two separate sessions. The first session was a pretest, 

where participants filled out electronic counterparts to the physical instances of SBSOD 

and the wayfinding strategy scale over the internet. The surveys could be completed at any 

time the participants wished from the moment of agreement of participation in the study to 

the day when the experiment session began. The questionnaire was filled out prior to the 

experiment session, which was of vital importance as to ensure validity. If it would have 

been completed after the experiment trial, there would have been a possible risk that 

participants took into account their recent navigational performance, and thus affecting the 

self-assessment. The questionnaires in their entirety can be found in the appendix. The 

experiment session was carried with two participants at a time, and they were told to meet 

up with the experimenters at a meeting point. A consent form was filled out by each of the 

participants, a parking permit was paid for and given to them if needed, and they were then 

told to step into a car for transportation to another location. From this moment on, the 

experiment session had officially started and they were instructed to try to pay attention to 

where they are located in the world from that point onwards. One participant was dropped 

off at one of the marked drop-off locations where they were picked up by another 

experimenter, while the car continued towards another drop-off point with the remaining 

participant. On site of the drop-off point the equipment was set-up, which included 
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mounting the headcam on the participant and getting a stable GPS signal. The participant 

was then told to estimate and point into the direction of the meeting point, the 

experimenter then used the compass to derive the correct azimuth which was then 

communicated to the participant. After been given the correct direction, the participant 

was led non-linearly to the actual starting point of the navigation task. The starting point 

was located approximately 100 meters away, occluded from the drop-off point. Another 

dead reckoning task was performed, where the participants were told to estimate and point 

into the direction of the drop-off point this time, after which it was time to initiate the primary 

task of the experiment session – the navigation task. At this point, the participants were 

given the campus map and told which building they were standing next to at the starting 

point. The participants were given time to find the building on the map, after which they 

were then told what destination they would be finding their way to. In similar manner, they 

were given time to locate the building on the map. Now, they were told to navigate to the 

destination by foot preferably using the shortest path. After any contingent questions and 

uncertainties had been mitigated, and after they had been instructed to try to verbalize their 

thoughts navigational strategies out loud, they were given the signal that it was OK for 

them to begin the navigation trial.  

 

Throughout the navigation trial, the experimenters where filming the participants with the 

handheld camera while at the same time interviewing them according to a stipulated script 

(provided in the appendix), while given the freedom to ad lib when interesting observations 

were made. During the navigation task, the participant where given two instances of the 

dead reckoning-task where the azimuths were jotted down by the experimenter. Finally, 

when the participants reached their destination, they performed one last dead reckoning-

task which concluded the solitary navigation trial.  

 
When the solitary navigation trial had come to an end, they were led to yet another starting 

point from which the collaborative navigation task would be initiated. Two participants 

performed the solitary navigation task in parallel with each other, and met up at a shared 

starting point once the navigation task was completed. In similar vein, they were given 

almost the same instructions as in the first task, where they were given the start-goal dyad 

and told to travel preferably using the shortest path and verbalizing their thoughts, with the 

slight modification that they were told that they would be working together in this task and 

that one was in charge. Of specific importance is the fact that they were equipped with only 

one map, enforcing more collaborative communication and general interaction with the 

map and with each other. As in the trial with the solitary navigation, there were four 

instances of dead reckoning, and this was performed with one participant at a time while 

the other was temporarily blindfolded as not to see the direction in which their partner 

pointed. After reaching the destination the entire experiment was over. They were given 

the opportunity to ask questions and comment on the experiment itself while they were 

taken back to the meeting point and receiving cash for their participation. 
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5 Results and analysis 
This chapter is divided into two main sections – one concerned with quantitative data 

gathered, and the other with qualitative ditto. The first section conveys results and analysis 

concerning SBSOD juxtaposed with different measures. A correlation matrix is provided 

below in Table 2. Strategy formation as gathered from the Wayfinding Strategy Scale 

(Lawton, 1994), and how it relates to various measures and phenomena such as map 

alignments and dead reckoning is also analyzed in that section. The second section 

elaborates and a gives a descriptive account of the interactive and dynamic processes 

between agent and map while executing the navigation task from a situated problem 

solving perspective. One imperative precondition to be included in this study was to be 

absolutely unfamiliar with the UCSD campus. This precondition was explicated in the 

advertisement that was uploaded to craigslist, but could of course not be controlled for in a 

more practical sense. Unfortunately, one research participant had to be excluded from 

further analysis after his prior familiarity with the campus was discovered through casual 

conversation during the test session. 

5.1 Spatial abilities and their relation to map use 
An overview of the results for each individual participant can be found in Table 1, and 

provided thereafter in Table 2 is a correlation matrix that illuminates the descriptive 

relations, represented by Pearson r, between SBSOD and various measures. Of specific 

interest was the interaction with the map whereby an individual try to match – or align – 

the map by physically rotating it in the horizontal plane to fit the physical environment 

which it represents.  This action includes the process of indentifying elements on the map 

that correspond to the world – and vice-versa - and thus register the map. By looking at the 

video material from the headcam in conjunction with the handheld camera, we could 

determine when they aligned the map and count the map alignment frequency for each 

participant. Map alignments were conceptually separated from the broader phenomenon of 

map rotation, where individuals might rotate the map to read labels specified in a vertical 

position, and therefore have nothing to do with the registration process of the map or 

pertinent spatial cognitive process. Whenever the participant looked at the map, no matter 

how briefly, that was constituted as a map consultation. When coding the video material, the 

number of glances and stares at the map was counted to receive a consultation frequency 

of each participant. An ecological assembly process is here equivalent to map consultations, 

and is thusly operationalized. 
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Table 1. Overview of performance measures and variables 

 
 

 

As has been shown previously by Hegarty et al. (2002), there was a significant negative 

correlation between SBSOD and Dead Reckoning Error (r = .-43, p< .05). A weak but not 

significant negative correlation could be seen between navigation time and SBSOD (r = -

.22). As predicted, there was a significant negative correlation between SBSOD and map 

consultation frequency (r = -.52, p< .051). The prediction was also that there would be 

some correlation between SBSOD and orientation score as measured by the WFS; this was 

not, however, the case.  

 
Table 2. Correlation matrix between SBSOD and various measures 

Measure Correlation with SBSOD Significance 

Map alignment frequency r = -.01 - 

Dead Reckoning Error r = -.43 * 

Navigation time r = -.22 - 

Orientation score r = -.02 - 

Map consultation freq. r = -.52 * 

 
To see if we could replicate the findings by Lawton (1994), a comparison between males 

and females on the orientation score was made. As predicted and established in the 

literature, men received a significantly higher orientation score (n = 6,  ̅ = 27.67, SD = 

3.27) than women (n = 5,  ̅ = 23.40, SD = 3.44), t(8) = 2.11, p < .05.  

 

Subject Gender Orientation Score SBSOD-Score # Map Alignments Navigation Time Dead Reck. Err. Tot glances Glances/hour

Subject 1 F N/A 53 3 28 69 40 85,7

Subject 2 M N/A 37 4 15 11 36 144

Subject 3 M N/A 94 8 48 52,33 73 91,3

Subject 4 M N/A 23 4 N/A 131 79 90

Subject 5 F N/A 70 3 13 56 21 96,9

Subject 6 F N/A 70 8 15 21 65 260

Subject 7 F 24 34 10 51 69,33 162 190,6

Subject 8 M 24 74 8 24 49,33 55 137,5

Subject 10 M 28 50 1 22 63 117 292,5

Subject 11 F 20 86 10 58 77,5 190 196,6

Subject 15 F 22 60 5 15 26 75 300

Subject 17 F 22 64 9 25 34,25 98 235

Subject 21 F 29 55 5 24 15 103 257,5

Subject 23 M 25 82 3 15 17,25 31 124

Subject 24 M 31 92 0 14 12,5 18 77,1

Subject 25 M 32 61 4 21 57,66 47 134,3

Subject 26 M 26 74 0 14 12 61 261,4
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Figure 8. Scatterplot of the relationship between Sense of Direction (Y-axis) and frequency of map consultations (X-axis) 

where a significant correlation was found (r = -.52). 

To investigate the existence of any potential difference between people who claim to use 

orientation strategies in contrast to people who primarily rely on route knowledge when 

engaged in navigation, a median split was performed on the sample on the orientation 

score. Thus, two groups dubbed “Orienters” and “Non-Orienters” were acquired between 

which inferential statistics could be performed. Table 3 displays an overview of the 

differences between the groups and on the performance measures. To ensure that there 

was a significant difference between these split groups on the variable at hand, which is 

necessary for a valid comparison when using median split, a t-test was performed. Indeed, a 

significant difference between the groups was found between Orienters (n = 5,  ̅ = 29.2, 

SD = 2.39) and Non-Orienters (n = 5,  ̅ = 22.4, SD = 1.67), yielding t(8) = 5.22, p< .001.  

 
Table 3. Means and Standard Deviations of the Variables between “Orienters” and “non-
Orienters” 

Variable  Orienters Non-Orienters t p 

Navigation time 
(min) 

 ̅ 19 34.6 
1.81 .054 

SD 4.69 18.74 

Map consultation 
frequency (per hour) 

 ̅ 204.56 211.94 
0.15 .44 

SD 93.47 60.25 

Map alignment 
frequency (per hour) 

 ̅ 5.32 16.74 
3.15 .006 

SD 6.17 5.26 

Dead Reckoning 
Error (azimuth) 

 ̅ 32.03 51.28 
1.27 .11 

SD 22 25.9 

 
It was suspected that orientation score would be negatively correlated with dead reckoning 

error, but this was not so, t(8) = 1.27, n.s. Further, one significant finding was that the map 

alignment frequency was lower for Orienters than Non-Orienters, t(8) = 3.15, p <. 01, 

which is a result visualized and made apparent using a scatterplot in Figure 9 below. 
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Figure 9. Strong relationship between orientation score and map alignment frequency (r = -.69, p <.05) 

5.2 Agent and map as ecological assembly 
The project of travelling from one point in the world to another can be formally 

represented as a task environment with a directed graph containing nodes as states and 

links as actions to arrive at said states. With our navigation project in mind, we can define 

the starting-point of any start-goal dyad as the initial state in the graph structure, and the 

arrival goal destination is of course the state that satisfies a goal condition in that space. 

The various navigational actions one can execute throughout this task are enormous in 

quantity, some leading to the desired goal state and some not, and others being optimal and 

some not. 

 
One quintessential feature of human existence is its powerful ability to adapt to its 

environment or exploit environmental features in novel ways. Another quite unique ability 

of humans, at least in its degree and sophistication to which it is used, is its ability to create 

and use tools to aid in various tasks that either enhance the power of the user or allow the 

user to perform an activity with a lower cost either physically or mentally. These actions 

that one can make, either through intelligent exploitation of the pre-existing environment 

or intelligent tool use, all serve to redesign that task environment that the human individual 

has before him. A pictorial map of the surrounding environment can serve as a powerful 

navigational tool that allows a user to navigate in a hitherto unfamiliar environment. 

Without a map, navigation in an unfamiliar environment without any previous established 

reference frame at all or without any known landmarks will at most allow the agent to 

perform a random search for his destination. A map, properly used, can act as an extended 

survey knowledge artifact (Montello et al., 2004), and thus act as a cognitive prosthetic. 

This complementary strategy (Kirsh, 1996) can be exploited and be almost functionally 

equivalent to an internal survey knowledge representation of the environment. One caveat 

that deserves to be raised, while at the same time being a requirement for an agent to 

properly use of the map as such a complementary strategy, is that an agent needs to be 

situated within the world and the map itself in order to further use the map in a 
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navigational activity. This may seem trivial, but is not necessarily so, but requires an 

intricate registration process of the two-dimensional pictorial representation of the world – 

the map itself - and the actual three-dimensional and phenomenological world in which the 

agent is embedded. This prosthetic can only begin to be exploited when referents of the 

world can be interpreted as referents of the map. If we grant the map, for the sake of the 

argument, the status as an extended survey knowledge artifact, we still have to understand 

how the agent interact with the map and what properties of the dynamical interaction that 

allow the agent to situate himself and navigate in the environment. I contend that map use 

facilitates two processes, as briefly hinted above, and these are self-location and navigation. 

Self-location through map interaction is the process of becoming situated, and this requires 

the mapping of referents of the map and the world. Once an agent has established a self-

location through cognitive coupling with the map, it now can begin to iteratively consult 

the map as she goes about solving the navigational problem. An agent could, in principle, 

be able to internalize the layout of the map and then solve the navigational problem 

without external consultation. But as we know, internalizing a perceptually complex 

pictorial representation, such as a map, is not a trivial matter. It is certainly one thing to 

memorize a route representation with a handful of left and right turns that someone has 

depicted for us as a road description, and quite another to internalize a complex pictorial 

representation of a large area from a bird’s eye point of view. But let us grant that someone 

actually prevail in the aspiration of internalizing our campus map. This mental 

representation will, I strongly suspect, fall victim to the orientation specificity phenomenon 

as discussed at great length by Montello et al (2006), rendering the mental representation 

quite rigid and unmalleable. This is where the intelligent cognitive coupling with the 

external artifact come into play, and several interesting phenomena and interactions with 

the map became apparent in this study, which will be further elaborated on below. 

 

The initial move of participants is to situate themselves and make sense of the map and 

find out where they are on campus, using referents in the world and on the map. Once they 

have established a self-location, they begin to form an initial strategy of arriving at the goal 

state and final destination to solve the task and thus frame the problem. As already 

mentioned above, there are different strategies with different approaches, but an initial 

travel plan has to be formed no matter how trivial. Thus, the participants consult the map 

after they have found their self-location and embark on the actual problem solving 

situation. 

5.2.1 Map consultation as ecological assembly process 
Instead of hastily trying to get to the known goal destination from the current known initial 

starting point, and irrespective of sense of direction, individuals consult the map 

immediately to try to figure out a feasible approach to get to the destination. Using the map 

through an ecological assembly process, the participants had to figure out what that feasible 

approach is and determine what makes it a feasible and adequate prospective solution. And 

of course, participants do not only consult the map in the absolute beginning of the task, 

but they consult it repeatedly throughout the course of the navigation task, trying to figure 
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out and reframe the problem as it unfolds. The reinterpretation and reframing of the 

navigation problem is especially prevalent when there is an orientation breakdown, when 

participants have to reorient themselves and try to figure out a new strategy or path in a 

microgenetical manner with new choice points iteratively as they go. In classical problem 

solving, the participants would have framed the problem initially and generated an internal 

problem space and subsequently executed it without further map consultation. When 

people stop walking towards the goal destination and briefly make a pause to look at the 

map, which may happen for many different reasons, what they often are doing is that they 

stop their travel in the task environment in order to gather more information. This may be 

regarded as a “scouting ahead” technique (Kirsh, 1996) that serves to give the agent more 

knowledge of the consequences of its prospective actions. What the agent does is that he is 

investing time and effort into gathering more information, which hopefully will yield a 

bigger net result and thus have greater expected utility than continuing in the task 

environment through use of strictly pragmatic actions. Thus, an agent may stop at an 

intersection in the road to consult the map to see if there may be a better choice points 

coming up that with greater utility. This consulting procedure allows an individual to take 

more control over the environment, and this map consultation is external to the task itself 

so it does actually alter distance between states yielding better navigational performance 

through pruning of the state space. For example, in the following outtake, a participant 

have a planned route to the destination, but on his way he passes another path that seems 

to lead to the destination and goal-state in a more effective manner: He decides to stop and 

invest time to register the map and evaluate this choice-point. When asked why stopped to 

look at the map, he says: 

 

“I'm trying to figure out where this path goes. Because if it heads back up that way it would 

be really helpful. (…) it would get us closer to it. Instead of going all the way around. (…) 

But I'm not exactly sure… I don’t want to get caught in a roundabout.” 

 

The participant discover a physical structure in the environment, a path, that is evaluated as 

a choice-point, which the map as external artifact enables him to do, and consequently 

chooses to travel down that path instead of the originally planned path. This is an example 

of how state space becomes pruned, leading to more effective problem solving behavior. 

This process can be illustrated in the diagram provided below. It is also interesting to note 

that maps are abstractions of the environment, which means that certain elements of the 

world are not depicted and represented on the map. A well-created map has thoroughly 

defined properties and postulated criteria of what is supposed to be represented on the 

map. By discarding irrelevant artifacts and misleading information, the map is “pruned” of 

these distracters which otherwise would pose unnecessarily represented choice points for 

the agent. Thus, the map not only prunes the state space by reducing choice points by 

means of representing them on the map, but also by not representing them in the first 

place. This process is also illustrated in figure 10 in graph (b) below. 
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Figure 10. These graphs illustrates how intelligent interactions between agent, map and environment alter the state space 
of the problem solving task at hand – navigation in an unfamiliar environment. At graph (a), there are cues locally 
available at each choice-point explicitly showing, on heuristic grounds, a unique preferred action, such as signs in the 
environment. Graph (b) shows how certain choice-points are not even represented by the agent. A pre-jigged 
environment, such as roads and streets, allow agents to represent the problem space without concerning oneself with 
unnecessary choice-points. Setting up affordances, limiting and highlighting of certain actions of the environment, is how 
roads and environment can give rise to (b). Graph (c) is an abstraction from (a) where certain decision points have been 
pruned and are impossible to arrive at. By using a map, the problem space is pruned in this manner, but in reality the 
implausible choice-points can be arrived at. As Kirsh (1995) points out, in the real world we often find varying degrees of 
these (from Kirsh, 1995). 

The process of map consultation is thus very profitable in physical and straightforward ways, 

as described above. But map consultation and dynamic interactions with the map may also 

facilitate performance in more cognitive terms, which will be further clarified below.   

5.2.1.1 Increasing the cognitive congeniality using the map 
During the study, participants often initiated actions that can be regarded as epistemic 

actions and complementary actions. These actions leave the state space entirely intact, but 

reduce the number and cost of the mental operations needed for task success (Kirsh, 1996) 

and thus have profitable cognitive effects on the navigator. The difference between 

epistemic actions and complementary actions is subtle, but an epistemic action leads to 

epistemic states that an agent could have otherwise arrived at himself, albeit with more 

cognitive effort, whereas complementary actions are external actions that interleaves with 

other mental actions in parallel (Kirsh, 1996). Both of these types of actions serve to make 

the environment more cognitively congenial. Cognitive congeniality is a term that denotes how 

cognitively hospitable an environment is (ibid, 1996). One such action that reduces the 

cognitive load on the agent, which occurred frequently throughout the study, is that of map 

alignment. To align the map, and aligning the properties of the map with the properties of 

the world, may be familiar to almost everyone and is regarded as a common strategy in 

navigation (Liben, 2009). In this study we could identify two different kinds of situations 

when people rotate the map. In general, when people are uncertain of their whereabouts 

but have some approximate sense of where they are, they can rotate the map using 

landmarks in the environment, aligning the iconic representations of the pictorial two-

dimensional representation of the world with the real world referents, thereby verifying their 

insecure beliefs about their location and making them situated in the world. This 

registration process often required two landmarks for the participant to able to situate 

himself. The topological relationship between two landmarks and the agent might be a 

sufficient triad of elements for the navigator to able to self-locate through triangulation, 

and the map can be used as a tool for reassurance of self-location. Individuals also tended 

to prefer to have one landmark in the back and one landmark in front of them when they 

were self-locating. Perhaps with having one landmark in the back and one in the front, you 
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can draw a straight line between all three elements of the triad whereas if you have two 

known landmarks in front of you – one to the left and one to the right in your vista – you 

have to actually triangulate using angles between elements in the triad – a much more 

complex geometrical computation. 

 

Even when participants know their relative position in the world and on the map, 

epistemic actions in the form of map alignments are still very prevalent. During locomotion 

in the environment, participants occasionally used the map to figure out whether they 

should take a left or right turn at a certain choice point or intersection. Thus, they aligned 

the map in a “forward-up” position, using a term from Montello et al. (2006), and hence 

facilitating the registration process from a survey knowledge representation to a route 

knowledge inference. The inference of taking left or right could certainly be carried out by 

studying the map in a non-aligned position, but this mental calculation is hard to perform 

and is more error prone as shown by Montello et al. (2006) and Christensen & Liben 

(2010). Map alignment can be regarded as an epistemic action since the participants could 

have done the rotation as in any type of mental rotation task, but by rotating the map 

instead the navigator restructures the environment in order to improve the speed and 

accuracy of the otherwise completely mental process. As such, the choice of rotating the 

map can have cognitive savings as well as having more physical payoffs as discussed in the 

previous section where you can use the map as information-gathering tool. These actions 

are the result of an internal cost-benefit analysis, just as the map consultation action, which 

goes for the ecological assembly process as a whole. For example, the external and physical 

rotation of the map is deemed to cost less in terms of mental resources than doing the 

rotation of the internal representation of the map.  

