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a  b  s  t  r  a  c  t

Few  studies  on  individuals  with  Down  syndrome  (DS)  have explored  how  they  learn  space.
The  present  study  examines  space  learning  from verbal  descriptions  in individuals  with
DS, and  explores  the  role  of external  cues (such  as  a sketch  map).  Twenty-eight  individu-
als  with  DS  and  28 matched  typically-developing  (TD) children  listened  to route  or  survey
descriptions  with  or without  seeing  a corresponding  sketch  map  (Description  +  Sketch  Map
[D  + SM]  and  Description  alone  [D],  respectively).  After  hearing  each  description,  they  per-
formed  tasks  that  involved  recognizing,  arranging  sequentially,  and locating  landmarks.
The results  showed  that  individuals  with  DS performed  less well  in recognizing  landmarks
and  arranging  them  sequentially.  The  D +  SM  condition  produced  general  benefits  in  both
groups’  accuracy,  though  the improvement  in  locating  landmarks  was  greater  in  the  TD  than
in  the  DS  group.  In  both  groups,  the  D  +  SM condition  prompted  a  better  performance  than
the  D condition  when  participants  arranged  landmarks  sequentially  after  hearing  a  descrip-
tion from  a route  perspective,  but  not  from  a survey  perspective.  Overall,  our  results  show
that individuals  with  DS  benefited  when  a spatial  description  was  associated  with  a  corre-
sponding sketch  map,  albeit  to a lesser  degree  than  TD  children.  The  findings  are  discussed
in the  light  of the  literature  on DS  and  on  spatial  cognition  in  the  TD  domain.

© 2017  Elsevier  Ltd.  All rights  reserved.

What this paper adds?

This paper adds to our theoretical understanding on the visuo-spatial competence of individuals with Down syndrome
(DS), newly focusing on verbal descriptions as a source of spatial information. The ability to learn descriptions presenting
fictitious environments from survey and route perspectives, and to use external cues (sketch maps) in combination with
descriptions is newly studied in individuals with DS. Our results provide evidence of individuals with DS benefiting when
verbal descriptions were associated with a corresponding sketch map, but to a different degree depending on the type of recall
task. In the order task, the DS group had more difficulty in arranging information sequentially than a typically-developing
(TD) group, while both groups benefited from a sketch map  being associated with the route description. In the location
task, both groups benefited from the sketch map, but the DS group benefited less than the TD group. Though the link with
environment learning and the actual benefit of the description plus sketch map  condition need to be better explored, these
results add to our theoretical knowledge of spatial learning in individuals with DS when spatial information is conveyed
verbally.
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1. Introduction

1.1. Visuo-spatial abilities and visuo-spatial learning in individuals with DS

Down syndrome (DS) is a genetic syndrome caused by abnormalities on chromosome 21 (Kittler, Krinsky-McHale, &
Devenny, 2008). The IQ of individuals with DS generally ranges between 25 and 70, and most of them reach the mental age
of a 5- to 6-year-old, with few reaching a mental age beyond 7 years (e.g. Dykens, Hodapp, & Finucane, 2000).

DS is characterized by relatively stronger visuo-spatial than verbal abilities (see Davis, 2008; Silverman, 2007, for reviews).
Visuo-spatial abilities form a complex construct comprising a number of sub-factors (Hegarty & Waller, 2006; see also Uttal
et al., 2013, for a review), and a recent review conducted by Yang, Conners, and Merrill (2014) reported that the relative
strengths of individuals with DS in this area depend on which particular visuo-spatial sub-factor is considered. The authors
showed that most of the visuo-spatial skills explored in this setting concern the small scale. Compared with typically-
developing (TD) children matched for mental age (MA), individuals with DS performed less well in recalling locations, as
in tests that involve placing objects previously seen in a layout in their appropriate positions in an empty grid (e.g. Vicari,
Bellucci, & Carlesimo, 2005). The performance of individuals with DS was  also impaired in: closure (the ability to combine
information into larger wholes, or to divide larger wholes into smaller parts; e.g. Vicari, Bellucci, & Carlesimo, 2006); in
visuo-spatial construction (the ability to see parts of objects and then reconstruct the original whole; Cornish, Munir, &
Cross, 1999; Lanfranchi, Jerman, & