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ABSTRACT

Down syndrome (DS) is a neurodevelopmental disorder associated with many cognitive 

weaknesses, including certain aspects of wayfinding. There are several theoretical reasons, such 

as abnormal brain development and similar weaknesses in smaller scales of space, that these 

deficits include developing survey knowledge of an environment. However, few studies have 

directly investigated this ability. The current study compared people with DS to typical adults 

matched on chronological age and typical children matched on the KBIT-II Matrices Subtest on 

a measure of survey knowledge. More specifically, an experimenter exposed participants to a 

novel virtual environment, and then were asked to find a specific target on their own. The total 

distance traveled and time taken to find the target served as dependent variables. The task was 

repeated three times, such that the participants navigated to the target after the experimenter 

showed them the environment once, two additional times, and again after two more times. 

Participants in both comparison groups demonstrated linear improvement across the three trials, 

with the children travelling a longer distance and taking longer to find the target at each trial 

compared to the adults. Participants with DS performed similarly to the typical children after the 

initial exposure, but did not demonstrate any learning across the trials, thereby resulting in a 

worse performance than both control groups on subsequent trials. The findings suggest that 

survey representations are impaired in DS, specifically in the ability to improve these 

representations over time. This has important implications for developing wayfinding 

interventions, and for understanding how these individuals learn about new environments.  
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INTRODUCTION 

 Imagine that you moved into a new neighborhood and a neighbor is showing you around 

for the first time. You may use memory of specific landmarks to aid in future navigation. You 

may also, in time, learn to navigate along specific routes by following landmark to landmark or 

by memorizing turns through the neighborhood (Siegel & White, 1975). Eventually, the spatial 

layout of the new environment will become so well understood that you can take novel shortcuts 

or reorient yourself when lost. This last type of information is referred to as survey knowledge, 

and certain groups, such as individuals with Down syndrome (DS), have difficulty reaching this 

level of environmental knowledge (Courbois, Farran, Lemahieu, Blades, Mengue-Topio, & 

Sockeel, 2013). The current research sought to better understand how survey knowledge 

develops across repeated exposures to a novel environment in people with DS.   

Down Syndrome 

Occurring in approximately 1 in every 691 births, DS is the most common 

neurodevelopmental disorder and genetic cause of intellectual disability (Nadel, 2003; Parker et 

al., 2010). Down syndrome is caused when a third 21st chromosome is present, called trisomy 21 

(Merrick, Kandel, & Vardi, 2004). Most commonly, this occurs when the 21st chromosome does 

not separate during egg development (Bull, 2011). Although there is an array of possible 

phenotypes exhibited in trisomy 21, a few characteristics are prevalent in many people with DS, 

such as the occurrence of intellectual disability, a short stature, microcephaly, and hypotonia 

(Korenberg et al., 1994). Further, these individuals have abnormal brain development (see 

Uecker, Mangan, Obrzut, & Nadel, 1993). 
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In addition to physical abnormalities, the cognitive phenotype in DS is characterized by 

several areas of specific weakness (Silverman, 2007). In particular, there are observed 

weaknesses in language (see Abbeduto et al., 2001), executive functioning (Daunhauer et al., 

2014), verbal working memory (see Silverman, 2007), and pattern recognition (Pennington, 

Moon, Edgin, Stedron, & Nadel, 2003), among others areas. Although the cognitive weaknesses 

tend to be related to verbal ability, spatial abilities may also be limited (see Yang, Conners, & 

Merrill, 2014 for a relevant discussion of visuospatial ability in DS). In fact, several recent 

studies have identified cognitive weaknesses in both general and specific wayfinding-related 

behaviors (e.g., Davis, Merrill, Conners, & Roskos, 2014). 

 It is important to study wayfinding ability in people with DS for several reasons. One of 

the main concerns for parents of children receiving special education services is the transition to 

adulthood (Glidden & Jobe, 2007). Parents frequently mention independent living as an area of 

particular concern (Heiman, 2002). Furthermore, Glidden and Jobe (2007) identified access to 

community resources as a concern disproportionately identified by parents of individuals 

receiving special education compared to parents of typically developing children. This indicates 

that parents of children with DS are likely particularly concerned with their child’s ability to live 

more independent lives.  

The range of cognitive deficits associated with DS impact opportunities for independent 

living. One such cognitive weakness is wayfinding (Courbois, Farran et al., 2013), which may 

have major implications for those with DS and their caretakers. For instance, individuals with DS 

may be restricted from accessing certain community resources given their navigational 

difficulties. Additionally, inefficient or inaccurate navigation may lead to a loss of time, general 
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frustration, or anxiety (Lawton & Kallai, 2002). On the other hand, successfully being able to 

independently navigate facilitates social participation (see Golledge & Stimson, 1997), further 

supporting the need to study wayfinding ability in people with DS.  

 People with DS often rely on their parents or caretakers to provide a range independent 

living supports. Wayfinding deficits partially contribute to this need for support. Carr (2008) 

surveyed parents and caretakers of adults with DS and found that nearly half of the parents did 

not allow their children with DS to wander away from the family house. Many parents explicitly 

identified a concern that their children would get lost as the primary reason for having such a 

restricted travel range. Further, parents of children with developmental disorders frequently 

mention that the added childcare requirements of caring for a child with a disability is an area of 

special concern (Heiman, 2002; Whiting, 2012). A better understanding of the exact nature of the 

wayfinding deficits in DS may allow for the creation of interventions that would have important 

consequences for independent living, thereby affecting both people with DS and their caretakers.  

Acquisition of Survey Knowledge 

 Wayfinding is a complex cognitive process that includes the ability to navigate and 

mentally represent large-scale spatial environments. Successful navigation often relies on an 

accurate mental representation of the environment, called a cognitive map (Tolman, 1948). 

Cognitive maps are mental representations of large-scale environments that are allocentric, 

allowing for flexible spatial understanding. Though they are not literal map-like representations, 

they can be thought of as smaller fragmented (Siegel & White, 1975), and systematically 

distorted (Tversky, 1993) collage-like representations.  

Cognitive maps include information about landmarks, routes, and survey (or 

configurational) features of the environment. Landmark knowledge refers to the ability to 
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recognize and identify particular landmarks in an environment, while route knowledge refers to 

the ability to remember specific paths in an environment. Route knowledge may develop by 

remembering how to navigate from one landmark to another (Siegel & White, 1975). Survey 

knowledge refers to our ability to understand the layout of a large-scale spatial environment 

based on an extrinsic frame of reference. Having an extrinsic frame of reference allows 

individuals to flexibly use environmental knowledge in novel spatial orientations and allows the 

use of novel paths. Further, it allows individuals to be aware of the relation between their current 

position and the larger environment.  

Survey knowledge is demonstrated when making direction or distance estimates, drawing 

sketch maps, or finding the most efficient route to a target, often called a shortcut if the route is 

novel (Blades, 1997; Montello, 1998). The current study used the ability to find a novel route as 

a measure of survey knowledge because people with DS may have difficulty understanding the 

task requirements of more abstract paradigms, such as pointing to unseen objects. Furthermore, 

shortcut tasks have been used in research with the populations of interest (e.g., Courbois, Farran 

et al., 2013).  

In their seminal work, Siegel and White (1975) advocate a hierarchical view of spatial 

representations. The authors suggest an inexact parallel between how wayfinding is developed in 

children over time (called ontogeny) and how adults develop knowledge of a new environment 

(called microgenesis). They argue that the individual initially notices and uses landmarks to 

navigate successfully. These landmarks are then connected to form routes, or paths. 

Subsequently, landmarks and routes cluster together. Finally, the clusters connect to each other 

when the child develops an objective (allocentric) frame of reference. Thus, "Survey 

representations appear as a system of routes arising from and embedded in an objective frame of 
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reference" (p. 44). This theory is especially relevant because it provides a general framework for 

understanding the acquisition of survey knowledge within the larger context of wayfinding 

behavior. Additionally, the theory provides a developmental perspective by connecting ontogeny 

and microgenesis.  

More recent empirical and theoretical work suggests that a less stringent hierarchical 

view is necessary. For example, Montello (1998) has argued that survey knowledge develops 

continuously, rather than in stages. An assertion that has been supported empirically (e.g., 

Golledge, Gale, Pellegrino, & Doherty, 1992; Ishikawa & Montello, 2006; Weisberg, Schinazi, 

Newcombe, Shipley, & Epstein, 2014). However, the overall theoretical work of Siegel and 

White remains influential in the wayfinding literature (e.g., Montello, 1998; Courbois, Blades, 

Farran, & Sockeel, 2013), as it provides a more general framework for understanding how 

individuals acquire spatial knowledge in novel environments and how spatial representations 

develop in children.  

Survey representations develop and become more accurate over repeated exposures to 

novel environments. Ishikawa and Montello (2006) demonstrated that individuals can develop, at 

least some, survey knowledge at their first exposure to a new environment, and that this 

representation develops across repeated exposures. The authors drove participants through two 

novel large-scale environments once a week for 10 weeks. The routes were connected but 

participants were not made aware of that connection until week 3. Participants learned the 

location of buildings on each route and were asked to complete several measures of survey 

knowledge, including pointing to the location of unseen buildings, making distance estimates, 

and drawing sketch maps of the environment.  
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Ishikawa and Montello (2006) made two inferences about the development of survey 

knowledge across repeated exposures to the same environment that are especially relevant to the 

current research. First, Ishikawa and Montello (2006) reported that individuals performed better 

than chance levels when sketching a map of the environment after their first exposure. This was 

interpreted to mean that some survey knowledge was being developed, contrary to the strictly 

hierarchical view advocated by Siegel and White (1975). However, chance performance is a low 

threshold in the task used. As the authors note, the use of heuristics may lead to better than 

chance performance, as many environments are structured similarly. Nevertheless, it does 

provide some evidence that configurational learning occurs concurrently with, rather than strictly 

subsequent to, other kinds of environmental knowledge.  

The second important inference is that individuals showed very little improvement across 

exposures. More specifically, individual differences were such that those participants who did 

less well initially also did less well by the end. Although direction estimates for one of the routes 

improved from the initial to the final exposure, performance on the other route remained stable. 

Importantly, the lack of improvement across exposures could be due to the relatively high 

accuracy at the initial exposure. For many of the tasks, performance was very good at the initial 

exposure, which left little room for improvement. Additionally, some measures of survey 

knowledge were not given until the fourth exposure, at which time participants had relatively 

good accuracy. In the current research, survey knowledge was measured after the first exposure 

to maximize the ability to observe learning. Taken together, the results suggest that individuals 

gain much of their configurational representations after only a few exposures to an environment, 

with only slight improvement to their accuracy after that point. However, little research has 

examined this process in young children or individuals with DS.  
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Development of Survey Knowledge in Young Children 

Early developmental theories posit a hierarchical organization for wayfinding 

subcomponents. For instance, Piaget and Inhelder (1967) propose a four-stage theory to explain 

the development of children’s conception of geometric space. Children, they argue, begin by 

understanding only elementary proximities between objects; in the next stage, they develop basic 

spatial relationships from the perspective of the observer and they develop elementary Euclidean 

concepts; and, in the third stage, children begin to master Euclidean concepts and can begin to 

understand the spatial relationships between objects from multiple perspectives. The final stage 

is primarily involved with the resolution of minor but systematic errors that occur in the third 

stage. These stages roughly parallel the work of Siegel and White (1975) whose theory, as 

mentioned above, also applies to children’s development of spatial representations.  

The aforementioned developmental theories suggest that young children may not develop 

survey knowledge as readily as older children or adults. This assertion has been demonstrated 

empirically (e.g., Herman, 1980; Curtis, Siegel, & Furlong, 1981; Jansen-Osmann & Fuchs, 

2006). For example, Herman (1980) had kindergarteners (approximately 6 years old) and third 

graders (approximately 9 years old) walk through a model town containing several buildings. 

Participants were asked to reconstruct the town after the buildings had been removed. The task 

measures survey knowledge, as participants must understand the spatial relations between 

buildings and roads within the model town. The younger participants were less adept at 

reconstructing the town, though they were able to place many buildings correctly, fitting the 

predictions of the developmental theories discussed above. Especially relevant to the current 

study, the task was repeated three times and accuracy in placing the buildings increased with 

repeated exposures. This indicates that young children can develop survey knowledge and that it 
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gets better over repeated exposures to the environment. If they are performing at the expected 

developmental level, individuals with DS should also be expected to be able to develop survey 

knowledge. 

Survey Knowledge in Down Syndrome 

Individuals with DS may have deficits in acquiring or using survey-related information 

about the environment. There are three closely related lines of reasoning that suggest this deficit. 

First, behavioral evidence demonstrates that allocentric processing in smaller scales of space is a 

specific cognitive deficit, suggesting that the analogous ability may be impaired in larger scales 

of space. Second, DS is associated with abnormal development of the hippocampus, a brain area 

closely associated with survey representations. Third, there are observed deficits in landmark 

memory and route learning which, at least theoretically, are critical for the development of 

survey knowledge. In addition to these lines of reasoning, two studies have directly tested survey 

knowledge ability in people with DS, though with ambiguous results. Each of these 

considerations will be discussed in more depth. 

Deficit in allocentric processing. Individuals process the spatial relationships in their 

environment using distinct frames of reference. A person who interprets where an object is 

relative to his or her self is using an egocentric frame of reference. This can be contrasted to 

allocentric representations, which are defined in terms of the spatial relationship between objects 

in space, independent of the observer. These frames of reference operate in conjunction to allow 

people to move and act in space (see Burgess, 2006).  

O’Keefe and Nadel (1978) propose an influential model of spatial learning that describes 

the neuronal basis of a cognitive map. The theory posits a cognitive map located in the 

hippocampal region that represents the Euclidean features of an environment. The “map” is 
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based on an allocentric coordinate system that is updated by egocentric information, such as 

movement and head direction (O’Keefe, 1991; Burgess, 2006). From this theoretical viewpoint, 

allocentric processing in smaller scale environments may be particularly relevant to acquiring 

survey knowledge of larger environments because both rely on the same, or at least similar, 

underlying neural systems. Put differently, a deficit in allocentric processing may indicate a 

deficit in the ability to form survey representations. 

A common approach to examining allocentric processing has been to use the Morris 

water maze task (Morris, Garrud, Rawlins, & O’Keefe, 1982). In this task, the subject, most 

often a mouse, is placed in a pool of water and learns the location of a platform allowing it to 

escape. Importantly, the pool contains only distal cues. To successfully find the platform, one 

must remember the spatial relationship between various distal cues, thereby emphasizing 

allocentric processing. Compared to controls, mice that have been genetically altered to model 

the DS genotype take longer to find the platform and spend less time searching in the correct 

area, indicating spatial learning impairment (Sago et al., 1998). 

Pennington et al. (2003) compared performance of adolescents with DS to typically 

developing children matched on mental age on a computerized version of the Morris water maze. 

Participants with DS spent less time searching for the target in the correct quadrant than the 

typically developing children, suggesting that they were less able to use the allocentric 

information provided by the distal cues.  

Lavenex et al. (2015) extended previous work by examining allocentric processing using 

a real-world spatial learning task. More specifically, participants were tasked with finding a 

reward hidden among a set of cups by using either local or distal cues. Participants with DS 

performed as well as typically developing children matched on mental age when using local 
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cues, but had worse performance when using distal cues. This indicates a relative deficit in 

allocentric, as compared to egocentric, processing in real-world spatial memory tasks.  

An important distinction can be made between vista and environmental space (Hegarty, 

Montello, Richardson, Ishikawa, & Lovelace, 2006). Vista space is larger than the individual, but 

can be viewed from a single vantage point, such as a classroom. Environmental (or topological) 

space is larger and cannot be viewed from any one vantage point, such as a school. Importantly, 

studies examining allocentric processing, including those discussed above, typically utilize vista 

space, while the survey representations necessary for wayfinding are often of environmental 

space. There is considerable evidence that spatial ability is not a unitary construct that is 

equivalent across different scales of space, but rather a set of partially separable abilities (see 

Hegarty and Waller, 2005). Despite that, there remains a relationship between performance on 

small and large-scale spatial tasks (see Allen, Kirasic, Dobson, Long, & Beck, 1996; Hegarty et 

al., 2006). This implies that allocentric processing deficits observed in vista space may indicate a 

weakness in survey representations of environmental space. However, it also does not necessitate 

such a weakness. 

Taken together, the evidence indicates that allocentric memory is negatively affected in 

DS. Further, a relation between performance on small-scale and large-scale spatial tasks suggests 

that survey knowledge, which is closely related to allocentric processing, may also be negatively 

impacted.  

Related brain abnormalities. There are several distinguishing features of the typical 

brain of someone with DS. The overall brain size is smaller compared to typically developing 

people of the same age, with further specific reductions in size in the prefrontal, inferior 

temporal, and inferior parietal cortices, among other areas (see Nadel, 2003). Additionally, and 
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most importantly for the current study, the hippocampal region, which is strongly related to 

survey representations (see Burgess, 2008 for a review), seems to be particularly affected 

(Pennington et al., 2003).  

Hippocampal dysfunction in DS has been demonstrated using a variety of techniques, 

including neuroimaging and behavioral studies. For example, Pinter, Brown, Eliez, Schmitt, 

Capone, and Reiss (2001) measured the volume of the hippocampus and amygdala in children 

with DS. The authors reported decreased hippocampal volume after adjusting for overall brain 

size in children with DS compared to typically developing children of the same chronological 

age. There was no decrease in amygdala volume after accounting for overall brain size. The 

findings replicate previous work in adults with DS (Aylward et al., 1999). Additionally, 

Pennington et al. (2003) compared adolescents with DS to typically developing children matched 

on mental age on several behavioral measures of prefrontal and hippocampal functioning. The 

group with DS performed as well as the comparison group on measures of prefrontal 

functioning, but had specific deficits in hippocampal functioning. Thus, hippocampal functioning 

seems to be negatively affected in individuals with DS, probably due to less hippocampal 

volume proportionate to overall brain size. 

The development of survey representations, and successful navigation more generally, is 

closely associated with hippocampal functioning (see Burgess, Maguire, & O’Keefe, 2002 for a 

review). In one study, participants were asked to follow a specified path or find a novel route 

through a complex virtual environment, while in a positron tomography scanner (Maguire, 

Burgess, Donnett, Frackowiak, Frith, & O’Keefe, 1998). The right hippocampus showed 

increased activation in response to participants finding a novel route compared to following a 

specific path. Furthermore, more activation was associated with added navigational accuracy. 
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Consistent with theory and previous literature, the authors suggest that the hippocampus provides 

an allocentric representation of space, while the inferior and medial parietal cortex support 

navigation by providing egocentric information, such as the location of objects relative to the 

observer and heading direction (see Burgess, 2008 for a detailed discussion).  

To summarize, the DS brain is characterized by hippocampal dysfunction, as evidenced 

by lower volume and behavioral deficits. Given the close relationship between the hippocampus 

and survey representations, it is likely that people with DS have behavioral deficits developing 

accurate survey representations of novel environments.  

Specific wayfinding deficits. People with intellectual disability but not DS have 

exhibited weaknesses in many wayfinding behaviors (e.g., Courbois, Blades et al., 2013; 

Mengue-Topio, Courbois, Farran, & Sockeel, 2011). While few studies have directly 

investigated wayfinding ability in DS, the results have consistently shown larger deficits than 

would be expected from general intellectual impairment.  

Davis et al. (2014) compared individuals with DS to two comparison groups, individuals 

with intellectual disability but not DS and typically developing children, approximately matched 

on nonverbal intelligence on a measure of landmark identification and route learning. 

Participants were directed along a path in a virtual environment by a series of turn indicators, 

then were asked to navigate the path on their own until they could complete the task without 

error, up to eight trials. Following the route learning task, participants were asked to recall 

landmarks from the environment. Individuals with DS identified fewer landmarks than the 

comparisons, though performance was less affected after participants were instructed to focus on 

landmarks. Additionally, participants with DS made more errors and required more trials to learn 

a specific route through an environment. In a second experiment, half of the participants were 
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encouraged to pay attention to landmarks to aid in navigation. Despite this strategy resulting in 

improved landmark memory and route learning, the participants with DS still made more route 

learning errors than the comparison groups. This suggests that both landmark and route 

knowledge of the environment may be affected in individuals with DS. 

Purser et al. (2015) examined how landmark placement affects route learning in young 

adults with DS, Williams syndrome, and typically developing children. In the first experiment, 

participants were shown a path in a virtual environment and asked to navigate the route on their 

own. The environment contained landmarks at choice points along the route, non-choice points 

along the route, and distal landmarks that were not along the route but were visible during 

navigation. In the second experiment, the same participants, at a later date, were asked to 

navigate three different environments, each containing landmarks at only one of the above-

mentioned locations (i.e., one environment had landmarks only at choice points while another 

had landmarks only at non-choice points). Errors were defined as the total number of incorrect 

turns made along the path. Participants with DS made more errors than the comparison groups 

during the first experiment, supporting the findings of a general deficit in route learning. Further, 

in the second experiment, participants with DS made more errors when the environment 

contained only distal landmarks, compared to landmarks at choice points or non-choice points. 

While a direct comparison was not made, the pattern of results was consistent across all three 

groups. Thus, individuals in general, and particularly those with DS, may rely on local landmarks 

when learning to navigate routes, possibly due to a weakness in creating or using survey 

representations.  

 Empirical evidence for survey knowledge deficit in Down syndrome. To the author’s 

knowledge, only two studies have directly investigated survey knowledge in DS. Courbois, 
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Farran et al. (2013) compared individuals with DS to typically developing comparison groups, 

one matched on chronological age and the other mental age, on several wayfinding measures in a 

virtual reality environment. Participants navigated from one building to a second building and 

back, then were tested on their landmark and route knowledge. This process was repeated from 

the same starting point to a third building. Results indicated that individuals with DS were able 

to identify fewer landmarks, and took more trials to learn the routes (though the difference was 

only marginally significant when compared to the mental age matched children). This further 

supports the notion that individuals with DS have specific wayfinding deficits in landmark 

memory and route learning.  

Participants who successfully learned both routes were asked to find a shortcut from the 

second to the third buildings, as a measure of survey knowledge. More specifically, participants 

were asked to navigate between the two buildings using the shortest path twice consecutively, up 

to ten total trials. The results were ambiguous. The group with DS did not differ from the 

comparison groups on the distance walked on the first shortcut trial, and differed only from the 

chronological age matched group on distance walked on the final shortcut trial. This suggests 

that survey knowledge is not necessarily a deficit in DS relative to their expected developmental 

level. However, fewer individuals with DS were able to successfully find the shortest path on the 

shortcut after the ten trials, indicating possible impairment. Of additional interest for the current 

study, individuals with DS showed a trend to walk fewer steps from the first to the final shortcut 

trial, indicating that some configurational learning is taking place.  

The results of Courbois, Farran et al. (2013) do not persuasively show that individuals 

with DS have deficits in survey knowledge. However, there were several limitations to the study. 

In particular, the sample in the DS group was small (n = 10) and had a mental age equivalent of 
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approximately 9 years old, which may be a higher ability level than the population. Thus, the 

study may not have had the requisite power to detect potential differences between groups. The 

group of participants may have been higher functioning than the general population of 

individuals with DS. The current research used a larger sample size to address both issues, as 

well as assessed survey knowledge across repeated exposures to evaluate when the deficits 

occur.  

Farran et al. (2015) investigated route learning and shortcut performance using a similar 

paradigm. Participants navigated along a specific route through a virtual environment, then were 

tested on their ability to learn the route and return to the beginning using the same path for two 

consecutive trials. Participants that successfully learned both routes completed a shortcut task. 

This procedure was completed for two separate environments. Both route and survey learning 

deficits were observed for the group with DS relative to typically developing children 

approximately matched on nonverbal mental age. Importantly for the current study, only the 

typically developing comparison group demonstrated learning across trials on the shortcut task. 

This suggests that individuals with DS may have a deficit in survey knowledge, and that this 

weakness may be related to a difficulty learning across repeated exposures.  

Farran et al. (2015) also had certain limitations. For example, typically developing 

participants scored higher on both measures used to match groups, indicating that the group was 

not developmentally equivalent. Additionally, participants did not complete the measure of 

survey knowledge until after they had navigated the environment several times during the route 

learning task. Therefore, it is unclear how participants developed survey knowledge during the 

initial exposures to the environment. Further, the authors suggested that participants with DS 

were more likely to follow the routes rather than use a novel route during the shortcut task, 
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indicating that they may not have properly understood the instructions. In the current research, 

survey knowledge was measured after the initial exposure to the environment to avoid this 

particular limitation. 

Current Study 

In the current study, individuals with DS were compared to a group of typically 

developing children approximately matched on nonverbal ability (MA) and a group of typically 

developing adults approximately matched on chronological age (CA) on several measures of 

wayfinding behavior. More specifically, the experimenter navigated through a novel virtual 

environment along a circuitous path, beginning and ending at a target landmark (i.e., a door). 

Then, the participants were placed at a specific location in the environment and asked to navigate 

to the target using the shortest possible path. The participants completed the task after being 

shown the environment one, three, and five times. The total distance and time taken to find the 

target location served as the dependent variables. This process allowed for a better understanding 

of how survey knowledge develops across repeated exposures to a novel environment. Further, 

examining the ability to find a novel route through the environment after three different levels of 

exposure allowed for a comparison of initial survey knowledge after experiencing a new 

environment, knowledge after the environment becomes more “familiar,” and gave insight into 

the nature of learning across repeated exposures. The participants also completed a measure of 

landmark recall following the final trial. A measure of route learning, often used in wayfinding 

studies involving participants with DS (e.g., Davis et al., 2014) was not included in the current 

study to avoid participants from focusing on remembering the route taken by the experimenter, 

instead of learning the spatial features and layout of the environment.  
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There were several hypotheses in the current study. As discussed above, individuals with 

DS have demonstrated specific wayfinding deficits, including landmark identification, route 

learning (Courbois, Farran et al., 2013; Davis et al., 2014; Purser et al., 2015), and, possibly, 

survey knowledge (Courbois, Farran et al., 2013, though see above discussion). Therefore, (1) it 

was hypothesized that individuals with DS would perform less well than the comparison groups 

on the measure of survey knowledge after each exposure. More specifically, it was hypothesized 

that individuals with DS would travel a longer distance and require more time than the 

comparison groups to find a novel route to the target. (2) It was hypothesized that the MA group 

would travel a longer distance and require more time to find the target than the CA group. (3) It 

was hypothesized that the MA and CA groups would demonstrate learning from the first to last 

exposure, though previous research suggests only a small amount of learning may take place 

(Herman, 1980; Ishikawa & Montello, 2006). There was no specific hypothesis about the rate of 

learning between the groups or whether participants with DS would demonstrate learning, as the 

current study was the first to examine this particular phenomenon beginning from the initial 

exposure to the environment. Last, (4) it was hypothesized that the DS group would remember 

fewer landmarks than participants in the control groups. 
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METHOD 

Design  

 A mixed design was employed in the current study. The independent variables were 

group condition (DS, MA, CA) and trials on the Shortcut Task (trial 1, trial 2, trial 3). The MA 

participants were approximately matched to the DS group on nonverbal ability as measured by 

the Kaufman Brief Intelligence Test-II (KBIT-II) Matrices Subtest, and the CA group was 

approximately matched on chronological age.  

Participants 

A total of 64 participants took part in the study. The DS group was comprised of 20 

participants (4 female, 16 female) between the ages of 14 and 26 with a diagnosis of DS. This 

age range was chosen because it closely matches previous research (see Courbois, Farran et al., 

2013). Further, the maximum age chosen was 26 years because individuals with DS may be 

susceptible to early-onset Alzheimer’s disease (see Zigman & Lott, 2007), though rates are 

significantly lower at this age range. Verbal acknowledgement from the participant or guardian 

that the participant has DS was sufficient to be included in the group. The MA group was 

comprised of 17 typically developing children (13 female, 4 male) between the ages of 4–8 years 

old. Participants in the MA group were approximately matched to the DS group on nonverbal 

ability, using raw scores on the KBIT-II Matrices Subtest. The CA group was comprised of 27 

typically developing young adults (14 females, 13 males) between the ages of 18-22, 

approximately matching the DS group on chronological age. 
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Inclusion and exclusion criteria. To be included in the current study, participants had to 

meet specific criteria. For participants in the DS group, the individual must have had a self-

reported diagnosis of DS. For participants in the MA or CA groups, the individual must not have 

been diagnosed with a learning or developmental disability. For participants in the DS and MA 

groups, all reported criterion, and diagnoses or lack thereof, were reported by the parents or 

guardians on the participant’s behalf.  

In addition to the above criterion, to be included in the study, participants in the DS and 

MA groups must have successfully completed the Familiarization Phase as described in the 

Measures section. Successful completion was operationally defined as being able to navigate the 

in virtual environment from one point to another without assistance from the experimenter. 

Participants that navigated without “looking” ahead (e.g., navigating while facing the ground) 

were corrected by the experimenter. Failure to fix the behavior after multiple corrections, as 

judged by the experimenter, served as a basis for excluding participants. However, no 

participants were removed from the study for failing to complete the familiarization phase.  

 Power analysis. An a priori power analysis was conducted to estimate the number of 

participants necessary to achieve .80 power. The power analysis test was conducted using the 

G*power computer program (Faul, Erdfelder, Lang, & Buchner, 2007). To measure between-

subject differences, the program indicated that a total sample of 51 participants (17 per group) 

would be needed to detect medium-to-large effects (d = .4) with .80 power using a repeated 

measures MANOVA with alpha set at .05. Therefore, a minimum of 17 participants per group 

were included in the current study. As discussed below, actual effect sizes were much higher, 

though within-group variability was also much higher than predicted. Regardless, the power 
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analysis provided a reasonable justification for the number of participants included in the current 

study. 

Recruitment. Participants were recruited from the Tuscaloosa, AL and Manchester, NH 

areas. Participants in the DS group were recruited using the University of Alabama Intellectual 

Disabilities Participant Registry (UAIDPR) and through local service providers. The UAIDPR 

keeps track of participants in other studies that may be interested in further involvement in 

research. When recruiting from the UAIDPR, a Registry Coordinator contacted the families or 

individuals who were eligible for the current study. The coordinator provided the potential 

participant with information about the current study and, if the family was still interested in 

pursuing the matter, passed their contact information on to the primary investigator. Only those 

participants that signed the consent form or gave their assent with guardian consent, were 

allowed to participate in the study. 

Participants in the MA group were recruited from private preschool or care programs. 

Consent forms with a description of the research were sent home with the children after approval 

by the school administration. Only those participants whose guardian signed the consent form 

and who gave assent were allowed to participate in the study. 

The CA group was recruited through the Psychology Subject Pool at The University of 

Alabama. The Psychology Subject Pool is made up of college students taking introductory 

psychology. Students were able to sign up for the research for course credit. Only those 

participants that gave their consent participated in the study.  

Participants were compensated for their time. Individuals in the DS and MA groups were 

given $5 cash for participation. Individuals in the CA group received course credit in lieu of a 

monetary compensation. 
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Virtual Environment 

Environment and landmarks. The virtual environment was created using 

FPSCREATOR, a freely available software that can be used to construct first person virtual 

environment games. Please see Appendix A for a bird’s eye view of the outline of the 

environment and Appendix B for a screenshot of the environment from the perspective of the 

participant. 

All environments created using FPSCREATOR are constructed of equal sized blocks. 

These blocks are only seen by the experimenter when constructing the environment, and are not 

noticeable to the participant. For the scoring of the Shortcut Task, these blocks served as the unit 

of measurement. Other wayfinding studies sometimes use steps taken or distance walked (e.g., 

Farran et al., 2015) as analogous units of measurement.    

The environment was modeled after the inside of an office building. The environment 

featured 9 unique landmarks that were consistent with the office theme, such as a desk and chair, 

file cabinets, or a conference table. The environment also featured three identical couches as 

additional landmarks. This was done to increase ecological validity, as certain landmarks in the 

environment are repeated many times (i.e., exit signs or identical doors), and, therefore, provide 

less aid for wayfinding. 

Navigation controls. Participants navigated the environment by using the mouse to 

change direction/look around and by pressing the ‘w’ key or the ‘up arrow’ key to move forward. 

The experimenter demonstrated the ability to look different directions to the participant, who was 

then asked to demonstrate their understanding by looking different directions. The experimenter 

then showed to the participant how to move forward, which the participant then demonstrated.  
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Pilot testing. To determine an appropriate layout for the virtual environment, pilot testing 

was conducted. There were two related goals of the pilot testing. First, the environment needed 

to provide enough difficulty to prevent all of the typical adults from performing at ceiling by the 

third trial on the Shortcut Task. Second, the environment could not be so complex that the 

participants with DS and typical children showed random performance across the trials. In other 

words, the goals of pilot testing were to find an environmental layout that would allow 

reasonable variation both between and within the groups. Furthermore, other studies examining 

survey knowledge in people with DS have tended to use environments with an outline that 

follows a 3x3 grid. Given that such an environment would likely be too simplistic for typical 

adults and that it does not match the types of environments found in real-world settings, only 

environments with more complexity and less regularity than a simple grid structure were 

considered. This, at least in theory, increases the ecological validity of the current study by better 

mimicking the types of environments that individuals encounter in real-world situations.  

As a first phase to pilot testing, typical adults were tested on the Shortcut Task (see below 

for more detail on this task). Two environments tested were immediately eliminated from 

consideration because they did not meet the first goal. The first environment was a slightly more 

complicated version of a 3x3 grid, but all of the participants performed at ceiling on the first 

trial. The second environment proved so difficult that the participants showed nearly random 

performance on all trials, suggesting that it would be far too difficult for participants with DS or 

typical children. It was obvious that both of these environments did not meet the first goal of 

pilot testing, so they were immediately discarded. 

The next environment tested met the goals of pilot testing and was therefore selected for 

use in the current study. More specifically, six typical adults and four young adults with 
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intellectual disability but not DS were tested. In the typical adults, only one participant reached 

ceiling performance, and, as a group, the participants improved from trial 1 to trial 2 (though not 

from trial 2 to trial 3). In the young adults with intellectual disability, the participants seemed to 

show generally the same pattern as the typical adults, getting better from trial 1 to trial 2 but not 

from trial 2 to trial 3. Please see Appendix C for the descriptive statistics and a visualization of 

performance during the pilot testing on the chosen environment. Note that the data reflects the 

total distance traveled (see description of the Shortcut Task below) and KBIT-II Matrices Subtest 

raw scores.  

To slightly foreshadow the results of the study, the data for the Shortcut Task verifies that 

the chosen environment largely, though not completely, avoided floor and ceiling effects. The 

typical adults rarely performed optimally on the first trial and only some participants reached 

optimal performance by the final trial. Whereas, some participants in the DS and MA groups 

were able to perform optimally by the 3rd trial and no participants had to be stopped or assisted 

because the task was too difficult. Further, there was evidence that learning took place in all 

three groups. 

Screen recording. During the Familiarization Phase and Shortcut Task, the screen was 

recorded using the freely available Cam Studio software. This was done so that the data could be 

scored at a later time. All wayfinding data was scored by two experimenters. However, the data 

presented represents only the scoring by the author, as both experimenters had exceptional 

agreement (e.g., r > .99 for distance traveled on each trial of the Shortcut Task).    

Measures 

Kaufman Brief Intelligence Test-II Matrices subtest. The KBIT-II Matrices Subtest 

was given to each participant as a standardized measure of nonverbal ability. In this subtest, 
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participants are shown a 2x2 or 3x3 grid of pictures with one element missing. They are asked to 

choose which one of five pictures best completes the grid. The KBIT-II was selected for several 

reasons, including that it has been used in similar previous research (Davis et al., 2014). Further, 

the reliability of the assessment is between 0.87 and 0.91 based on internal-consistency and 0.76 

and 0.89 based on test-retest (Kaufman & Kaufman, 2004). 

Familiarization phase. Participants in the DS and MA groups completed a short 

familiarization task to orient to the navigation controls of the virtual environment. The 

participants were timed as they traveled down a short path within the virtual environment. 

Participants were asked to navigate along a short ‘L’ shape, then turn around and navigate back 

to where they started. This served two primary purposes. First, it demonstrated to the 

experimenter that the participant had the ability to control the movements on their own. Second, 

it allowed participants an opportunity to practice the movements before beginning the task. 

Participants were only given one attempt to successfully complete the Familiarization 

Phase, operationalized as reaching the end of the ‘L’ shape and back with no experimenter 

assistance. The total time taken to travel down the path was recorded as a potential covariate in 

the relevant analysis.  

Shortcut task. Participants were asked to complete a measure of survey knowledge that 

required them to navigate along a novel path in the virtual environment. The experimenter 

explained the task to participants by saying “I am going to show you around the building in the 

map. I will point out some interesting landmarks and objects as I go. I will also stop and look 

around before deciding which way to go. I want you to pay close attention to the hallways in the 

map, so that you can find your way on your own. I will start at a door and walk around and back 

to that door, then I will put you somewhere in the map and you will get a turn to find the door 
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where I started. Remember, pay close attention to the map.” Additionally, the experimenter 

periodically asked the participant what he or she was supposed to find (i.e., the door) to ensure 

that the participant understood the directions. 

The experimenter began the task by navigating along a specific path through the 

environment, while pausing to look at and verbally acknowledge landmarks and also pausing to 

look both directions at choice points. The participant was then placed in the environment at a 

specific point (i.e., a desk and chair) and asked to find the door using the shortest and quickest 

path possible. The most efficient (i.e., shortest distance and fastest) path to the door was not 

traveled by the experimenter, thus the route required the participant to use a novel shortcut 

through the environment. Once the participant found the door, the experimenter showed the 

participant the environment two additional times using the same path as before. The participant 

then had to find the shortest path a second time from the same location as before. The process 

was repeated once more. In total, each participant was placed in the same location and asked to 

find the door three times (trial 1, trial 2, trial 3), following the first, third, and fifth exposures to 

the environment. If participants successfully found the most efficient route through the 

environment, equaling 47 blocks, no more trials were completed and he or she was given the 

same distance and time score for each successive trial.  

The total distance traveled (in blocks) and time taken (in seconds) to find the target 

served as dependent variables. Time was measured from when the participant first started to 

move until they stopped moving while facing the door. Total distance was measured by counting 

the number of blocks traveled.  

Landmark recall. Participants were tested on their ability to recall landmarks from the 

virtual environment. In this task, two items were positioned side-by-side on a computer screen 
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(see Appendix D). One item was a landmark that was seen in the virtual environment and the 

other was a previously unseen, but thematically similar, object. The items were positioned in a 

way that mimicked the context that participants would have been seen while navigating the 

virtual environment, including the landmarks that were not actually in the environment. 

Participants in the CA group were asked to indicate which landmark was previously in the 

environment by hitting the ‘F’ or ‘J’ key, corresponding to ‘left’ and ‘right’, respectively. 

Participants in the DS and MA groups were just asked to point to the correct item, while the 

experimenter pressed the corresponding key.  

Two versions of the task were created for use on different computers. One version was 

created using the commercially-available SuperLab 5 software (Cedrus Corporation), while the 

other was created using open-source experiment builder, OpenSesame (Mathôt, Schreij, & 

Theeuwes, 2012). Both versions of the task were essentially identical to one another.  

There were nine unique trials in total (representing each of the unique landmarks), and 

each trial was presented in random order. The dependent variables were the total number of 

correct trials with a maximum score of 9 and the mean response time of correct trials.  

Survey. A short survey (see Appendix E) was administered by phone or in person to 

parents or guardians of typically developing children or people with DS. The survey measured 

the parent’s perception of their child’s navigation ability and parental concerns related to 

independent navigation. Participant’s date of birth and gender was also collected as part of the 

survey.  

Procedure  

 Prior to beginning the study, participants gave consent/assent acknowledging their rights 

as a participant in research. To begin the study, participants completed the KBIT-II Matrices 
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Subtest. Participants then completed the Familiarization Phase and Shortcut task. Following the 

final trial of the Shortcut Task, participants completed the Landmark Recall task. Upon 

completion of the study, participants were thanked for their participation and given the 

appropriate compensation. Following participation, the experimenter also collected survey 

information from a parent or guardian. The total experimental procedure took between 25 and 60 

minutes.  
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RESULTS 

 The results were analyzed at a significance level of .05 for omnibus tests. In 

circumstances where multiple comparisons were used, alpha was protected using a Bonferroni 

correction. Exact p-values were only reported where the value did not reach statistical 

significance. Please see Table 1 for descriptive statistics on personal characteristics of the sample 

and results of the Landmark Recall task.    

 

 

Preliminary Analyses for Group Matching 

 Several preliminary analyses were conducted to verify that the comparison groups were 

appropriately matched to the DS group on the desired variables. An analysis of KBIT-II Matrices 

Subtest scores revealed the DS group (M = 14.05, SD = 5.05) were not significantly different 

than the MA group (M = 15.29, SD = 4.46) on measured nonverbal intelligence, t(35) = -0.79, p 

= .436. An analysis of age (in months) revealed the DS group (M = 236.15, SD = 36.61) was not
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 significantly different from the CA group (M = 234.33, SD = 12.63) on age, t(45) = 0.24, p = 

.811. Importantly, there was substantially more variability in age within the DS group than 

within the CA group. This has two effects. First, it minimizes power to find a statistical 

difference, if one exists, though this is not much of a concern given the very low t-test statistic 

and relatively high p-value. Second, it suggests that the groups were not composed of individuals 

of the same age, just that the mean age was not different. Therefore, the above statistical tests 

provide evidence that the groups were approximately matched, though not the same, on the 

desired variables. 

Shortcut Task 

Distance traveled. Only a subset of participants reached ceiling performance (i.e., 47 

blocks) on any trial during the Shortcut Task. More specifically, only one participant (5%) in the 

DS group performed optimally, doing so during trial 1. Whereas six participants (35%) in the 

MA group performed optimally, with two reaching the criterion on trial 2 and an additional four 

on trial 3, and thirteen participants (48%) in the CA group performed optimally, with two 

reaching the criterion on trial 1, six on trial 2, and five on trial 3. Please see Table 2 for 

descriptive statistics on the Shortcut Task. 
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A mixed between-within subjects ANOVA was conducted to assess the impact of group 

membership (DS, MA, CA) on the number of blocks participants traveled during the Shortcut 

Task across three trials. A significant Mauchly’s Test, χ2(2) = 10.14, p < .01, indicated that the 

assumption of sphericity had been violated. Therefore, degrees of freedom in the mixed-models 

ANOVA were corrected using Greehouse-Geisser estimates of sphericity (ε = 0.865). There was 

a significant main effect of trial, F(1.73, 105.58) = 6.64, p < .01, partial eta squared = .098, and 

group membership, F(2, 61) = 3.82, p < .001, partial eta squared = .368. However, the main 

effects were qualified by an interaction between group membership and trial, F(3.46, 105.58) = 

3.46, p < .01, partial eta squared = .111.  

The data analytic plan to best understand the interaction in terms of the study hypotheses 

was to analyze the simple effects of group membership and analyze the trends within each group. 

More specifically, hypotheses one and two (i.e., that the DS group would perform less well than 

the comparison groups at each trial and that the MA group would perform less we than the CA 

group at each trial, respectively) were best answered by looking at group differences at each trial. 
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A series of one-tailed t-tests were chosen to compare group differences, instead of performing an 

ANOVA with follow-up tests, because the hypotheses pertained to specific comparisons instead 

of a more general comparison among the groups. Further, the t-tests were one-tailed because they 

contained a directional hypothesis. A Bonferroni correction was used to protect the family-wise 

alpha for each of these hypotheses. In other words, the DS vs. MA, DS vs. CA, and MA vs. CA 

comparisons, at each trial, were evaluated at an alpha of .016 (.05/3 = .016). Furthermore, where 

appropriate, the pooled error term was used to compute the t-statistic. Hedges’ g was chosen as a 

measure of effect size because Cohen’s d gives a biased estimator of population effects size 

when using small sample sizes (Hedges, 1981; Lakens, 2013). In all cases reported below, 

Hedges’ g provides a more conservative estimate of effect size than Cohen’s d, though the 

difference is negligible.     

The third hypothesis (i.e., both the MA and CA groups would show learning across the 

trials) was investigated using a trend analysis. In this case, a trend analysis examines whether 

there is a linear or quadratic relationship between trials and the number of blocks traveled during 

the Shortcut Task (see Howell, 2002). In other words, a trend analysis determines whether the 

pattern of results is best explained by a straight line (i.e., no trend) or some other pattern (i.e., a 

linear or quadratic line). Although it was exploratory in nature, the DS group trend was also 

examined to better understand whether learning took place in this group. A trend analysis was 

chosen instead of testing all pairwise comparisons within each group because the particular 

differences among trials was less relevant to the research question than overall trends across 

time. Put differently, the trend analysis allows for a better understanding of general changes 

across time, as opposed to specific changes from one trial to the next. The follow up results to 

the interaction are presented below. 
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Independent-samples t-test were conducted to compare the number of blocks traveled on 

each trial of the Shortcut Task in the DS and MA groups. In trial 1, there was not a significant 

difference in the scores for the DS group (M = 108.90, SD = 59.21) and the MA group (M = 

118.06, SD = 54.28), t(35) = -0.49, p > .016, Hedges’ g = -0.081. In trial 2, there was a 

significant difference in the scores for the DS group (M = 132.90, SD = 70.70) and the MA group 

(M = 76.53, SD = 36.20), t(29.23) = 3.12, p < .016, Hedges’ g = 0.958. In trial 3, there was not a 

significant difference in the scores for the DS group (M = 102.30, SD = 56.75) and the MA group 

(M = 70.53, SD = 30.77), t(30.14) = 2.16, p > .016, Hedges’ g = 0.666, though the result was 

marginally significant (p = .0195). This suggests that the participants in the DS group did not 

perform less well than participants in the MA group after the initial exposure to the environment, 

but began to show a deficit in performance on subsequent trials.   

Independent-samples t-test were conducted to compare the number of blocks traveled on 

each trial of the Shortcut Task in the DS and CA groups. In trial 1, there was a significant 

difference in the scores for the DS group (M = 108.90, SD = 59.21) and the CA group (M = 

72.48, SD = 43.79), t(33.49) = 2.32, p < .16, Hedges’ g = 0.704. In trial 2, there was a significant 

difference in the scores for the DS group (M = 132.90, SD = 70.70) and the CA group (M = 

55.15, SD = 6.40), t(19.23) = 4.90, p > .001, Hedges’ g = 1.655. In trial 3, there was a significant 

difference in the scores for the DS group (M = 102.30, SD = 56.75) and the CA group (M = 

51.67, SD = 5.46), t(19.26) = 3.98, p < .016, Hedges’ g = 1.342. This suggests that the 

participants in the DS group performed less well than the participants in the CA group at each 

trial.  

Independent-samples t-test were conducted to compare the number of blocks traveled on 

each trial of the Shortcut Task in the MA and CA groups. In trial 1, there was a significant 
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difference in the scores for the MA group and the CA group, t(42) = 3.06, p < .016, Hedges’ g = 

0.931. In trial 2, there was a significant difference in the scores for the MA group and the CA 

group, t(16.63) = 2.41, p < .016, Hedges’ g = 0.917. In trial 3, there was a significant difference 

in the scores for the MA group and the CA group, t(16.63) = 2.50, p < .016, Hedges’ g = 0.951. 

This suggests that the participants in the MA group performed less well than participants in the 

CA group on each trial.   

 

 

Figure 1. Mean distance traveled (in blocks) for each participant group on each 
trial. Standard errors are represented in the figure by the error bars attached to 
each column. 

 

To determine the simple effects of performance across trials, trend analyses were 

conducted. In the DS group, there was not a significant linear trend to the data, F(1, 19) = 0.163, 

p > .05, and only a marginally significant quadratic trend, F(1, 19) = 3.603, p = .073. In the MA 

group, there was a significant linear trend to the data, F(1, 16) = 16.627, p > .01, but no 
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significant quadratic trend, F(1, 16) = 2.492, p > .05. In the CA group, there was a significant 

linear trend to the data, F(1, 26) = 5.928, p < .01, but only a marginally significant quadratic 

trend, F(1, 26) = 3.258, p = .083. These results indicate that the DS group showed no learning 

across repeated exposures to the environment. The MA and CA groups showed learning across 

the three trials, though learning may begin to level off in the CA group, possibly due to a ceiling 

effect. 

 

Figure 2. Mean distance traveled (in blocks) across the three trials for each 
participant group. The DS group showed no significant trends, and the MA and 
CA groups both showed a significant linear trend.  
 

In summary, the distance data of the Shortcut Task revealed that the participants in the 

DS and MA groups, who did not differ from each other, performed less well than the participants 

in the CA group after the initial exposure to the environment. Subsequent trials resulted in a 

linear rate of learning from the participants in the MA and CA groups, while the participants in 

the DS group showed no significant improvement. This means that, while the DS and MA 
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groups started in the same place, they diverged with the MA group outperforming the DS group 

by trial 2 (though the difference was only marginal on trial 3). Further, participants in the CA 

group demonstrated significantly better performance over the participants in the DS and MA 

groups on each trial.  

Time. The above analyses were conducted again with time (in seconds) used as the 

dependent variable. Time taken to complete each trial in the Shortcut Task can be thought of as a 

measure of performance with longer times possibly indicating uncertainty (or traveling a greater 

distance). A mixed between-within subjects ANOVA was conducted to assess the impact of 

group membership (DS, MA, CA) on the time taken by participants to find the target during the 

Shortcut Task across three trials. A significant Mauchly’s Test, χ2(2) = 12.175, p < .01, indicated 

that the assumption of sphericity had been violated. Therefore, degrees of freedom in the mixed-

models ANOVA were corrected using Greehouse-Geisser estimates of sphericity (ε = 0.843). 

There was a significant main effect of trial, F(1.69, 101.14) = 17.34, p < .001, partial eta squared 

= .224, and group membership, F(2, 60) = 20.51, p < .001, partial eta squared = .406. However, 

the main effects were qualified by an interaction between group membership and trial, F(3.37, 

101.14) = 4.29, p < .01, partial eta squared = .125. The interaction effect was investigated using 

the same strategy as above. 

Independent-samples t-test were conducted to compare the time taken to find the target 

on each trial of the Shortcut Task in the DS and MA groups. In all three trials, there was not a 

significant difference in the scores for the DS and MA groups (all p-values > .016; Hedges’ g 

ranged from –0.614 to 0.432). However, there was a significant difference between the DS group 

(M = 51.00, SD = 32.98) and MA group (M = 76.06, SD = 26.42) on time taken to complete the 

practice trial, t(31) = -2.42, p < .05. To account for this difference, the analyses were conducted 
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again using time taken to complete the practice trial as a covariate. Only trial 2 showed a 

significant difference between the DS group (M = 201.75, SD = 109.26) and MA group (M = 

152.77, SD = 103.73), after controlling for the time taken to complete the practice trial, F(2,30) = 

5.09, p < .016, partial eta squared = .253. The lack of additional findings is at least partially 

related to very high within-group variability present in each group. Overall, this suggests that the 

participants in the DS group only took more time to complete the task than the MA group on trial 

2. 

Independent-samples t-test were conducted to compare the time taken to find the target 

on each trial of the Shortcut Task in the DS and CA groups. In trial 1, there was a significant 

difference in the scores for the DS group (M = 180.42, SD = 107.97) and the CA group (M = 

104.70, SD = 85.70), t(44) = 2.65, p < .016, Hedges’ g = 0.778. In trial 2, there was a significant 

difference in the scores for the DS group (M = 199.00, SD = 105.49) and the CA group (M = 

61.63, SD = 18.74), t(18.80) = 5.61, p < .001, Hedges’ g = 1.707. In trial 3, there was a 

significant difference in the scores for the DS group (M = 144.55, SD = 90.12) and the CA group 

(M = 51.70, SD = 12.97), t(19.58) = 4.57, p < .001, Hedges’ g = 1.537. This suggests that the 

participants in the DS group took longer to complete each trial than participants in the CA group.   

Independent-samples t-test were conducted to compare the time taken to find the target 

on each trial of the Shortcut Task in the MA and CA groups. In trial 1, there was a significant 

difference in the scores for the MA group and the CA group, t(42) = 4.86, p < .001, Hedges’ g = 

1.477. In trial 2, there was a significant difference in the scores for the MA group and the CA 

group, t(16.66) = 3.59, p < .001, Hedges’ g = 1.362. In trial 3, there was a significant difference 

in the scores for the MA group and the CA group, t(16.52) = 3.66, p < .001, Hedges’ g = 1.395. 
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This suggests that the participants in the MA group took longer to complete each trial than 

participants in the CA group.   

 

Figure 3. Mean time taken to find the target (in seconds) for each participant 
group on each trial. Standard errors are represented in the figure by the error bars 
attached to each column. 
 

Trend analyses showed a similar pattern of results for the simple effects of time within 

each group. In the DS group, there was not a significant linear trend, F(1, 18) = 1.50, p > .05, or 

quadratic trend to the data, F(1, 18) = 2.45, p > .05. In the MA group, there was a significant 

linear trend to the data, F(1, 16) = 28.09, p > .001, but no significant quadratic trend, F(1, 16) = 

2.02, p > .05. In the CA group, there was a significant linear trend, F(1, 26) = 11.15, p < .01, and 

a significant quadratic trend, F(1, 26) = 6.03, p < .05. However, 8 out of 27 (about 30%) 

participants in the CA group reached criterion performance by trial 2, and were subsequently 

given the same time score for trial 1 and trial 2. This could skew the results of the quadratic trend 

analysis. So, the trend analysis was conducted again on participants that did not reach criterion 
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and, therefore, have a separate score for trials 1, 2, and 3. The analysis still showed a significant 

linear trend, F(1, 18) = 9.16, p < .01, and a marginally significant quadratic trend, F(1, 18) = 

3.97, p = .062. This may indicate that the participants in the CA group were beginning to show a 

decreased rate of learning. However, caution must be exercised in this interpretation because a 

ceiling effect may have complicated the results.  

The results of the trend analyses indicate that the DS group showed no learning across 

repeated exposures to the environment. The MA and CA groups showed learning across the three 

trials, though that learning begins to level off in the CA group, possibly due to a ceiling effect. 

The only difference to the pattern of results when using distance traveled as the dependent 

variable was a signficiant quadratic trend in the CA group that was previously only marginally 

significant.  

 

Figure 4. Mean time taken to find the target (in seconds) across the three trials for 
each participant group. The DS group showed no significant trends, the MA group 
showed a significant linear trend, and CA group showed a significant quadratic 
trend. 
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Landmark Recall 

 The fourth hypothesis (i.e., that the DS group would remember fewer landmarks than the 

comparison groups) was evaluated next. A visual inspection of the number of landmarks 

successfully recalled indicated a strong negative skew to the data. More specifically, results 

indicated that about 67% of participants correctly recalled either 8 (22/63) or 9 (20/63) out of a 

possible 9 landmarks. Additionally, a Levene’s Test for equality of variance revealed a violation 

of the assumption of equal group variances, F = 8.83, p < .001. Because of these violations to the 

assumptions of ANOVA, an independent samples Kruskal-Wallis H test was used instead to 

examine possible group differences.  

The Kruskal-Wallis H test is a non-parametric statistical test that uses rank-order to 

evaluate groups differences in the mean rank-order. This is analogous to an ANOVA. Because 

the test requires fewer assumptions, it is the most appropriate test for the sample data. A 

significant Kruskal-Wallis H test is often followed with Mann-Whitney U tests to better 

understand the pattern of results. The follow up tests were interpreted using a Bonferroni 

correction to protect family-wise alpha. One potential issue of using a Kruskal-Wallis H test is 

that it provides slightly different information than an ANOVA, resulting in potential ambiguity 

in interpretation. For this reason, an ANOVA was also conducted to ease interpretation. 

A Kruskal-Wallis H test showed that there was a statistically significant difference in the 

number of landmarks successfully recalled between the groups, χ2(2) = 31.95, p < .001, with a 

mean rank score of 44.94 for the CA group, 27.23 for the MA group, and 16.55 for the DS 

group. The distributions in the DS group (mean rank = 13.95) and MA group (mean rank = 

23.40) differed significantly, Mann-Whitney U = 69.00, p < .016. The distributions in the DS 

group (mean rank = 13.10) and CA group (mean rank = 32.07) differed significantly, Mann-
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Whitney U = 52.00, p < .016. The distributions in the MA group (mean rank = 11.83) and CA 

group (mean rank = 26.87) differed significantly, Mann-Whitney U = 57.50, p < .016.  

In addition to the above analyses, a one-way ANOVA with follow up t-tests using a 

Bonferroni correction were conducted to aid in interpretation. This was chosen because is not 

always appropriate to interpret the Kruskal-Wallis H test as a difference between means (see 

Kruskal & Wallis, 1952), which is of primary interest in the current study. The results of the 

ANOVA mirrored those of the non-parametric analyses, suggesting that the mean number of 

landmarks recalled differed significantly among each pair of groups. More specifically, the 

ANOVA revealed a significant difference between the CA group (M = 8.59, SD = 1.70), MA 

group (M = 7.53, SD = 0.92), and DS group (M = 6.05, SD = 1.70), F(2, 59) = 27.67, p < .001. 

Follow up tests, revealed significant differences between all pairs of the three groups (i.e., CA > 

MA > DS; all p-values < .016). 

The response time (measured in milliseconds) data for the Landmark Recall task 

paralleled the results for the number of landmarks successfully recalled. It is important to 

remember, however, that the experimenter pressed the button for participants in the DS and MA 

groups, but not for the CA group. Therefore, extreme care must be used when interpreting the 

results of the response time data. There were again violations to normality and homogeneity of 

variance, though the violations were less extreme. Therefore, only an ANOVA was conducted. 

The ANOVA revealed a significant difference between the CA group (M = 2094.76, SD = 

707.29), MA group (M = 3483.10, SD = 993.08), and DS group (M = 4969.78, SD = 2128.20), 

F(2, 59) = 24.90, p < .001. Follow up tests, revealed significant differences between all pairs of 

the three groups (i.e., CA > MA > DS; all p-values < .016). 

Survey 
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 The survey was filled out by 17 parents of young adults in the DS group and 12 parents 

of children in the MA group. Please see Table 3 for descriptive statistics. Independent-samples t-

tests were conducted to examine possible differences in parental beliefs and concerns about their 

child’s wayfinding ability. The t-tests revealed no significant differences between the DS and 

MA groups on the mean response for any of the questions (all p-values > .2). In other words, 

there was no evidence that parents of individuals with DS were more or less concerned with their 

children’s ability to navigate than parents of typically developing young children. 

 

 As an exploratory analysis, Pearson correlation coefficients were calculated to identify 

possible relationships between parental responses for different questions. All of these 

correlations were examined both within each group and with the data collapsed to include all 

responses. Very few correlations reached the level of significance, at least partially due to the 

overall low response rate. Of note, there was a significant negative relationship between parental 
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worry about their child getting lost and parental judgment of their child’s ability to independently 

navigate their neighborhood, r(27) = -.389, p < .05, though it was largely the DS group (r = -

.576) and not the MA group (r = -.087) that drove the correlation. This may suggest that parents 

with children with DS tend to worry more if they perceive their child as having a low ability to 

navigate their neighborhood. However, caution is needed whenever interpreting the results of 

exploratory analyses, especially when there is not a consistent pattern throughout the data.  
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DISCUSSION 

 Several recent studies have investigated wayfinding abilities in people with DS. There 

has been a consensus that this group has general deficits related to navigation, with specific 

deficits in landmark memory and route learning. Further, there are several theoretical reasons 

why these wayfinding deficits should extend to developing and using survey representations of 

environments, including observed weaknesses in representing allocentric processing in smaller 

scales of space and abnormal hippocampal development. However, the empirical evidence has 

not conclusively demonstrated a weakness in acquiring survey knowledge.  

The current study sought to better understand the particular pattern of wayfinding 

weaknesses in DS. More specifically, young adults with DS were compared to two comparison 

groups, one matched on mental age and the other matched on chronological age, on their ability 

to find a novel shortcut in a virtual environment. This study was unique because survey 

knowledge was measured after the initial exposure to the environment and again at two other 

time points, providing a more comprehensive assessment of learning than previous studies. 

Development of Survey Knowledge in People with Down syndrome 

 Participants with DS demonstrated a relative weakness compared to both CA and MA 

matched participants at acquiring survey knowledge of the environment. After the initial 

exposure to the environment, participants with DS struggled to find the target. Qualitatively, 

their performance appeared to be pseudo-random, taking many turns away from the general 

direction of the target. Quantitatively, compared to typical adults, the participants with DS 

traveled a longer distance and took more time to find the target. Interestingly, though, the typical 
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children also performed relatively poorly after the first exposure, also travelling a longer distance 

and taking longer to find the target relative to the typical adults. The participants in the DS and 

MA groups showed no evidence of differing from each other. This suggests that both young 

adults with DS and typical children acquire less survey knowledge than typical adults after the 

initial exposure to a new environment. 

 The general pattern of performance across trials suggests how people may develop 

increasing accurate survey representations in real-world settings. In the current study, 

participants in both the CA and MA comparison groups, showed evidence of improvement on 

successive trials. More specifically, the typical children demonstrated a linear improvement in 

both distance traveled and time taken to find the target. The typical adults also showed a linear 

improvement in distance traveled, but demonstrated a quadratic trend in the time taken to find 

the target. This indicates that they were nearing a ceiling effect. In fact, only 7.4% of the typical 

adults found the target using the shortest path after the initial exposure, while nearly half (48.1%) 

could accomplish it by the final trial. Regardless, it was evident that participants in both groups 

demonstrated learning over time. 

In stark contrast to the performance of typical participants, those with DS did not 

demonstrate any learning across trials. In fact, there was a marginally significant trend for 

participants with DS to do worse on trial 2 before correcting back to their original performance 

by trial 3. This is an important finding, as it indicates that the deficits in survey knowledge 

observed in other studies (e.g., Farran et al., 2015) may be a product of learning in the 

comparison groups that is not evident in a DS group. More specifically, it seems that participants 

in the DS group obtained little survey knowledge after the initial exposure and failed to improve 

upon that level of knowledge, whereas the typical participants in the MA group obtained a 
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similarly small amount of survey knowledge initially but gradually improved across subsequent 

trials. The CA group, however, obtained a similar amount of survey knowledge after the initial 

exposure as the MA group had obtained by the final exposure, with steady improvement by trial 

3. This indicates that the participants with DS would require many more exposures before they 

can exhibit benefits from repeated navigation, if they can benefit at all. 

Performance on subsequent trials suggests that the participants with DS began to diverge 

from the comparison groups over time as a consequence of not demonstrating any learning. More 

specifically, compared to the typical children and adults, the individuals with DS showed worse 

performance on the succeeding trials, though the difference between the DS and MA groups at 

trial 3 was only marginally significant after a Bonferroni correction. To summarize, the pattern 

of results is consistent with the conclusion that survey knowledge in DS is impaired relative to 

typical controls, though the nature of this deficit is in the ability to learn over time.   

The simple effects testing, for both the distance traveled and time taken to find the target, 

revealed large effect sizes between the participants with DS and the comparison groups. More 

specifically, compared to typical children after the first trial, the effect sizes were relatively large 

(ranging from .432 to .958), indicating a substantial deficit relative to their expected 

developmental level after repeated exposures to the environment. This is important for 

theoretical reasons, as it emphasizes the substantial difference in how people with DS perform 

relative to those matched on mental age. When compared to typical adults, the participants with 

DS showed an even more substantial deficit.  

Consistent with previous findings (e.g., Davis et al., 2014), individuals with DS 

demonstrated a deficit in learning landmarks compared to mental and chronological aged 

matched comparison groups. More specifically, the participants with DS successfully recalled 
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fewer landmarks than the control groups. Further, when they did successfully recall landmarks, 

the participants with DS took longer than the control groups to identify them, possibly 

suggesting less familiarity with the items. However, this last point is especially speculative 

because the experimenter pressed the desired button on behalf of the participants in the DS and 

MA groups and because there was no measure of baseline performance.   

Both the Siegel & White (1975) and Piaget & Inhelder (1967) theoretical frameworks 

discussed above suggest that survey representations are developed from more rudimentary 

wayfinding abilities, such as recalling landmarks or following specified routes. Therefore, it 

could be argued that the inability of the participants to develop a survey representation was 

based, at least in part, on a deficit in recalling landmarks. Although the argument was made that 

these abilities are more separable than the theories would suggest (see Ishikawa & Montello, 

2006), it is still reasonable to suspect that the inability to readily recall landmarks makes decision 

making at each landmark more difficult, thereby negatively affecting performance in this group. 

The current study does not add any conclusive evidence supporting this argument, though the 

findings are, at the very least, consistent with this idea. 

Cognitive Mechanisms Explaining Deficits in Down syndrome 

 The current study is consistent with previous empirical research that suggests differences 

in the way people with DS form or use survey representations. Further, the developmental 

differences in typical populations also follows previous findings in wayfinding research. 

However, the theoretical works discussed above do not offer satisfactory explanations as to why 

these differences occur. Although it is speculative by its very nature to talk about causation, it is 

fruitful to try to identify certain abilities as cognitive mechanisms explaining the observed group 

differences.  
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 As discussed above, the hippocampal region is negatively affected in DS. More 

specifically, studies have demonstrated that the hippocampus is, on average, smaller by volume 

in both children and adults with DS compared to typical populations, even after accounting for 

an overall smaller brain size (Aylward et al., 1999; Pinter et al., 2001). Further, Pennington et al. 

(2003) demonstrated behavioral deficits in behaviors associated hippocampal functioning 

relative to behaviors associated with the prefrontal cortex. Because of the relationship between 

this brain region and the formation of survey representations (see Maguire et al., 1998), 

hippocampal dysfunction is often assumed to be a major mechanism behind the broad 

wayfinding deficits observed in DS (for examples see Davis et al., 2014 or Lavenex et al., 2015). 

However, to the author’s knowledge, no study has tried to explain the specific cognitive 

mechanisms connecting the hippocampus to survey representations in DS. The hippocampus is 

associated with a range of cognitive abilities and behaviors. Of these, four abilities stand out as 

likely candidates to explain the observed weaknesses: long-term memory, pattern recognition, 

spatial orientation, and path integration.  

Long-term memory weaknesses in DS tend to be associated with explicit verbal memory 

(see Carlesimo, Marotta, & Vicari, 1997). At least intuitively, there is a relationship between the 

ability to remember semantic information about an environment and the ability to use a spatial 

representation of that space. If this ability is a weakness for people with DS, it could lead to the 

observed findings. For example, participants may have tried to remember that the target (i.e., the 

door) was located near a specific landmark, and tried to use that landmark as an intermediate 

goal. Finding the helpful landmark would then facilitate the development of a survey 

representation by providing a reference point between the starting location and target. In fact, 

qualitatively, it appeared that many participants, especially in the DS and MA groups, used this 
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as a strategy, as evidenced by facial expressions or small gestures of excitement when seeing 

landmarks located near the target. It is worth noting, however, that this did not always lead to an 

efficient trial, as participants sometimes went the incorrect way after seeing the landmark. 

Nevertheless, long-term memory weaknesses may partially explain the connection between the 

hippocampus and wayfinding deficits.  

Pattern recognition may also explain how hippocampal dysfunction relates to the current 

findings. Pattern recognition may be used by participants to more efficiently ‘map’ the 

environment. More specifically, finding similarities and connections between the different parts 

of an environment should allow participants to better understand the general structure of the 

environment. In nonhuman studies, hippocampal legions disrupted the ability to use the spatial 

pattern of objects to find a target location (e.g., Gold & Kesner, 2005). This ability is likely 

related to the more complex ability of integrating spatial information across different parts of an 

environment (see Burgess, Maguire, & O’Keefe, 2002).  

In the current study, the environment was not symmetrical, an experimental feature that is 

less common than using symmetrical environments. However, there were several general 

patterns that, if recognized by participants, could make simplification possible. In particular, 

participants that recognized the environment was built in an approximate ‘T’ shape could have 

used the information to break the environment into two parts: the top and bottom of the ‘T’ 

shape. Admittedly, it is unclear whether this should be considered recognizing a pattern in the 

traditional sense, as opposed to just being an inherent part of cognitive mapping as proposed by 

Tversky (1993). Nevertheless, pattern recognition could make representing survey information 

easier by providing added efficiency, which could explain why people with DS struggle with this 

ability. 
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Spatial orientation and path integration may be the most important mechanisms for 

explaining the relationship between hippocampal functioning and creating survey representations 

from a spatial mechanistic perspective. As people travel along a route, they must update their 

relative spatial location within the environment (see Burgess, Maguire, & O’Keefe, 2002 for a 

discussion of how this relates to the hippocampus). It is this updating that requires a sense of 

spatial orientation and path integration to successfully form and use survey representations 

(Arnold et al., 2013). To accurately form survey representations, a person must retain a sense of 

heading orientation as a means to connect various parts of an environment relative to each other. 

For instance, if a person turns away from one path towards another, they must update their 

orientation within the context of the larger environment to appropriately map where the two 

paths meet in relation to one another. This process can then continue as different areas of the 

environment are integrated into a holistic representation.  

Evidence for the strong connection between spatial orientation and forming survey 

representations is supported by studies examining sense of direction. People’s self-reported sense 

of direction seems to be related to spatial orientation (Kozlowski & Bryant, 1977), and both 

sense of direction and orientation are related to more broadly defined wayfinding ability 

(Prestopnik & Roskos-Ewoldsen, 2000). Arnold et al. (2013) found a correlation between spatial 

orientation and both the formation and usage of cognitive maps, arguing that the hippocampus 

plays an important role in integrating various aspects of spatial orientation. If this is the case, the 

relative weakness observed in DS may be partially explained by the inability to consistently 

reorient during spatial updating while navigating a new environment. These studies also 

demonstrate the difficulties in separating the processes of forming and using survey 

representations.  
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 To fully understand the role of spatial orientation and path integration at the neuronal 

level, it is important to extend beyond the hippocampus to neighboring brain regions, particularly 

the medial entorhinal cortex. At the cellular level, hippocampal place cells can provide a 

mechanism for understanding how far and what direction an animal (including humans) has 

moved. This process is similar to the original model proposed by O’Keefe & Nadel (1978) with 

an allocentric coordinate system that is updated through movement and head direction, as 

discussed above (see Burgess, 2006). However, the hippocampal place cells differentially 

represent various aspects of an environment (Gothard, Skaggs, & McNaughton, 1996), a finding 

consistent with behavioral results (Han & Becker, 2014). More recent neuroscientific evidence 

suggests that a complete path integration system likely relies in part or completely in the medial 

entorhinal cortex (see McNaughton et al., 2006 for a review). Regardless of its exact location, 

this may indicate that the observed weaknesses in representing allocentric spatial information 

could be related to an inability to fully integrate the various aspects of the environment.  

 The cognitive mechanisms discussed above would negatively affect many components of 

wayfinding behavior. For example, the ability to remember the location of landmarks and use 

that information to aid in navigation is closely associated with long-term memory (see Miller, 

Vedder, Law, & Smith, 2014 for a review), while both verbal and spatial working memory are 

related to route learning (Meilinger, Knauff, & Bülthoff, 2008). Given the empirical evidence 

supporting general wayfinding deficits in DS discussed above, it seems reasonable to ask: Do 

weaknesses in landmark recall and route learning also help explain the deficit in forming or 

using survey representations?  

 According to the prominent wayfinding theories (e.g., Siegel & White, 1975), 

navigational representations should follow a hierarchy. Despite evidence that there is not a strict 
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separation to the various components of wayfinding, there is a clear hierarchical relationship, 

especially between landmark, route, and survey knowledge. More specifically, if landmark 

memory for a given environment is so limited that one cannot even recognize having previously 

seen a landmark, that landmark clearly cannot be used to aid navigation. To use a less extreme 

example, having a clear sense of where a particular route leads should aid the ability to integrate 

that path within a larger spatial representation. Further, the more sophisticated the knowledge of 

the route, the more accurate the survey representation should be.  

It may also be the case, however, that not having an accurate survey representation limits 

landmark and route knowledge. A distorted sense of where one route meets another would 

obviously disrupt the ability to follow a complex route. Most studies on wayfinding in DS use 

virtual environments that follow 3X3 grids. An inability to grasp the configuration of the 

environment, part of a survey representation, may prevent improvement in route learning across 

trials. In fact, Courbois, Farran et al. (2013) reported that fewer participants with DS were able to 

successfully learn two routes in the maximum number of trials than participants a mental-age 

matched control. This finding may have resulted from an inability to accurately form a survey 

representation, though the suggestion is speculation.   

Development of Survey Knowledge in Typical Adults 

 The current study provides insight in how survey knowledge emerges across repeated 

exposures to an environment in typical adults. In the current study, participants in the CA group 

were able to find the target after an initial exposure to the environment quicker and using a 

shorter route than people with DS or typical children. Then, they improved linearly until 

beginning to reach a ceiling effect on performance. By the final trial, participants in the CA 

group still demonstrated better survey knowledge than the those in the DS and MA groups. 
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Importantly, it is possible that the participants in the DS and MA groups may have reached the 

same level of survey knowledge given additional exposures. Nevertheless, the results of the 

current study indicate that typical adults require fewer exposures to develop survey knowledge in 

previously novel environments.  

As discussed above, Ishikawa & Montello (2006) investigated the development of survey 

knowledge over repeated exposures to an environment in typical adults. Two relevant 

conclusions were drawn from their study; namely, that participants demonstrated some survey 

representation after the initial exposure to an environment and that participants showed minimal 

improvement across multiple exposures. In other words, the participants in Ishikawa & Montello 

(2006) developed a spatial representation relatively quickly, which remained stable over time. 

The current study supports the first conclusion and provides a possible explanation for the 

second conclusion.  

In the current study, the typical adults demonstrated an improved ability to find a shortcut 

after the initial exposure to the environment, indicating better survey knowledge. Relative to the 

DS and MA groups, typical adults demonstrated that they had developed a survey representation 

of the environment quite efficiently. This conclusion complements the finding of Ishikawa and 

Montello (2006) because their study compared performance after an initial exposure to chance-

level performance. Thus, while Ishikawa & Montello (2006) provide an absolute measure of 

performance, the current study complements that with a relative measure.  

The two studies begin to diverge when looking at change in the spatial representation 

across repeated exposures. Ishikawa & Montello (2006) found minimal improvement over time, 

and instead focused on individual differences in ability. However, the authors did not measure 

survey knowledge in some tasks until the fourth exposure to the environment, while the current 
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study begins measuring survey knowledge after the initial exposure. In fact, if the trials 

themselves are thought of as additional exposures, the second trial in the current study is 

conducted after four previous experiences in the environment (i.e., three experimenter-controlled 

trials and one participant-controlled trial; note Ishikawa & Montello only utilized experimenter-

controlled trials). If the current data were only analyzed for the last two trials, a similar 

conclusion would be drawn. Put differently, if the first trial was removed, it would appear as if 

the participants were showing little to no improvement in their ability to find a novel route. It is 

only by including the first trial that the learning becomes evident. Ishikawa & Montello, 

therefore, effectively limited their ability to demonstrate learning in several of their measures, 

indicating that the disagreement between the findings may be a product of methodological 

differences.  

At least two conclusions can be drawn about how typical young adults develop survey 

knowledge across repeated exposures to an environment. First, typical adults show some 

evidence of having developed a survey representation after only one exposure to a novel 

environment. Second, typical adults demonstrate behavior (i.e., improvement across trials) that 

suggests they are better able to represent the configurational features of an environment over 

time. This second point may suggest that the accuracy of the spatial representation improves over 

time, and individuals are thus better able to decide which of multiple paths will be more efficient. 

However, it could also suggest that people are just better able to use the representation to make 

decisions, even if the quality of that representation does not change. The current study cannot 

distinguish between either of these possibilities, though, of course, reality may reflect a 

combination of the two. Either way, it is clear that typical adults develop better survey 

knowledge over repeated exposures. 
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Development of Survey Knowledge in Typical Children 

 The current study also provides insight in how survey knowledge emerges across 

repeated exposures to an environment in typical children. Participants in the MA group had a 

particularly interesting pattern of results. After the initial exposure to the environment, the 

children were significantly slower and traveled a longer distance to find the target than the 

typical adults, but showed no differences in performance from the participants with DS. This 

result is consistent with past research (e.g., Curtis, Siegel, & Furlong, 1981), which has tended to 

identify increased performance on many wayfinding-related tasks from early childhood until late 

childhood with fewer differences between older children and adults (Poirel et al., 2011; Jansen-

Osmann & Petra Fuchs, 2006; though also see Broadbent, Farran, & Tolmie, 2015).  

Unlike the participants with DS, the typical children showed a linear increase in 

performance on subsequent trials. Although this group never reached the performance of typical 

adults, it was evident that they were continuing to improve performance over time. It is certainly 

plausible that the typical children could have reached ceiling performance with additional 

exposures to the environment. This is a speculative assertion that the data in the current study 

cannot support or refute.  

 The results of the current study are especially interesting when considering the age of the 

children. To match the DS group on nonverbal intelligence, most participants were aged 4 to 5 

years. Herman (1980), discussed above, also measured survey knowledge in young children after 

three different exposures to a novel environment. In that study, the children were approximately 

six years of age. Thus, the current study found similar performance (i.e., a steady increase in 

performance, but still lower ability level than older controls) in younger children. It seems that 
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children as young as fours year old can empirically demonstrate survey representations in a 

wayfinding task. 

 Piaget & Inhelder (1967) identified a four-stage theory to explain the development of 

children’s spatial representations. Children, they argued, begin by only understanding elementary 

proximities between objects, and don’t develop true allocentric representations until the third 

stage of the theory. Siegel & White (1975) had a similar conception of how wayfinding ability 

develops. The current study fits with more modern empirical work in demonstrating that survey 

representations likely develop concurrently with other forms of spatial representation (e.g., 

egocentric route-based representations). However, the theoretical frameworks demonstrate their 

usefulness for understanding the results in terms of a hierarchical approach to wayfinding ability. 

More specifically, the group differences observed in the Shortcut task were also evident in the 

Landmark Recall task. Therefore, participants that were better able to remember the location of 

landmarks likely had an advantage in identifying the most efficient route. Of course, it is also 

possible that better performance on both tasks was associated with a more general advantage in 

spatial processing. 

 The observed developmental differences between typical children and adults seem to be 

quantitative in nature. More specifically, the two groups demonstrated a roughly equivalent 

pattern of results, but with the adults outperforming the children on each trial. If this is the case, 

it may be that some of the same cognitive mechanisms responsible for creating individual 

differences in adults are also responsible for the developmental differences. Two such 

mechanisms are verbal and spatial working memory (Meilinger, Knauff, & Bülthoff, 2008; 

Labate, Pazzaglia, & Hegarty, 2014). The children may use working memory to complete the 
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tasks in the same way as the adults, but in a limited capacity. In general, this view could be 

thought of as a broad difference in cognitive functioning that leads to observable differences. 

 An alternative to the viewpoint of a quantitative difference is that there is a qualitative 

difference in how the children formed the spatial representations. This alternative view is more 

consistent with the developmental stage theories of wayfinding, as well as with other 

developmental theories of Piaget (e.g., Piaget, Inhelder, & Szeminska, 1960). Evidence for this 

view comes from studies that show systematic differences in how young children differ from 

older children and adults in how they represent space. For example, Poirel et al. (2011) 

investigated developmental differences in length estimations using egocentric and allocentric 

viewpoints. They found quantitative improvements across childhood when viewing from an 

allocentric perspective. When viewing from an egocentric viewpoint, however, the children 

below eight years of age differed from the older children and adults qualitatively in the type of 

errors made. Further evidence for this viewpoint is that young children tend to show weaknesses 

compared to older children and adults, who do not differ from one another, on a variety of tasks 

requiring flexible survey representations (e.g., Curtis, Siegel, & Furlong, 1981; Cornell, Heth, & 

Alberts, 1994; Jansen-Osmann & Fuchs, 2006).  

