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Abstract:

The ability to describe routes was assessed in participants with intellectual disability (ID)
and participants without ID matched on chronological age (CA) or on mental age (MA). In two
experiments, participants learned a route through a virtual environment until they reached a
learning criterion. Then, they were asked to externalise their spatial knowledge in a verbal
description task, a landmark recognition task or a map completion task. Results revealed that
participants with ID mainly described the reuat a succession of actions (“turn left”) while
participants irthe CA group prescribed actions referring to a landmark (“turn left at the swing”).

Yet, results from the other tasks showed that individuals with ID had good landmark knowledge

of the environment.
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Spatial abilities in individuals with intellectual disability (ID) have been mainly studied

using small-scale spatial tasks. Research has relied on small-scale spatial configurations to test

memory for spatial locatiop (Ellis, Woodley-Zanthos, & Dulaney, .L|9}39Iiani, Favrod,

Grasset, & Schenk, 20[L1), visuo-spatial working men|\ory (Henry & MacLean|(R082nquist

Conners, & Roskos-Ewoldsen, ZTrSihuchardt, Gebhardt, & Maehler, 2010) or spatial visual

imagery|(Courbois, Oross, & Clerc, Z(TrWoskos-Ewoldsen, Conners, Atwell, & Prestopnik,

20086).

Recently, there has been renewed interest in studying spatial cognition in large-scale

navigable environments, following the seminal work of Golledge, Richardson, Rayner, and

Parnicky (1983). These researchers tried to assess the level of knowledge that individuals with
mild and moderatéd had of the city in which they lived. Among different tasks, participants
were asked to name all of the places that they knew in their town, to put pictures of different
scenes located along a familiar route in the correct sequential order, and to place the main city

landmarks on a map. The results were interpreted with reference to the developmental model of

Siegel and White (1975) which predicts thiaidren’s representation of large-scale

environments follows a sequence of three distinct types of spatial knowledge. The first stage of
acquisition of spatial knowledge includes landmark information (visual objects or scenes in the
environment that are memorized and recognized when perceived). In the second stage, routes are
established between landmarks. Route knowledge consists of sequence of landmarks and
associated decisions. In the third stage, configurational knowledge is elaborated. This consists of
a two-dimensional representation containing information about spatial relationships among

landmarks and routes, and including metric properties such as distance and direction (see also
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Golledge, Smith, Pellegrino, Doherty, & Marshal, 1T|8’5)ntello, 1998). Golledge et al. (1983)

found that individuals withD could develop landmark and route knowledge of the environment
in which they live but they could not access configurational knowledge. They knew places along
routesto their workplaces, shopping areas and entertainment areas but they did not seem to

understand the two-dimensional spatial relations of their environment.

Research on the acquisition of spatial knowledge in new environments (microgenesis) in

individuals withID has led to the same conclus|on. Farran, Blades, Boucher, and Trantef (2010)

studied route learning in participants with Williams Syndrgmean age = 15;4, mean 1Q =

59.3), participants with moderate (mean age = 14;11, mean IQ = 60.8) and typically
developing teenagers matched on chronological age (mean age = 15;3). The participants were
guided along an unfamiliar 1-km route with 20 junctions and then retraced the route twice.
Results showed that participants with William syndrome (WS) and participantibatbre

able to learn a new route through an unfamiliar environment. Moreover, the use of verbal
labelling (instructions that included directional information and information about features along
the route) improved learning in these groups. HoweveM8group and théD group had poor
relational knowledge compared to the typically developing group. They were not able to

correctly identify the spatial relationships between landmarks in a pointing task (pointing to non-

visible landmarks located along the route). In another experiment, Mengue-Topio, Courbpis,

Farran, and Sockeel (2011) assessed the ability to learn routes though a virtual environment (VE)
and to make shortcut between two locations in individuals with(mean age = 29;4, mean 1Q

= 55.4) and in adults without intellectual disability (mean age = 27;1). Participants learned routes
(A<B) and (A= C) until they reached a learning criterion. Then they were asked to find the

shortest route between B and C. The ability to take a novel shortcut between these two visited
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places was considered as a behavioural evidence of the acquisition of configurational knowledge

of the environment (Foo, Warren, Duchon, & Tarr, 2005). Results showed that participants in

both groups could learn the routes, however most of the participants with ID could not find the
shortcut. These experiments suggested that individualdvitlave limitations in
configurational knowledge, but they are atdéearn routes. Recent research on route learning in

WS and Down syndrome (DS) has yielded similar results, even though individuals with DS often

performed more poorly than did participants with WS or WitfCourbois et al., 201Pavis,

Merrill, Conners, & Roskos, Zoﬂﬂiarran, Courbois, Van Herwegen, & Blades, 4[Hatran et

al., 20154).