 

Nevertheless, there was no single case of an individual actively trying to align the map 

indefinitely throughout the entire navigation task. At some point or another, individuals 

wanted to consult the map in a “north-up” position no matter how rotation-prone they 

were otherwise. It is the author’s contention that this may be so because the participants 

have a rudimentary mental representation of the map and the world that they are in the 

process of developing. For example, prior to the navigation task the participants are 

handed the campus map that is organized in a north-up position, as are most conventional 

maps, where labels are aligned accordingly. When they first study the map and situate 

themselves and find their goal destination, they have probably created a rudimentary 

mental representation of the spatial layout of the map. It seems plausible that this mental 

representation is highly malleable and prone to evolution through iterative interactions and 

encoding phases. This would be much in line with what Montello et al. (2006) also 

suggested in a speculative manner – that a fixed map enhances cognitive map formation 

with an emphasis on survey knowledge acquisition and incorporation. 

 

Another frequent action that participants executed quite early in the navigation process was 

that of folding of the map. When the participants have framed the navigation problem, of 

how to get from A to B, they infer from the map what parts of it are relevant, necessary or 
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superfluous altogether. The start location and goal destination are deemed necessary to 

have in view at all times in combination with the preferred route, making those elements 

boundaries of an optimal interface. Participants conclude that superfluous external space 

not within those boundaries may be discarded, thereby reducing perceptual cluttering. 

Thus, by folding the map in half or a quarter of the original size and scope, individuals 

simplify the interface in order increase overall performance through simplification of 

perception. As one participant mentioned, after she was asked why she folded the map: 

 

“Well, I'm just trying to zone in on my route…'cause it's a big map (…)” 

 

Similarly, another participant was asked why she folded the map, and she explained that she 

discarded parts of the map that she had traversed across in the world, and that the 

corresponding part of the map was of no use. In her own words:  

 

“ [I discarded it] because I didn't need this side anymore.” 

 

She was also asked how that was helpful in any way, and quite intuitively and as one might 

expect, she answered: 

 

“Yes. Less clutter. So I'm not gonna look at other stuff that's gonna distract me from the 

actual destination, it's just the section I'm in now.” 

 

In this vein, participants eliminate irrelevant distracters that are of no importance 

throughout the navigation problem. This reduces the complexity and enhances the 

registration process between the external representation, the world and internal 

representation. It is a kind of rearrangement of structure that facilitates or simplifies 

perception and thereby making it easier to find elements within the representation relevant 

for the registration process. By folding the map, the participants are initiating actions that 

give them more time to find and elaborate at choice points during the navigation problem, 

and simply make the map easier to read and use as a part of the cognitive repertoire.  

 

Increasing cognitive congeniality: The map as anchor for Projection and Marking 

As already mentioned in the previous section, one of the first things a participant does is to 

self-locate in the world and the map and thereby establishing an initial state from where the 

navigation problem is solved. What many participants choose to do is to use their thumb, 

often the same thumb they use to grasp and hold the map, to mark their current location. 

These frequently occur already at the outset when they plan a travel route from the start 

location to the destination, but is also a very common phenomenon throughout the entire 

navigation session. The main purpose of this symbolic marker is to simplify perception, and 

in the end simplify registration and choices throughout the task. Although the typical 

purpose of this marker is to enhance the perceptual saliency of the current location, 

participants also used marking on the map as a kind of reminder of where to make a turn in 

the environment, so when they traveled in the world and they saw on the map that they 
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had arrived at this marked sub-goal, or waypoint, they got reminded that this prompts for 

an important decision point as a type of prospective memory cue. Additionally, the 

destination was frequently marked as well with the opposite thumb, allowing for on-the-fly 

comparison of their current state in relation to the goal state. These markings do not only 

act as perceptual aids, but also offloads internal memory in the sense that participants do 

not need to keep an internal record of their current location and update that location in 

internal memory to the same extent, thereby externalizing state information.  

 

These markings are but one type of epistemic actions that participants had in their 

behavioral problem solving repertoire, but these strategic markings are often used in 

conjunction with aforementioned complementary actions and epistemic actions. For 

example, many participants used marking, map folding and map rotation concurrently for 

overall performance enhancement or cognitive congeniality increase. One participant, for 

example, used map rotation extensively throughout the navigation task, and while travelling 

along a road with the map in a forward-up position, she looked at the map to see where she 

was on the road and subsequently marked it on the map before looking up in the world to 

see where in the vista she was supposed to turn, and then returning her gaze to the map 

and to the marker used as self-location cue. This illustrates an instance of the project-create-

project cycle (Kirsh, 2009). The first stage of this cycle is projection. Projection can be seen as 

an element along a continuum between two ends of a spectrum, where at the one end we 

have pure perception, and at other end we have mental imagination. Projection lies in the 

middle of this continuum, where the difference among them is stimulus dependence 

(Kirsh, 2009). Perception, for instance, is very dependent on some physical stimulus that 

exists in the world, whereas imagination on the other hand is an internally generated 

representation that is very independent of a physical stimulus. Projection is somewhere in 

between these two extremes, and makes use of both external structures in the world and 

internally generated representations much like a purely organism-instantiated augmented 

reality. In this case, the map is the external structure on which self-location can be 

projected. The map is initially used as a material anchor (Hutchins, 2005), on which the self-

location is projected throughout the navigation task. This way, the navigators are 

augmenting what they see by projecting possibilities in the form of internally generated 

markings, much like when chess players or go players ponder about what moves are 

feasible in a given board position. The process of projecting these neurally generated 

“augmented reality” elements are cognitively costly, which is why there is a ‘create’ state in 

the project-create-project cycle (Kirsh, 2009). Thus, internally generated markings, such as 

self-location, are externalized by physical markers – a thumb, finger or any other physical 

marker – which then frees up cognitive resources that may be used to further project new 

possibilities, thereby propagating a new project-create-project cycle (ibid, 2009). The 

externalization process transforms the mental structure into epistemically useful structure 

in the environment, and these externalizations always serve an epistemic function (ibid, 

2009) by releasing some spatial working memory resources and replacing it with perceived 

structure.  
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5.2.1.2 Map consultation and intelligent exploitation of the environment 
Darken & Sibert (1996) investigated navigational strategies in virtual environment, and they 

found that people tend to prefer paths and roads while traversing in the environment. After 

debriefing the participants in their study, it was brought to light that the reason for the 

preference is that it was “comfortable” to navigate along paths. Correspondingly, this 

seemingly obvious finding is here documented as well; people prefer to navigate while 

walking along roads - and preferably big main roads by UCSD campus. At the same time, 

they prefer to walk along straight paths rather than curved paths or taking paths with many 

turns. Paths do not need to lead exactly to the destination, as long as it leads partially in the 

same direction for a while. One participant said that she wanted to follow Gilman Drive 

for as long as possible and then take a perpendicular left turn. Even though it is suboptimal 

to take a path, it is worth it in terms of complexity. As the same participant revealed: 

 

“I’d rather stay on the main road as long as possible instead of going through buildings”. 