 The current study cannot distinguish between these two competing views. However, at 

least speculatively, both ideas can contribute to an understanding about the developmental 

differences. On the one hand, there are likely some cognitive mechanisms, such as working 

memory, that show steady quantitative improvements across development. On the other hand, 

there are also some cognitive abilities, such as the perceptual differences investigated by Poirel 

et al. (2011), that show qualitative changes in development. 

Wayfinding Interventions 
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One important feature of the current study is that survey knowledge was measured at 

multiple time points. This proved important for understanding the nature of the weakness in DS; 

specifically, that behaviors requiring accurate survey representations are not initially impaired 

relative to typical children matched on nonverbal ability, but rather that the weakness emerges 

over time as a result of improvement in one group but not the other. The relative weakness that 

emerges across repeated exposures suggests that there is a difference in how young adults with 

DS and typical children learn about their spatial environments. The results of the current study 

indicate that typical children can effectively use previous experiences to gradually improve upon 

their initial ability. This ability to improve performance across trials is not evident in people with 

DS. It could be the case that learning does occur, but requires more exposures than were used in 

the current study. For participants with DS, it may be that their initial performance is actually 

impaired compared to the children, although there is not a significant quantitative difference 

from the typical children. In other words, the impairment after the initial exposure, if one even 

exists, may be a qualitative difference in the groups. More specifically, it may be the case that 

the people with DS are not forming the types of representations that can be improved. However, 

this is speculative as the current study did not assess the quality of their initial representation. 

To the author’s knowledge, this is the only study looking at how survey representations 

develop across repeated exposures in people with DS. Given the recent empirical studies (e.g., 

Courbois, Farran et al., 2013; Davis et al., 2014; Farran et al., 2015) demonstrating a broad 

wayfinding deficit in DS, it is reasonable to begin thinking about possible behavioral 

interventions. The current findings support the need for researching interventions and provide a 

helpful framework for understanding possible barriers.  



 

 
58 

The relatively large effect sizes observed in the current study illustrates how sizeable a 

weakness survey knowledge is in DS relative to the performance of typical individuals. When 

considering possible behavioral interventions, in particular, it is the comparison between 

individuals with DS and typical adults that is most noteworthy because the ultimate goal of most 

interventions is to increase the quality of life for the targeted population. In the context of 

wayfinding research, this means that the goal of an intervention would be to increase quality of 

life by increasing access to social resources, broadly defined. From this perspective, it is evident 

that people with DS are less effective when it comes to learning and navigating the environment 

than their typical peers.  

Before considering the logistics of a behavioral wayfinding intervention, a broad decision 

must be made to decide which areas of spatial ability should be targeted. Many potential areas 

for improvement exist, such as basic spatial abilities (i.e., mental rotation, visual-spatial working 

memory), the ability to identify and use landmarks, remembering specific routes, or explicitly 

trying to teach the spatial configuration of the environment. All of these methods may prove 

fruitful in improving wayfinding ability and, consequently, access to community resources (see 

Lawton & Kallai, 2002).  

The findings of the current study raise a few questions and potential areas for concern. 

First, participants in the DS group showed no evidence of learning a shortcut through the 

environment. Therefore, it is worth asking if it is even possible for them to develop or use 

comprehensive survey representations. Of course, it is possible that the current study did not 

have the power to observe learning in this group. However, this should be qualified by the fact 

that typical children demonstrated learning and that a trend in the data indicated that participants 

with DS actually began to get worse on trial 2 before going back to their initial performance by 
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trial 3. It could also be the case that more exposures were needed for people with DS to learn the 

spatial configuration of the environment. Clearly, more research is necessary to determine the 

cognitive capacity to represent complex environments in people with DS. That future research 

should use many trials, in both simple and complex environments, to better understand the 

potential for learning in this population. 

If future research corroborates the, albeit speculative, claim that people with DS do not 

have the cognitive capacity to accurately represent complex environments, hippocampal 

dysfunction is a likely cause for the limitation. As discussed above, research using a variety of 

methodologies has found behavioral deficits in cognitive processes highly correlated with the 

hippocampal region (e.g., Pennington et al., 2003). Given the close relationship between survey 

knowledge and the hippocampal region (see Maguire et al., 1998), it may be beneficial to 

investigate ways of improving hippocampus-related behaviors. The current research on this topic 

is mixed (e.g., Conners, Rosenquist, Arnett, Moore, & Hume, 2008; Costa, Purser, & 

Passolunghi, 2015), although a tentative conclusion may be that people with DS are susceptible 

to cognitive training programs, though with limited outcomes on distal measures. In other words, 

it seems that people with DS can improve on cognitive training tasks, but it is not clear that these 

improvements generalize to higher-order thinking skills. 

A general conclusion of the current study is that people with DS may need either a 

directed learning approach or additional exposures to reach the levels of survey knowledge 

commensurate with their expected developmental level. Future research on wayfinding 

interventions should also at least consider the possibility that people with DS cannot reach 

expected levels of survey knowledge without specific training. Put differently, it may be that 

simple exposure to the environment is not enough to close the gap in performance observed in 
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the current study, although such a claim requires direct investigation. If this is the case, cognitive 

training programs that improve the fundamental cognitive abilities underlying the development 

and use of survey representations are likely worth exploring.      

Limitations 

 It is important to consider a few limitations of the current research. One such limitation is 

that the groups did not match each other in terms of gender distribution. Therefore, it was not 

possible to examine the role of gender on the development of survey representations. Previous 

psychological research has demonstrated possible differences in how males and female complete 

wayfinding tasks (Lawton, 1994), and the current study could not account for gender differences. 

Importantly, to the author’s knowledge, no other study on wayfinding ability in DS has reported 

sex differences (or the lack thereof), including those studies that approximately matched groups 

on gender (e.g., Courbois, Farran et al., 2013; Davis et al., 2014, Experiment 1). Nevertheless, 

having data on possible gender differences would be preferable, and future research should seek 

to better understand potential gender effects. 

 Another limitation of the current study was that there was no comparison group of 

participants with intellectual disability from mixed or unknown etiologies. Cognitive weaknesses 

in DS are determined by relative performance. A comparison to typical adults provides insight in 

how “typical” people perform a task, essentially serving as a benchmark for performance. 

However, individuals with DS have intellectual deficits such that they will perform less well 

than, and possibly qualitatively different than, typical adults on virtually all cognitive tasks. 

Therefore, the inclusion of this group is helpful as a benchmark for performance but adds little 

else. A comparison to typical children, matched on some cognitive measure or measures, 

provides valuable insight in how people with DS compare to those at their approximate 
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developmental level. However, there is an important qualitative difference between adults and 

children operating at a given development level. By comparing people with DS to those with 

intellectual disability from different, or unknown, etiologies, it is possible to account for this 

weakness because this comparison group is of a similar developmental level and chronological 

age. That being said, important conclusions about relative strengths and weaknesses can still be 

made using only typical children as a control group, and several other studies have also chosen to 

not include participants with intellectual disability but not DS (e.g., Courbois, Farran et al., 2013; 

Farran et al., 2015), probably for practical reasons. Nevertheless, a comparison to a mixed-

etiology intellectual disability group would add another dimension to our understanding of how 

survey knowledge develops in DS.  

 A final limitation worth noting is that the current study made use of relatively small 

sample sizes. This raises a concern that the results are not necessarily applicable to the general 

populations of interest. In other words, it is difficult to make broad conclusions about all people 

with DS by studying only twenty individuals. However, the current study had adequate power to 

identify many between-group differences and within-group trends. Although this does not 

alleviate the concern regarding generalizability, it does suggest that the sample size was 

sufficient for the purposes of the study. Small sample sizes are the result of the difficulty in 

recruiting participants with DS that meet the eligibility requirements of studies. Regardless, it is 

clear that higher sample sizes are greatly preferable for fully understanding any psychology 

construct, especially in people with DS. In fact, this very point stresses the need for more 

qualitative literature reviews (e.g., Yang, Conners, & Merrill, 2014) and quantitative meta-

analyses (e.g., Næss, Lyster, Hulme, & Melby-Lervåg, 2011) in research on DS. These reviews 
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allow for conclusions to be drawn from across several studies, minimizing the consequences of 

the low sample sizes observed in many studies.  

Future Directions 

 The pattern of results in the current study has important implications for wayfinding 

interventions in DS. Future research should seek to better understand how training specific areas 

of weakness will impact overall wayfinding ability. If the weaknesses observed in the current 

study are a product of unalterable hippocampal deficits, researchers should seek alternative ways 

to support wayfinding behavior. One such alternative in technology. More specifically, it may be 

beneficial to the DS community if wayfinding interventions focused on the use of technology to 

aid in navigation.  

All of the recent studies investigating wayfinding in DS have made use of virtual 

environments. Future research should focus on replicating the results of these studies in real-

world environments. To the author’s knowledge, there are no published studies that directly 

examine wayfinding ability in people with DS in real-world environments. This is important as 

real-world environments differ in many ways from their virtual equivalents, including their 

richness and complexity. However, there are indications that the deficits observed in virtual 

environments will carry over to real-world settings. More specifically, studies have empirically 

demonstrated that weaknesses originally identified in virtual environments, such as landmark 

deficits in people with intellectual disability (Courbois, Blades, et al., 2013) or allocentric 

processing deficits in people with DS (Lavenex et al., 2015), carry over to real-world 

environments. 

Future research should also seek to study wayfinding using a wider range of 

environmental configurations and tasks. Many studies, as mentioned above, use relatively 
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simplistic environments (e.g., a 3x3 grid) when studying wayfinding in young children and 

people with intellectual disabilities. These simple and regularly-shaped environments restrict a 

more complete understanding of ability, as they do not match most real-world settings. A more 

complex environment was chosen for the current study for this very reason. Further, due to the 

difficulty in recruiting participants and creating reasonable task demands, studies in these 

populations tend to use fewer methods of measuring wayfinding ability. For example, Ishikawa 

& Montello (2006) makes use of a wide range of tasks to study survey representations, while the 

current study uses only one method (i.e., finding a shortcut). Thus, the legitimacy of the 

conclusions drawn are limited to the validity of a single methodological design. Future research 

should seek to use more sophisticated environments and methodologies when examining 

wayfinding in special populations.     
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APPENDIX A 

Outline of Virtual Environment (bird’s eye view) 

Environment Outline 1 

 

Illustration 1. The black lines represent solid walls. The “start” and “stop” words identify where 
participants began and ended each trial in the Shortcut Task. The squares serve as units of 
distance.
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Environment Outline 2 

 

Illustration 2. A second representation of the same environment, with a green square indicating 
the start point and a red square indicating the target. 
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APPENDIX B 

Screenshot of the Virtual Environment 

Screenshot of Environment 

 

Illustration 3. Sample of what participants would have seen when navigating through the virtual 
environment. 
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APPENDIX C 

Results of Pilot Testing 
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Figure 5. Mean distance traveled (in blocks) to find the target across the three 
trials for each participant group in the pilot testing. The data indicates that the 
selected environment reasonably meets the stated goals. 
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APPENDIX D 

Sample Trial from the Landmark Recall Task 
 

 
 
Illustration 4. In the Landmark Memory task, participants would see, as an example, the above 
pictures. They would decide which landmark appeared in the environment during the Shortcut 
Task. All landmarks were paired with reasonably similar alternatives, as in the above example.  
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APPENDIX E 

Survey 
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APPENDIX F 

Human Subjects Approval 
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