The aim of the current experiment was to study how individuals with intellectual
disability express their route knowledge using verbal descriptions. From an ecological point of

view, the situation which involves a person asking another for information about how to find the

way though the environment is very comnion (Blades & Medlicott, [1992). From a psychological

point of view, verbal descriptions of routes relies on the interaction between two cognitive

systems with different properties: the system that codes spatial knowledge and the linguistic

system by which this knowledge is expressed in communicative situations (Daniel & Denjs,

2004| Denis, 1997). Theoretical models of route direction production generally postulate a three-

step procedure (Denis, 199bvelace, Hegarty, & Montello, 1999). The first step is the

activation of a spatial representation of the environment in which the movement will take place.
This representation is supposed to be stored in a non-linguistic format. The second step requires
planning a specific route through that environment. The third step is the formulation of the
procedure that the person will have to execute to move along the route. This verbal description

has two essentials componemtferring to landmarks and prescribing actions.
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Denis (1997) designed a classification of verbal descriptions including fives classes of

statements. Action prescription without referring to any landmark constituted the first class

(“turn right’, “go straight ahe&d and action prescription referring to a landmark constituted the

second class‘(urn left at the traffic light “take the first street on the [&ft The third class was

reference to landmarks without specifying an associated actibard is a bakery. The fourth

class was descriptions of landmarkis i6 a small green hougeand the fifth class included

commentaries that referred to the route without providing any relevant inforntatiena nice

trip”). Denis (1997) found that the frequency of theses different classes ddpentie length

of the route and the density of landmarks, but the overall distribution of the classes was quite

similar across routes (see a

so, Denis, Michon, & Tom, [PDéidis, Mores, Gras, Gyselinck, ¢

K

Daniel, 2014). Verbal descriptions by adults mainly included class 2 (henceforth referred to as

Action+Landmark) and class 3 statements (henceforth referred to as Landmark-only). The class

1 statements were less frequent (henceforth referred to as Actignidaiys et al. (1999)

described two types of landmarks. Two-dimensional landmarks made reference to path entities

that were walked on (e.g. streets, road intersections, squares). Three-dimensional landmarks

made reference to buildings

see Westerbeek & Maes, 2(

or objects along the rpute (eg. monuments, shops; for a disg

ussion

13). The results of these studies highlighted the importance of

landmarks, which were used to describe the environment, but also to specify locations where

changes of direction have to be made.

Individuals with ID are able to learn routes, even though they need more trials than

typically developing individuals to navigate without any error (Mengue-Topio et al., 20/EL)

know that they are able to follow routes, with landmarks guiding their navigational behaviour,

but we do not know exactly the nature of the spatial knowledge (procedural or declarative) they
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extract from their perceptual and motor experience of the environment. Moreover, we do not
know how they externalize this spatial knowledge using the linguistic system. The quality of
verbal descriptions will depend an individual’s level of language development because route

descriptions requiréhe use of relational terms such as “left”, “right” or “ahead. Individuals

with ID present weakness@s the mastery of relational concepts (Facon, Magis, & Courpois,

2017 |Farran, Atkinson, & Broadbent, 20[16). In the present study we expected that verbal

descriptions ofiroute by individuals with ID would be inaccurate. However, as well as the issue
of the quality of spatial discourse, we wanted to investigate how individualsiithiould
verbally express their knowledge afroute. Would they use statements that explicitly connect
actions to specific landmarks? Or, would they mainly describe a route as a series of actions, or

mainly as a series of landma®ks

In our study, participants learned a route through a virtual environment (VE) until they
reached a learning criterion. Then, they were asked to describe the route to someone who was

unfamiliar with the route but needed to walkThe route descriptions were transcribed and

coded following the method used|by Denis (1997). The VE was sparse and there was only one

distinctive landmark at each intersection, with no other landmarks along the route. Our main
interest was to analyse the verbal descriptions of decision points, because efficient wayfinding
requires making correct choices at these points. Moreover, we assessed the spatial knowledge of
the route using a landmark recognition task (experiment 1) and a map completion task

(experiment 2)

This research was the first to examine the issue of route descriptions in individuals with
ID. Following a developmental approach, we expected that individuals with ID would

demonstrate difficulties in prescribing actions referring to a landmark (Action+Landmark) in
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their verbal description of routes because this ability has a late development in chlldhood| Blades

and Medlicott (1992) asked typically developing adults and children aged of 6, 8, 10 and 12

years to describe routes from maps. They found that 6-year-old and 8-year-old children were
unable to give correct route descriptions, and that the ataildgmbine landmarks and

directions improved dramatically between the ages of 10 and 12 years. We made no assumptions
about the relative importance of Action-only and Landmark-only statements in route descriptions

of individuals with ID because previous developmental research has provided mixed results

about this. For example, Waller (1986) asked 5- and 8-year-old children to give directions

between places in a familiar area (their school). Waller found that the use of directional

%9 <¢

indicators (instructions such as “turn this way”, “you go across”, etc.) decreased with age while

landmarks information increased. Nys, Gyselinck, Orriols, and Hickmann (2014) asked adults

and children aged 6, 8 and 10 years to watch a movie of aimcatgrtual town and then to
describe the route. In constrast, Nys et al. (2014) found that both the number of landmarks and
the number of directions produced in route descriptions increased with age. These last two
experiments relied on a scoring system that did not explicitly take into account
Action+Landmark statements, and so they could not be used as the basis for praediotions

study.

Experiment 1

Method

Participants. Nineteen teenagers with intellectual disability (11 males and 8 females)

with undifferentiated etiologgnd a control group of 19 teenagers without intellectual disability
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(13 males and 6 females) matched as a group on chronological age (CA group) participated in
the study. The mean age of the group with intellectual disability (ID group) was 16 years and 6
months (SD = 1 year and 4 months) and the mean 1Q was 60.26 (WISC Ill, SD = 9.07). The
mean agef the control group was 15 years and 10 months (SD = 1 year and 1 month). The
participants were informed regarding the nature of the study and gave their consent to take part

in it. They were also informed that they were free to withdraw from the study at any time.

Materials. A virtual environment (VE) was designed using the 3DVIA VIRTOOLS
software (Dassault systemes). It was presented on a 15-inch laptop computer screen. Participants
navigated using the keyboard and the mouse. Pressing the space bar created forward movement

and moving the mouse to the right or to the left controlled rotational movements.

The VE was composed of a 5 x 4 regular grid of streets lined with high brick walls. The
VE contained 21 landmarks located at different places within the grid of streets (Figure 1). The
landmarks were familiar and easy to recognize objects (a house, an apple, a ball, a bench,
bicycle, a caravan, a hen, a chapel, a car, a swing, a plane, a bedside lamp, a rabbit, a pig, a

scooter, an armchair, shoes, a trumpet, a billboard, a parasol and a candle).

The participants navigated from a first person viewpoint, at a constant speed. They could
only follow one route in the VE. The route started from the house and contained 10 junctions,
with one landmark located at each of them (respectively, the plane, the swing, the ball, the
bench, the bicycle, the chapel, the scooter, the pig, the rabbit and the bedside lamp). There were
six changes of direction (at the plane, the swing, the ball, the bicycle, the scooter, and the bedside

lamp) and the last section of the route lead back to the starting point (the house, see Figure 2).
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During the familiarization phase, the correct route in the VE was demonstrated by using
barriers that blocked all but the correct path. During the learning phase, the VE was presented in
the same manner as at the familiarization, except that the barriers were not visible. When
participants attempted to walk down an incorrect path, the barrier appeared, preventing them

from going further.

Procedure. The experiment began with four familiarization trials. The participants were
first asked to practice moving along the route using the space bar and the mouse and to pay

attention to their surroundings as they walked the route.

During the learning phase, participants faced the house and were told to follow the same
route as in the familiarization phase without choosing a wrong path. When participants entered
an incorrect path, a barrier appeared, blocking the way. The procedure was the same as the one
used by Mengue-Topio et al. (2011). The trial was repeated until participants reached a criterion
of walking the route twice without any error. All participants reached the criterion of two

consecutive trials without error. The maximum number of learning trials to criterion was 10.

The participants were then asked to pretend that they were describing the route to
someone who needed to walk the route but did not know it. It was emphasized that the route

description should be as clear as possible so that the person would not make any errors.

After this first verbal description they participated in a landmark recognition task.
Participants were shown 10 slides showing objects in random order. Five of the slides showed
landmarks located along the route, and 5 showed objects that were not in the VE. For each of the

slides, they were asked to say if they had seen the landmark along the route.
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The participants were told to follow the route again. Then they were asked to give a
second verbal description of the route. The verbal descriptions of the route were recorded on a

digital audio recorder and then transcribed.

Dependant variables The dependant variabl@sthe route learning phase were the
number of trials to reach the criterion and the total number of exaarss trials. The dependant

variable of the landmark recognition task was the number of errors.

The first and the second route descriptions were transcribed and coded as a set of minimal

units of information, following the method used|by Denis (1P97). In the original classification,

Denis and his collaborators divided the unit of information into five classes of statements

Daniel, Dibo-Cohen, Carité, Boyer, & Denis, 200QMichon & Denis, 200[L): Action

prescription without referring to any landmark; action prescription referring to a landmark;
reference to a landmark without referring to any associated action; descriptions of landmarks;
commentaries that referred to the route without providing any relevant information. A
preliminary analysis of the route descriptions revealed that there was no description of landmarks
(probably because the virtual environment was sparse) and very few commentaries (3 for the CA
group and 6 for the ID group). Therefore, we only used three classes for the analyises: Ac
only (“you turn”); Actiont+Landmark (“you turn at the bench” or “you take the first street on the

left”); Landmark-only (“there is a bench” or “there is an intersection”). As a result, for each of

the two route descriptions, the dependant variables were: (1) the number of Action-only
statements, (2) the number of Action+Landmark statements, (3) the number of Landmark-only
statements. We also computed the total number of units of information (total number of

statements) for each route description: (1) + (2) + (3).
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Results

As the data did not meet the assumption of normality, it was analysed using non-
parametric tests. The statistical significance level was set at .05 (two-tailed). Mann-Whitney U-
tests were used to examine differences between the ID group a@htgeoup. Within each
group, we used the Friedman analysis of variance test to compare the number of statements
between the three classes. Then, pairwise comparisons were conducted using the Wilcoxon

signed rank tests (with Bonferroni correction for multiple comparjsons

Route learning phase. All participants in both groups reached the criterion of two
consecutive trials without error. The ID group needed more trials tha®&tggoup to reach the
criterion, but the difference was not significant (median number of trials to reach the criterion
CA = 2; ID = 3; p<.15). There was alsastatistical trend for the ID group to make more errors

during learning (see Table 1, p<.08).