 

Another participant, quite illustratively, elaborated on a related note on the fact that angular 

and straight paths were preferable: 

 

 “…I don’t like diagonals…” 

 

This interesting statement was not followed-up by a probing question, but one tentative 

albeit plausible interpretation is that perpendicular turns according to set paths allow 

individuals to more easily track their self-orientation with respect to cardinal directions, 

which has also been proposed by Gärling, Lindberg, Carreiras, and Böök (1986), where 

urban street grids are anchor points indicating discrete cardinal directions. When people 

travel on big, straight roads, they often put down the map that had otherwise been held 

firmly in front of them hitherto. Although it seems obvious that we prefer to travel along 

paths in terms of both navigation and comfort, what is it that makes it easier to navigate? 

By traveling on roads, navigators can free up attentional and working memory resources, 

since they do not have to continuously update the sense of direction and self-location 

through locomotion, but is done automatically by the environment. According to one 

participant: 

 

“We are gonna go down this hill…and loop around Warren College…so again I don’t really need to pay 

attention…because that’s the direction we wanna go and once we get a little further around that building 

then I’ll start looking I’ll start to pay more attention” 

 

 As long as individuals are traveling on a road, they are moving in the right direction and 

can therefore put down the map and pay no attention to it and have no need for 

registration at the moment. Participants sometimes single out distant landmarks further 

down the path, and decide to pay no attention to where they are until they get there. When 

they get to the landmark, they update their reference frame and the vista space by locating 

themselves in the world and in the corresponding symbolic representation on the map in a 
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registering process. The physical landmark can rightfully be seen as a prospective memory 

cue, allowing the individuals to offload cognitive resources until they are needed and cud 

for. The roads in the world act as a compensation for the mental effort otherwise needed 

for self-location and perspective shift creation. One participant counted the number of 

intersections on the map she was supposed to pass by before taking a left in an intersection 

of choice. By counting the intersections as she walked, she didn’t have to pay attention to 

her spatial location, but simply keep track of the discrete entities of intersections.  

 

Perhaps one can regard path and road preference as a kind of action that decreases the 

variability of the environment through exploitation of pre-structured environments in 

world. Thus, it decreases the perceptual degrees of freedom and simplifies choice by 

pruning a decision tree, rendering some choices superfluous. This would correspond to 

graph (b) in Figure 10. By following a road, you do not have to pay attention to the 

overwhelming navigational choices that surround you. Paths may be considered as a pre-

jigged information structure that highlights certain affordances and hides other irrelevant 

affordances. Without the road and while located on open ground, individuals would be 

overwhelmed by the navigational affordances and choices of the environment, where every 

moment in time is a part of an enormous spatiotemporal problem space where one had to 

keep track of the problem state and one’s sense of direction would be taxed. Although path 

taking cannot readily be categorized as either pragmatic or epistemic action, it is an 

intelligent use of space and is a clever exploitation of a pre-structured environment.  
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6 Discussion 
This chapter will analyze and discuss the findings provided in the preceding chapter. The 

descriptive account on how map interaction can be analyzed from a situated problem 

solving perspective was provided in section 5.2, and the aim in this chapter is mainly to 

analyze that data vis-à-vis the quantitative results. This is done in section 6.1 below, and is 

followed by an elaborate discussion on future inquiries in section 6.2. 

6.1 Results 
The primary purpose of this thesis was to investigate the dynamic interactions between 

agent and map during navigation in a natural setting from a situated problem solving 

perspective. The data were analyzed qualitatively using an ethnographic approach with 

situated problem solving as analytical paradigm, and as can be seen in section 5.2 this was a 

fruitful approach that revealed interesting phenomena with regards to the intelligent use of 

the map as a navigational tool that mainly served to compensate and improve cognitive 

congeniality of the milieu in which the agent operated. The secondary purpose of this 

thesis was to analyze the descriptive findings in relation to different individual spatial 

abilities and performance measures gathered that could predict the probability of external 

recruitment (i.e. ecological assembly process). Additionally, it also examined whether we 

could replicate already documented findings from Lawton (1994), regarding the preference 

difference of wayfinding strategies between men and women, as well as to investigate 

whether SBSOD was correlated with dead reckoning ability. This was done to ensure that 

the methodology employed in the current study was, prima facie, valid. As such, these 

inquiries were satisfactory as they indeed replicate the significant findings by both Lawton 

(1994) and Hegarty et al. (2002). 

6.1.1 Sense of direction predicts ecological assembly process 
A hypothesized, individual navigational ability did indeed predict the probability of 

ecological assembly, or use of external aid and scaffolding.  SBSOD is defined as the ability 

to carry out tasks characteristic of the environmental scale of space, and thus to navigate in 

that scale of space (Hegarty et al., 2002). According to Sholl (1988), sense of direction is 

related to the ability to mentally update self-to-environmental-object interrelations, and that 

this ability would be implicated in using a map for navigation. Thus, it was hypothesized 

that SBSOD would be negatively correlated with amount of interaction with the map. This 

hypothesis rested on the assumption that external epistemic actions and complementary 

actions are initiated as compensatory actions where internal resources do not suffice and 

hence “leak” into the environment as a kind of extended cognitive process or ecological 

assembly, using Clark’s (2008) terminology. Thus, individuals with good sense of direction 

would not need to recruit this external representation of the environment as a complement 

to their inner abilities to the same extent as their counterparts with lower sense of 

direction. Indeed, there was such a negative correlation between SBSOD and map 

consultation frequency (r = -.52, p<.05), although there was no significant correlation 

between SBSOD and map alignments (r = -.01, n.s.). But what skill is actually reflected by 
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SBSOD that causally relates to the reduced need to consult the map? Sholl’s (1998) 

speculation gives us a clue, and these behavioral results add further to the picture of the 

skill that is reflected and why it would necessitate a higher frequency of external map use. 

Recall the concepts and scales of spatial cognition first proposed by Montello (1993); 

spatial cognition operates on three different levels of space: figural, vista and environmental 

scale of space, mainly differentiated by magnitude and how much locomotion that is 

required to apprehend respective scale. Moreover, Sholl (1988) suggested that sense of 

direction refers to the ability to ‘mentally update self-to-object interrelations’, which means 

that people with poor sense of direction would have trouble to mentally coordinate 

egocentric and environmental frames of reference. This entails that people with poor sense 

of direction would be impaired in incorporating or aligning imagined or anticipated vistas 

into an accurate survey representation - a cognitive map. It is the current author’s 

contention that this mechanism is related to the alignment of the physical map to the 

environment. Situating oneself with the help from a map tax the ability to translate the 

pictorial representation into a vista and the other way around. Granted that Montello’s 

(2004) suggestion is correct - that maps might be considered external survey knowledge 

artifacts – together with Thorndyke & Hayes-Roth’s (1982) assertion that knowledge from 

maps and their internal representations are isomorphic depictions of the physical maps, it 

would be plausible to assume a functional equivalence in how egocentric and 

environmental frames of references are mentally updated. Further, I suspect that the very 

interpretation of the map relies on a encoding that requires imagination of a probable vista 

that depends on the pictorial configuration of the elements on the map creating a kind of 

anticipation of vista-layout. This process is of course reversible, where decoding of a 

current egocentric vista needs to be translated into a fitting pictorial representation, 

resembling an allocentric, internal survey knowledge representation. As individuals move 

around and navigate with a map to their aid, they must constantly mentally update their 

egocentric perspective and realign their current view with the map in a continuous 

interactive process and keep track of where landmarks and objects are relative to each 

other. It does indeed seem suggestive that this updating is one factor that is implicated in 

individuals with poor sense of direction. This fits nicely with the current empirical data, 

where individuals with poor sense of direction need to consult the map and invest more 

time in interpreting it, (i.e. registering the map) and updating and translating their 

egocentric perspective to the map and vice-versa. This conjecture is sympathetic with Sholl 

(1988), but one should be careful in drawing definite conclusions since more empirical 

work is needed to either give support or falsify the above elaboration. Nevertheless, what 

can be definitely ascertained is that estimating the probability (P) of external recruitment in 

any given situation, is that individual ability at any given cognitive task (A) is one important 

variable. Moreover, this study shows that A is a continuous variable given increasing weight 

as ability is improved, decreasing the value of P.  

 

Calculating P probably involve various factors, where A is but one them, that probably 

include, but is not limited to, physical cost of recruitment (PC), cognitive cost of 

recruitment (CC), expected utility of recruitment (EU), problem complexity (X), individual 



  

45 
 

risk-aversiveness (RA) etc. Thus, to predict external recruitment one needs to take into 

account several factors, and to establish their relative importance in calculating P is not 

trivial, if at all calculable. Futures studies will have to investigate this inquiry more closely. 

 

There have been indications that SBSOD would correlate with the use of survey strategies 

(e.g. Prestopnik & Roskos-Ewoldsen, 2000), and while it seems perfectly reasonable that 

this would be the case, in our study we failed to find such a relation. Moreover, the 

aforementioned authors also found that SBSOD predicted wayfinding ability, in terms of 

speed and accuracy to which participants could point to a non-perceivable visual 

destination. This would be, in our task, equivalent to the dead reckoning task. And while 

Prestopnik & Roskos-Ewoldsen (2000) relied on a mentally imagined wayfinding task, we 

have behaviorally shown that SBSOD is indeed predictive of dead reckoning ability. 

However, in the current study, wayfinding ability was not operationalized in terms of how 

well one performs on a dead reckoning task, but rather how quickly and efficiently one 

navigates from a start location to a destination in a natural setting; this might be more 

favorable in terms of ecological validity. In addition, the construct of wayfinding 

encompasses the element of self-motion and locomotion in the environment giving rise to 

proprioceptive and vestibular feedback (Montello, 2006); hence, operationalizing 

wayfinding ability in terms of some ability devoid of any locomotion is rather debatable. 

The notion of wayfinding ability was in this study not predicted by SBSOD score, although 

a weak negative correlation was observed (r = .22 n.s.). Rather, it seems that use of 

orientation strategies is a more predictive variable, and although we failed in finding a 

significant result, there was a clear tendency and the difference between the means was 

suggestive ( ̅ = 19 vs.  ̅ = 34.6). The sample was too small and the variance too high to 

able to make a definite conclusion about this relationship. The same observation can be 

made between dead reckoning error and use of orientation strategies; the difference 

between the means was high, but again the variance and sample size was a limiting factor.  

6.1.2 Orientation strategy predicts map alignment 
It was also predicted that individuals who use orientation strategies would need to consult 

the map to a lesser extent than people who primarily rely on route strategies and seldom 

use orientation strategies. Orientation strategies are cognitive processes that mainly focus 

on global attributes, thinking in cardinal directions or using allocentric reference frames 

and relative Euclidean positioning of landmarks. In other words, use of orientation 

strategies is the preference for survey knowledge representations during wayfinding since 

orientation strategies have been called survey strategies elsewhere (Prestopnik & Roskos-

Ewoldsen, 2000). It has also been suggested that use of orientation strategies are correlated 

with wayfinding ability (Lawton, 1996; Prestopnik & Roskos-Ewoldsen, 2000), and thus 

might plausibly be assumed, like sense of direction, to be a predictor of map consultation. 

This was the initial hypothesis, but was refuted since the analysis of variance suggests that 

no difference between the groups exists. Nevertheless, use of orientation strategy had 

interestingly an inverse relationship with frequency of map alignment. Curious as this may 

seem, there may be a quite evident explanation for this. Using a map requires a 
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correspondence between the two-dimensional pictorial representation – the map - and the 

environment in which the agent is situated. First of all, it has been suggested that using a 

misaligned map requires a rather cognitively demanding mental rotation of the map to fit 

the world (Liben, 2010). Second of all, remember that a map can be seen as a physical 

instantiation of survey knowledge, which have prompted Montello (2004) to suggest this 

artifact as extended survey knowledge. Thus, people who are less proficient in their use of 

orientation strategies might have an easier time when navigating using route knowledge – 

route strategies. By aligning the map with the world, an individual puts the map in a 

position as to put the map in “route mode”, where it is easier to register the map and find 

where elements in the world in a more horizontal perspective. For example, by projecting 

and marking the self-location on the map, followed by subsequent map alignment, 

enhances the agent’s ability to think and interpret the map from an egocentric perspective, 

enabling the individual to think in terms of left and right and counting upcoming 

intersections and the like. Map alignment can thus be seen as an epistemic action, simply 

because one rotates the map physically rather than mentally in order to free cognitive 

resources. But with the use of orientation strategies in mind, however, the reason for 

alignment is more likely due to the fact that people who are not as proficient at applying 

survey knowledge and thus manipulate the map as to interact with it in another mode – 

route mode. Some prospective follow-up questions arise after this soliloquy; it would be 

interesting to investigate the relation between the following variables: “Non-Orienters”, 

frequency of map alignments and mental rotation ability. Mental rotation refers to the 

ability to mentally rotate mental representations of two-dimensional or three-dimensional 

figures (e.g. Shepard & Metzler, 1971). A future inquiry of this sort would answer whether 

people who tend to align the map to match the environment do this as a complementary 

action in order to make up for their lacking mental rotation ability. If mental rotation ability 

and spontaneous map alignments are proven to be dissociated, then the alternative and 

suggestive deduction is that it would seem that individuals might align the map in order to 

put the map in a “route mode” to fit their subjective wayfinding strategies and preference. 

6.1.3 Ecological assembly process and mode of operation 
Taken together, these findings indicate that the underlying assumption, that recruitment of 

external resources or scaffolds can be explained in terms of it being a complementary action, is 

a viable one. These actions arise and are initiated in order to compensate for the lacking 

individual internal resources for which the external resource is functionally equivalent. One 

should be careful, however, in drawing the conclusion that recruitment of external 

resources and scaffolds are, ceteris paribus, the result of lacking individual cognitive capacity. 