Landmark recognition task. There was a trend for the ID group to make fewer errors

than the CA group (see Table 1, p<.10).

Route descriptions. All route descriptions were coded by two of the authors. Fifty
percent of these descriptions were coded for reliability purpose by a third coder. The coders
agreed on the classification of descriptions in 93% of the cases (Cohen’s k = 0.89, 95% CI 0.82-

0.96 indicating excellent agreement).

There was a trend for the total number of units of information to be lower in the ID than
in the CA group for both descriptions (first description, p<.07; second description, p<.09, see

Table ). The total number of units of information was not significantly different between the
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first and the second route description in A group (p<.25) but there was a trend for an

increase in the ID group (p<.08).

Comparisons between groups were performed for each class of statement. The number of
Action-only statements was higher in the ID group than inGRegroup for the two route
descriptiongExample of description for a participant with:IEstart at the house. Move forward.

Turn left. Go straight ahead. Turn right. You have to go straight ahead. Turn left. Go straight
ahead again. Turn left again. Go straight ahead again. Turn left again. Go straight ahead again
and turn left). Conversely, the number of Action+Landmark and the number of Landmark-only
statements was higher in tli®A group than in thdD group for the two route descriptions
(Example of a description for a participant of the CA grouf® straight ahead. There is a
plane. Turn left at the plane. Turn right when there is a swing. Then there is a ball. Tatn lef

the ball. Go past a chair. Then move towards a bicycle. Turn left. Go past a chapel and move
towards a scooter. There, turn left. Go past a rabbit...no a pig. Go straight ahead. Then continue

straight ahead when you see a rabbit. Turn left at the.lan@ven the similarity of the results,

the data from the first and the second descriptions were pooled for further analyses.

The Friedman analyses of variance test was significant fatshgroup > [2] = 20.72,
p<.000). Post hoc statistics revealed that the number of Action+Landmark statements was
higher than the number of Action-only statements and Landmark-only statements (respectively,
p<.01 and p<.001). The difference between the number of Action-only and the number of
Landmark-only statements was not significant (p=.39). The Friedman analysis of variance test
was also significant for the ID group £ [2] = 15.03, p<.00)L Post-hoc analyses revealed that
the number of Action-only statements was significantly higher than the number of

Action+Landmark and Landmark-only statements (respectively, p<.01 and p<.05). The number
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of Action+Landmark 2 statement was also higher than the number of Landmark-only statements

(p<.05).

Analysis of verbal protocols for navigational value. The verbal protocols were also
analysed to assess their value in terms of navigational assistance. A protocol was classified as
correct if it would help a person to follow the route and reach the final destination without any
error. Out of the 19 participanis the CA group, 10 provided at least one correct route
description, whereas out of the 19 participants with ID, only 1 provided at least one correct

description. This difference was significant (Fisher exact test, p<.01).

Discussion.

In the present study, participants with or without ID learned a route through a virtual
environment (VE) until they reached a learning criterion. Then, they were asked ta give
description of the routdBecause routes were learnt to a fixed criterion, wayfinding performance

was equal between the two groups before the verbal description was given.

The results of the CA group were slightly different from those of Denis and collaborators.
In their experiments, they found that route descriptions of adults mainly included
Action+Landmark and Landmark-only statements in similar proportions (respectively 33.5% and
36%). In the current experiment, route description of the CA group mainly comprised
Action+Landmark statements (63.6% of the total number of statements) and few Landmarks-
only statements (23%Pur participants were younger those of Denis et al., but one can assume

that spatial language and spatial cognition have already reached their adult level before the age

of 15-16 (|Cornell, Heth, & Broda, 1989ansen-Osmann & Wiedenbauer, 2004). The main

difference between the two experiments was that Denis and collaborators studied route
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descriptions of natural environments, which inelddumerous landmarks, but we used a sparse

VE.|Michon and Denis (200[L) analysed the spatial distribution of landmarks mentioned in route

descriptions. They found that landmarks were spread along the whole route, even though they
were reported more frequently at reorientation points. In our VE, landmarks were only located at
the intersections and the CA participants mainly used them to signal places where actions should
take place. The small number of landmarks - and their location at decision points - may explain

why route descriptions in our CA group comprised few Landmark-only statements.

There was a clear difference between the ID group and the CA group in the route
description task. Participants with ID mainly used Action-only statements in their descriptions
(61% of the total number of stateméntsn comparisorto the CA group, they mentioned few
landmarks in their statements (Landmark-only), and made few associations between landmarks
and actions (Action+Landmark statemen¥gt, these individuals memorized the landmarks in
the VE, since they made very few errors in the landmark recognition task. Moreover they made
marginally fewer errors than the CA group, suggesting that they relied heavily on landmarks

during the navigation task.

According to Denis (1997), when describing a route from memory, the speaker first has
to activate thig spatial representation of the environment. This representation includes visuo-
spatial information as well as procedural components derived from moving within this
environment. He/she plans a route (a sequence of segments which connect the starting point to
the destination), and then translates this spatial information into linear linguistic information.

Individuals with intellectual disability have limitations in visuo-spatial working menliory (qenry

& MaclLean, 2002), executive functions (Danielsson, Henry, Ronnberg, & Nilsson} 2010) and
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language| (Abbeduto, Kover, & McDuffie, 2011). All these limitations can easily explain the

poor navigational value of their route description.

However, why did individuals with ID predomin&nuse Action-only statements in their
route description? Was it because they described routes from memory? Is it a general
characteristic of route description (without memory load) in these indivigliraExperiment 2,
we included a control condition in which the participants were asked to verbally describe the
route while walkingt. This condition was added to check whether individuals with ID would use

Action-only statements in route descriptions even when the task did not involve memory

processes. Following a developmental approach (Hodapp, Burack, & Zigler [K&90iloff-

Smith, 1998), we added a group of typically developing children to see whether individuals with

ID would show the same pattern of results as children awimilar mental ageln Experiment

2, we also replaced the landmark recognition task with a map completion task. Participants were

asked to draw the route they had followed on a map representing the virtual environment and to

place the landmarks they had seen along the path. This complex task allowed a comprehensive
assessment of spatial knowledge, including memory for landmarks (i.e. what the landmarks were

in the VE), memory for location (i.e. where the landmarks were located) and memory for routes.

Experiment 2

Method

Participants. Seventeen teenagers with intellectual disability (9 males and 8
females) with undifferentiated etiologyl 7 teenagers without intellectual disability (10
males and 7 females) matched as a group on chronological age, and 17 seven-year-old

children with similar mental age to the ID group (9 males and 8 females), participated in
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the study. None of the participants had participated in Experiment 1. The mean age for the
CA group was 16 years and 7 months (SD = 9 month) and the mean age for the MA group
was 6 years and 11 months (SD = 8 months). The mean age of the group with intellectual
disability (ID group) was 16 years and 6 months (SD = 9 months) and the mean mental age
(MA) was 6 years and 7 months (SD = 6 months). MA was assessed with the Nouvelle
Echelle Métrique de I'Intelligence, NEMI-2 (Cognet, 2006). This is an intelligence test
comprising of 4 core subtests. The NEMI-2 is a reliable tool that provides an IQ score
(Indice d’Efficience Cognitive, IEC) and age equivalence information for performance on
each subtest. The correlation between IEC and 1Q score from the WISC-III is high (.80). The
test-retest reliability for the 4 core subtests ranges between .82 and .86 (information: .86;

similarities: .90; analogical matrix: .82; vocabulary: .88).

Material and procedure. The VE was the same as the one used in Experiment 1
Experiment 2 began with a familiarization and learning phase (same procedure as Experiment 1).

Then, the participants were asked to:

— describe the route from memory (first description);
— walk the route again, and describe it as they moved forward through the VE
(second-control description);

— describe the route from memory again (third description).

At the end of the experiment, participants were provided with a map of the VE on a
29.7x42 cm sheet of paper. The landmarks were not represented on this map. Participants were
also given 16 4x4 cm cardboard coloured cards which displayed pictures of objects. Eleven of

these objects were landmarks located along the path (the house, the plane, the hen, the ball, the
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bench, the bicycle, the bedside lamp, the apple, the car, the rabbit and the scooter). The other 5
objects were not in the VE (a key, a drum, a horse, a flower, a penguin). The experimenter
placed the house starting point- on the map and asked the participant to draw the route they

had followed on the map and to place the landmarks they had seen along the path.

Dependant variables. We used the same dependant variables as in Experiment 1 for the
learning phase and the route description. Results from the map completion task were analysed in
terms of landmarks and drawn routes. For each landmark placed on the map we coded whether
the landmark was in the VE (humber of correct landmarks, maximum = 1) iancs
correctly located on the map (humber of correctly located landmarks, maximum = 10). For the
drawn route, we coded whether it was correct or not, and we also computed the number of

correct path choices at intersection prior the first error on the map (maximum = 10).

Results

As in Experiment 1, on-parametric statistical tests were conducted to analyse the data
and the statistical significance level was set at .05 (two-tailed). We used the Kruskallt&®gllis
followed by Wilcoxon rank sum test (with Bonferroni correction for multiples comparisons), to
compare the three groups. Within each group, we used the Friedman analysis of variance test
followed by Wilcoxon rank sum test (with Bonferroni correction for multiples comparisons), to
compare the number of statements between the three descriptions (first description, second-
control description, third description) and to compare the number of statements between the three

classes (Action-only, Action+Landmark, Landmark-only).