There are obviously instances where recruitment of external cognitive resources is a result 

of cognitive “laziness”, risk-aversiveness and anxiety, or simply personal preference of 

carrying out a task accompanied with a tool. Just because the fact that an individual 

consults a calculator when engaged in everyday arithmetic, say multiplying two two-digit 

numbers, does not necessarily mean that said individual cannot make that operation in his 

head. This is where cognitive resources versus time and effort enter the equation and the 

separation between epistemic actions and complementary actions, as distinguished by Kirsh 
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(1996) are made. In this study, it can be deduced that probability of ecological assembly 

process can be predicted by the very ability that the artifact is supposed be an extension of. 

In addition, map alignments and map consultations are not something that substitutes an 

otherwise insufficient internal cognitive ability of the individuals; they could have aligned 

the map internally in the head, but with a more cognitive cost. Rather, these actions and 

recruitment of external resources are complementary actions. Sense of direction predicted 

the probability of ecological assembly – when the ecological process is initiated from the 

aspect of temporality. Orientation strategy did not predict probability of ecological 

assembly, but interestingly it did predict how it was used in terms of mode of operation – 

they preferred to use the map in an aligned position. The exact causal mechanism behind 

the preferred mode of operation is speculative, as suggested above, and remains to be 

investigated. 

6.2 Future research 
The relationship between individual spatial abilities, i.e. sense of direction, and 

compensatory actions, i.e. map consultations, have been illuminated in the present study. 

Furthermore, this is one piece of a bigger puzzle – to unveil the mechanisms behind the 

probability of an agent’s engagement in an ecological assembly process. Much remains to 

be investigated, however, since it certainly is an ambitious endeavor to try to quantify the 

internal computations saved in any given assembly process. One approach that might give 

some clues regarding that issue and in the current context of navigation, would be to 

conduct a study where Non-Orienters, with an avid preference to align the map in 

accordance to the surrounding environment, would be tested in a within subject design 

where in one condition they were not allowed to align the map at all, and in the other 

condition they were allowed to align as much as preferred. The resulting performance 

difference would be interesting to observe with respect to internal computation savings, 

and would perhaps shed further light on the probability function. 

 

When an agent is consulting the map, he acquires a potential anchor to where projections 

can be made. Perhaps skilled individuals, with good SBSOD, do not need an external 

structure or anchor to project information onto, but might have good and sufficient 

internal resources to imagine an internal map and the self-location. It is not unlikely that 

individuals who do not need to consult the map or align the map, have a good “imagery” 

ability defined as the aptitude of keeping “a mental representation of a nonpresent object 

or event” (Solso, 1991, p.267). Thus, it would be interesting to investigate whether people 

with good sense of direction have better projection abilities.  

 

The current author have proposed, with the current results in mind and congenial with 

Sholl (1988), that sense of direction refers to the ability to mentally update self-to-object 

interrelations and thereby coordinate egocentric and environmental frames of reference. 

Given the proposed mechanism, in section 6.1.1, behind this and the subsequent need to 

engage in ecological assembly process, this will render a testable hypothesis. By comparing 

the concept of sense of direction with the concept of perspective-taking, which involves 
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imagining an imagined perspective from an object in an environmental reference frame, 

one would get further support or falsify the claims made about the mechanism behind 

sense of direction and need for map consultation.  

 

As has already been hinted at in the foregoing section, an interesting research possibility is 

to investigate explicitly if people who tend to align the map to match the environment do 

this as a complementary action in order to make up for their lacking mental rotation ability. 

If mental rotation ability and spontaneous map alignments are proven to be dissociated, 

then the alternative and suggestive deduction is that it would seem that individuals might 

align the map in order to put the map in a “route mode” to fit their subjective wayfinding 

strategies and preference. 

 

Another intriguing prospect is how knowledge and interaction with a physical map can be 

accommodated within contemporary representational theories of spatial cognition, such as 

the network of reference frames theory proposed by Meilinger (2008). The framework is in 

its developmental infancy, and Meilinger himself has conceded that he has not yet taken 

into account how people incorporate knowledge extracted from maps. The general outline 

of his framework is an interesting synthesis of graph representations and cognitive maps. 

For example, it would be interesting to investigate how expectations of the environment 

gained from maps can be regarded as some kind of prospective vista spaces, and how the 

environment and roads therein together with and choice-points pruned with the map can 

be conceptually juxtaposed with perspective shifts. The phenomena and results from this 

study are prima facie congenial with NRFT, and it remains to be investigated more rigorously 

– both conceptually and empirically – how map use can be incorporated with Melinger’s 

(2008) framework.  
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7 Conclusion 
Several instances of how a map increases the cognitive congeniality of the navigation 

process were found and how different actions and their mechanisms prune the internal 

problem space of the agent. Moreover the initial predictions were also confirmed; 

individuals with poor sense of direction needed more cognitive scaffolding and offloading 

by map consultation and were thusly more prone to initiate in an ecological assembly 

process. This also gives empirical support to Scholl’s (1988) suggestion, while the current 

author elaborated further on this mechanism giving further explanatory power. Another 

interesting finding was that people who do not rely on orientation strategies tended to align 

the map in accordance to the surrounding environment. One interpretation is that by 

aligning the map with the world, an individual puts the map in a position as to put the map 

in “route mode”, where it is easier to register the map and find where elements in the 

world in a more horizontal perspective, rather than registering the map from an allocentric 

perspective which is more congenial with survey knowledge representation.  

 

Thus, it has been shown, or supported, that probability of ecological assembly is strongly 

tied, in a continuous dimension, to individual ability at any given cognitive task. The exact 

quantification of the internal computation saved through engagement in this activity 

remains to be investigated, and more variables of the probability function needs to be 

identified and scrutinized as well. 
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Appendix A. Map Following Script 
 
 
 

Map Following Scripts 
 
Getting in the car: Time 
stamp:_________________ 
Please be aware that the experiment has started, and 
that this is a spatial cognition study, so please try to 
keep track of where you are in the world, and later I 
will be asking you to point out where you think this 
parking lot is. Have you had any head injuries or any 
other condition that would impair your ability to 
navigate? 
 
Getting out of the car Dead Reckoning:  
Time stamp:___________________ 
 The first task in the study is to get a sense of 
orientation, could you please point in the direction to 
the parking lot where you got in the car. 
 
(once they have pointed in a direction show them the correct 
direction) 

 
 
Start Point Dead Reckoning:   Time    
Stamp:____________________ 
 Similar to the task you performed earlier, could you point in the direction to the 
middle of entrance to the parking lot where you just got out of the car, please? 
 
  
Map Following Directions (individual task): 
 The next task in the study is a map following task.  I will give you a campus map, 
and the name of the building we are standing next to.  I will then ask you to find the 
building on the map, you cannot use the index on the back or have any outside help, but 
you may take as long as you need, this task is not timed.  Once you have found the building 
and pointed it out, I will give you the name of the destination building, and ask you to find 
it on the map as well.  Once you have found the destination building and pointed it out on 
the map, it is up to you to walk us there in the best way, preferably the shortest path.  
 Do you have any questions at this time? 
 We are interested in the route you take, and how you find it,  so please think out 
loud. I will also ask you questions about what strategies you are using to make your way to 
the other building. 
 