Route learning phase. All participants reached the criterion of two consecutive trials

without error but the number of trials was significantly different across the three gidups (
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15.4, df = 2, p<0.001). The CA group needed fewer trials to reach the criterion than the ID or
MA groups (see Table 2; respectively, p<.001 and p<.05). The number of errors was also
significantly different %= 15.45 df = 2, p<0.0001), it was lower in the CA groups than in the ID

or MA groups (respectively, p<.0001 and p<.01). There was also a trend for the ID group to

make more errors than the MA group (p<.06).

Route descriptions. The total number of units of information was not significantly
different across the three groups during the first description and during the second-control
description (see Table 2). However, there was a trend to significance for the third route
description, with the total number of units of information being lower in the ID group than in the
CA group (p= .083). The number of units of information varied significantly as a function of
description (first description, second-control description, third description) for the CA group and
the MA group (respectivelyy?=6.52, p<.05 ang?=11.29, p<.01), but not for the ID group
(x*=3.07, p=0.21). In the CA group, there was a trend for the third route description to have more
units of information than the first one (p<.10). In the MA group, the number of units of
information was significantly higher in the second (control) descriptions than in the first and the

third route descriptions (p<.01 in both cases).

The number of Action-only statements was significantly different across the three groups
for each of the three descriptions (see Table 2, first descripfe®.,78, p<.01; second-control
description,x?>=21.08, p<.0001; third descriptiog?=13.19, p<.01). The number of Action-only
statements was significantly lower in the CA group than in the two other groups (p<.01 for each
comparison, except for the CA-MA comparison in the first route description, p=.07). The
number of Action+Landmark statements was also significantly different across the three groups

for the three route descriptions (first descriptigi+27.11; second-control descriptigfi=23.83



DESCRIPTION OF ROUTES IN INDIVIDUALS WITH ID 20

third description?=28.78, p<.0001 in all cases)t was significantly higher in the CA group
than in the ID or in the MA groups (p<.001 for all post-hoc comparisons). There was no
significant effect of group for the Landmark-only statements (first description, p=.91; second-

control description, p=.91; third description, p=.66).

Friedman analyses of variance were conducted to test for the difference in the number of
statements across the three statemenstyiin each group and for each route description. In
the ID group, statement type was significant for the three route descriptions (first desciption,
=33.66; second-control descriptioff=33.7; third descriptiony?=20.67, p<.0001). The number
of Action-only statements was significantly higher than the number of Action+Landmark and the
number of Landmark-only statements for each route description (p<.0001 in all cases). The
effects of statement type were also significant for the CA group (first descripfie32.9;
second-control descriptiony?=72.37; third descriptiony?>=63.7, p<.0001). The number of
Action+Landmark statements was significantly higher than the number of Action-only or
Landmarks-only statements for each route description (p<.0001 in all cases). The number of
Landmark-only statements was also significantly higher than the number Action+Landmark
statements for the third route description (p<.01). Results from the MA group were not
consistent across route descriptions. The effect of statement type was significant for the first
route descriptionyf=19.26, p<0.001). There was a trend for significance in the second-control
route descriptionyf=5.89, p=0.052), and the third route description was not significant (9=0.33
In the first description, the number of Action-only statements was significantly higher than the
number of Action+Landmark or of Landmark-only statements (p<.05 in both cases). The same
pattern of results was found in the second-control description, but the comparison between

Action-only and Action+Landmark did not reach significance (p<.10).
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Analysis of verbal protocols for navigational value. Out of the 17 participants of the
CA group, 10 provided at least one correct route description, whereas none of the participants
with ID and none of the participants of the MA group provided at least one correct description

(Fisher exact tests, p<.01)

Map completion task. The number of correct landmarks (independent of their location
on the map) was not significantly different across the three groups (median: CA = 8; ID = 9; MA
=10; p=.38). However, the number of correctly located landmarks was significantly different
across the three groups (median: CA = 3; ID = 1; MA =2; p<.0hg number of correctly

located landmarks was significantly higher in the CA group than in the ID group (p<.01).

There was a significant difference between the three groups in the number of correct path
choices at intersections prior to the first error on the route drawn on the map (median: CA = 10;
ID = 1; MA =1; p<.001). The number of correct path choices was significantly higher in the CA
group compared to the two other groups (p<.05 for each comparison). All the routes drawn by
the participants correctly formed a closed loop from the starting point. Out of the 17 participants,
9 drew the correct route on the map in the CA group, 2 in the MA group and none in the ID
group (the comparisons CA/MA and CA/ID were significant, Fisher exact test; p<.05 in both

cases).

General discussion

In Experiment 2, the number of trials to reach the learning criterion was higtter li
group than in the CA group, which was not the case in Experiment 1 (there was no significant
difference in between the two groups). This was probably because the ID group in Experiment 1

had a higher intellectual level than the ID group in Experiment 2 (however, it was not possible to
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directly compare the two ID groups, since we used the WISC Il to assess IQ in Experiment 1
and the NEMI-2 to assess MA in Experiment 2). Despite this difference, results from route
description in Experiment 2 confirmed and extended the findings of the Experiment 1. As in
Experiment 1, the directions given from memory by the CA group mainly comprised

Action+Landmark statements (68.5% of the total number of statements), while those given by
the ID group mainly comprised Action-only statements (62.5%). Furthermore, the results of the
ID group were similar to those of the MA group in the first route description, with more Action-

only statements than Action+Landmark and Landmark-only statements. However, the results
from the MA group were not consistent across route descriptions, making further comparisons

between thgetwo groups difficult.

With regards to the statement types, describing a route from memory and describing a
route while walking it in Experiment 2 were very similar for both the CA group and the ID
group. Indeed, in the second (control) description, the descriptions of routes by participants with
ID were mainly made up of prescriptions of action without referring to any landmark (Action-
only statements). Therefore, the characteristic of their route descriptions in both experiments was
not the consequence of difficulties in retrieving spatial information from memory, or in
translating this information into sequential statements. Moreover, in the second (control)
description, the participants did not have to take the liste(@xperimentes) perspective into
account since they were asked to describe the route while walking it. So, one canthastimee
lack of Action+Landmark statements in the descriptions of participants with ID was not due to
the fact that they had difficulties in adapting their communication in a way that made their

description helpful for the listener.
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The basic function of giving directions is to prescribe actions, and this is what the

participants with ID did. However, it is not sufficient to prescribe actions, it is also important to

specify where they take pla¢e (Michon & Denis, 2001). The individuals with ID seemed to have

overlooled this crucial aspect of giving directions. A possible explanation for this result would
be that route knowledge in individuals with ID is mainly based on actions. Adopting a

developmental approach of ID, this would be consistent with the Piagetian theory indicating that

young children build their spatial knowledge through their own actions. Indeed, Pdugddel,

and Szeminska (1960) suggested that children, up the age of 7, base their route descriptions on
their memory of movement through the environment (for a discussion, see RBladedlicott,

1992). Children of the MA group also described the route as a succession of actions in their first
verbal description. Ths® participants had a limited experience of the unfamii& before
describing the route and one can assume that their environmental cognition would have
improved with more experience of tAé&E. Our results suggest, therefore, that at the very
beginning of the microgenesis of environmental cognition, young children and individuals with

ID refer to their own action first when dealing with routiéscan be assumed that these young
participants had not received specific teaching regarding how to give directions. Thetefore,
would be useful to teach children and individuals with ID howdéscribe actions related to

landmarks in their route descriptions to see if they can learn efficient strategies for direction-

giving.

Individuals with ID and children in the MA group had difficulties externalising their
spatial knowledge in the verbal description task and in the map completion task. They were not
able to describe the route accuhatdlost of them were not able to draw the route on a map, and

the number of correctly located landmarks was very low in both groups. By contrast, more than
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half of the participants of the CA group were able to describe the route correctly in the two
experiments, and 9 participants out of 17 were able to correctly draw the route on the map in

Experiment 2. This proportion was not high but, as regards to route descriptions, it was

comparable to those observed in experiments conducted in real environmgnts (see Danjiel et al.,

2007 |Denis et al., 2014). Research with adults has also shown that there are large individual

differences in the microgenesis of environmental knowlgdge (Ishikawa & Montelld, 2006).

Participantsin the ID group andn the MA group were better at wayfinding than at
externalizing their spatial knowledge. They were able to use landmarks for guiding their
navigational behaviour. Moreover, individuals with ID had a very good level of performance at
the landmark recognition task (Experiment 1) and they selected the correct landmarks for the
map completion task (Experiment 2). These results suggested that participants with ID (and

children in the MA group) correctly memorized the landmarks they saw while navigating the VE

for similar findings, see Broadbent, Farran, & Tolmie, 2015). This is surprising given the small

number of landmarks mentioned in their verbal descriptions. During navigation, these landmarks

may have been used as associative cues to prompt the appropriate actions at decision points, or

simply as beacons for navigation (for a taxonomy of landmark functions, see Chan, Bﬂumann,

Bellgrove, & Mattingley, 201R). In beacdresed navigation, the route is composed of successive

beacons, each of them serving as a goal. Individuals progress along the route by directing

themselves toward a landmark. When they reach it, they direct themselves towards the next one

that they can see. According to Waller and Lippa (2007), beacon based navigation igean effic

way to learn a new route, but it leads to a less elaborated representation of route than navigation

based on using landmarks as associative cues. Indeed, beacon-based route learning is equivalent

to a recognition task (Chan et al., 2Q1®aller & Lippa, 2007). In this situation, individuals
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learn to recognize landmarks leading to the goal. When they reach a beacon, they scan for the

next one and move toward|it (Waller & Lippa, 2p07). Individuals using this strategy do dot nee