[After the Participant has found start and end buildings, but before walking] 
 
Before we start walking, I just want to ask you a couple quick questions. 

Location Time Participant 
Azimuth 

Drop off to 
Parking Lot 

  

Start Point to 
Drop off 
Point 

  

Mid-Trial #1   

Mid-Trial #2   

End Point to 
Start Point 
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Do you generally think in terms of directions, like north/south/east/west? Or do you 

prefer to think in terms of left/right and landmarks ahead or something? 

 
What is your strategy now before you begin walking towards the destination? 

 
Beginning Time Stamp:___________________  End Time 
Stamp:________________ 
 
Dead Reckoning Check points:    
 Pausing for just a moment, could you come over to this spot, and point in the 
direction of our starting building location without using the map? 
 
Questions to ask during the Map Following Task 
Map rotation: 

 If the participant rotates the map: 
o Why did you rotate the map?  
o What were you thinking about? 
o Did it help you in some way? 

 If the participant indicates that rotating makes the task easier, ask 
why this is so. 

 Follow up to a map rotation 
o Are there certain places where you rotate the map? 

 If the participant shifts between facing up and compass alignment 
o How do you decide how to orient the map? 
o What are you looking at? 

 
Path preference 

 If participant chooses to walk on paths & roads 
o Why do you prefer to walk along paths and roads? 
o Would you consider crossing the grass? 
o Would you consider taking an unmarked path if it looked like it was going 

in the right direction? 

 Follow up question if participant is sticking to paths/roads 
o Is there an advantage to following the road/path? 

 Please elaborate 
o Can you see the environment better, or track where you are? 

 If the participant puts the map down for a considerable amount of time during 
their walk on a road 

o Why did you put the map down? 
 
Map Folding 

 When participant folds the map 
o Why did you just fold the map? 
o Why did you just fold the map in that way? 
o Is it easier for you to locate yourself on the map when it is folded? 
o Is it easier for you to plan your route when the map is folded? 

Self Talk 
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 After the participant talks to themselves 
o Many people talk to themselves during this task, can you tell me why you 

are doing that? 
o Does talking to yourself help in some way? 
o Do you think it helps you remember? 
o Does it help you plan or reason? 

 
Marking/Anchoring/Structuring 

 When participant places finger/thumb on destination or own location 
o Why do you keep your finger/thumb on the map? 

 If the participant keeps placing finger/thumb on destination or own location 
o Do you keep your finger/thumb on the map all the time? 
o Why or why not? 

 
Disorientation discovery & orientation recovery 

 When participant realizes that they are lost 
o How did you realize that you were not where you thought you’d be? 
o Why do you think you got disoriented? 
o Did you have some other expectations about the environment regarding its 

layout? 
o Did the map contribute to your being lost? 
o Is this a hard map to use? 

 Why do you think it’s hard to use? 
o What’s your next move now? 
o How are you going to figure out where you are> 

 At any point 
o How do you know where you are in the world? 
o How do you know where you are on the map? 

 
After the Map following task is complete 

 I’ve seen some people who try to line the map with the buildings, did you consider 
doing that? 

 Why or why not? 
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Map Following Directions (pair task): 

  
The next task in the study is a map following task.  I 
will give you a campus map, and the name of the 
building we are standing next to.  I will then ask you 
to find the building on the map, you cannot use the 
index on the back or have any outside help, but you 
may take as long as you need, this task is not timed.  
Once you have found the building and pointed it 
out, I will give you the name of the destination 
building, and ask you to find it on the map as well.  
Once you have found the destination building and 
pointed it out on the map, it is up to you to walk us 
there in the best way, preferably the shortest path.  
You will be working together in this task, with one 
map.  There is no one in charge, so please come to a 
consensus on all decisions. 
 Do you have any questions at this time? 
 We are interested in the route you take, and 
how you find it, so please think out loud. I will also 
ask you questions about what strategies you are using 
to make your way to the other building. 
 
Beginning Time Stamp:___________________  End Time 
Stamp:________________ 
 
 
  

Location Time Participant 
Azimuth 

Paired Start 
Point to 
Individual End 
Point 

  

Mid-Trial #1   

Mid-Trial #2   

End Point to 
Start Point 
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Appendix B. Santa Barbara Sense of Direction Scale 
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Appendix C. Lawton Wayfinding Scale 
 
WFS-Scale 
 
Subject_________  Date_________ 
 
 
Instructions 
The following questionnaire contains 14 questions about wayfinding strategies. Please rate how 
typical it is for you to use each of the following strategies.  Consider a situation in the past when 
you have driven to a location in a city or town that is somewhat familiar to you.  For example, a city 
you have visited a few times before, although the particular destination within the city had never 
been visited.  
 
1) I kept track of the direction (north, south, east or west) in which I was going. 
 
Not at all typical of me     Very typical of me 
 
1  2  3  4  5 
 
2) Before starting, I asked for directions telling me whether to go east, west, north or south at 
particular streets or landmarks. 
 
Not at all typical of me     Very typical of me 
 
1  2  3  4  5 
 
3) Before starting, I asked for directions telling me whether to turn right or left at particular streets 
or landmarks. 
 
Not at all typical of me     Very typical of me 
 
1  2  3  4  5 
 
4) I kept track of where I was in relationship to the sun (or moon) in the sky as I went. 
 
Not at all typical of me     Very typical of me 
 
1  2  3  4  5 
 
5) As I drove, I made a mental note of the mileage I travelled on different roads. 
 
Not at all typical of me     Very typical of me 
 
1  2  3  4  5 
 
6) Before starting, I asked for directions telling me how many streets to pass before making each 
turn. 
 
Not at all typical of me     Very typical of me 
 
1  2  3  4  5 
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7) I kept track of the relationship between where I was and the center of town. 
 
Not at all typical of me     Very typical of me 
 
1  2  3  4  5 
 
 
8) Before starting, I asked for directions telling me how far to go in terms of mileage.  
 
Not at all typical of me     Very typical of me 
 
1  2  3  4  5 
 
9) As I drove, I made a mental note of the number of streets I passed before making each turn. 
 
Not at all typical of me     Very typical of me 
 
1  2  3  4  5 
 
10) I kept track of the relationship between where I was and the net place where I had to change 
my direction. 
 
Not at all typical of me     Very typical of me 
 
1  2  3  4  5 
 
11) I visualized a map or layout of the area in my mind as I drove. 
 
Not at all typical of me     Very typical of me 
 
1  2  3  4  5 
 
12) Before starting, I asked for a hand-drawn map of the area. 
 
Not at all typical of me     Very typical of me 
 
1  2  3  4  5 
 
13) I referred to a published road map. 
 
Not at all typical of me     Very typical of me 
 
1  2  3  4  5 
 
14) I made a mental note of landmarks, such as buildings or natural features, that I passed along the 
way. 
 
Not at all typical of me     Very typical of me 
 
1  2  3  4  5 
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Appendix D. Campus map 
 

 
 