to memorize the associations between the landmarks and the relevant navigational behaviours.
We can make the assumption that individuals with ID mainly rely on beacon-based nayigation
which would explain their good landmark recognition. They may be little inclined to use
landmarks as associative cues, which would - at least partly - account for their low level of
spatial representation of the route (as expressed in the map completion and the verbal description
tasks in our experiments). Moreover, they may show a dissociation between the procedural
knowledge (spatial knowledge drawn from their direct experience of the environment) and
explicit knowledge of routes, the former being based on landmark information (beacon-based
navigation) and the later on movement (action-only statements in the route description).
Teaching individuals with ID how to prescribe actions related to landmarks in route directions
may help them to link these two types of knowledge, and hence to improve their wayfinding

abilities. Indeed, cognitive and developmental research has shown that language and spatial

cognition interact (Goldin-Meadow et al., ZTIHermer-Vazquez, Moffet, & Munkholm, 20D1

Li & Gleitman, 2002 [Majid, Bowerman, Kita, Haun, & Levinson, 200MNewcombe &

Huttenlocher, 2007). Wean assume that being able to verbally describe route would increase

the accuracy of mental representation of space, which would in turn lead to more efficient spatial

navigation.

A limitation of this research was that the two experiments were conducted using sparse
VEs, with brick walls and only one distinctive landmark at each intersection. This may not be an
important factor because recent research, with individuals with intellectual disability and

typically developing children, has shown that navigation performance was broadly similar across
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sparse and rich VE (whether the rich VE featured buildings instead of brick walls, Farkan et a
2015b, or the rich VE featured comparatively more landmarks than the sparse VE, Farran et al.,
2016). However, future research could study route descriptions in rich virtual environments, with
many landmarks spread along the route, and route descriptions in natural settings, which are
ecologically valid. In such environments, one could assume that the number of Landmark-only
statements would increase in all groups (CA, MA and ID), but there is no reason to think that
action+landmark statements would also increase in individuals with ID or in typically developing

children.
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Figure 1. Map of the virtual environment (circles = landmarks ; dashed line = the

route)
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Figure 2. View of the virtual environment from the starting point (learning trial).

Shows the house and two landmarks: the plane and the apple.
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Table 1. Summary of the results (medians with interquartile ranges in brackets) and comparisensgoetys (ID = participants with
intellectual disability; CA = participants without intellectual disability).

Group
ID CA Mann-W U

Number of trials 3(1.5) 2 (1) NS
Route learning Number of errors 1(3.5) 0 (1) p<.08

Number of errors in 0 (0.5) 1(2) p<.10

landmark recognition

Total number of units of

information 10 (6) 12 (7) P<.10

Number of Actions-only 7 (7.5) 1(1.5) p <.001
First description

Number of 1(2) 8 (5.5) p <.001

Actions+Landmarks

Number of Landmarks-only 0(2) 4 (6) p <.01

Total number of units of

information 10 (4.5) 13 (8) P<.10

Number of Actions-only 9 (7.5) 2(3) p <.001
Second description

Number of 24 8 (5) p <.001

Actions+Landmarks

Number of Landmarks-only 0 (1) 2 (5.5) p <.05
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Table 2. Summary of the results (medians with interquartile ranges in brackets) and comparisons between groups (ID = participants with
intellectual disability; MA = participants without intellectual disability matched on mental age, CA = participants without intellectual
disability matched on chronological age, ** = p<.01, * = p<.05, (*) =p<.10).
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Group
ID MA CA X2 Kruskal- Pairwise
Wallis Comparisons
Number of trials 5(02) 4 (3) 2(2) 15.46, p<0005 CA<ID **
CA<MA*
Route learning Number of errors 5(7) 3(3) 0(2) 22.03, p<0001 CA<ID *
CA<MA *
MA<ID (*)
Number of units of 6 (5) 9(7) 9(5) 2.07,NS
information
_ o 4 (4) 4 (4) 1(1) 9.78, p<.01 CA<ID *
First description Number of actions CA<MA (*)
Number of actions related 0(1) 2(4) 6 (3) 27.11, p<.0001 ID<CA **
to landmarks MA<CA **
Number of landmarks 0(3) 0(3) 0(6) 0.16, NS
Number of units of 10 (3) 12 (5) 11 (6) 3.69, NS
information
Second (control) Number of actions 7 (4) 5(7) 1(2) 21.80, p<.0001 CA<ID **
description CA<MA *
Number of actions related
to landmarks 1(3) 4 (5) 9 (4) 23.83, p<.0001 ID<CA **
MA<CA **
Number of landmarks 1(2) 1(4) 1(3) 0.18, NS
Number of units of 8 (4) 9(4) 11 (6) 5.19, p<.10 ID<CA (%)
information
Third description Number of actions 5 (4) 4 (5) 1(2) 13.16, p<.005 CA<ID **

CA<MA **
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Number of actions related 2(3) 1(4) 8 (3) 28.78, p<.0001 ID<CA **
to landmarks MA<CA **
Number of landmarks 0(4) 2(3) 1 (5) 0.81, NS
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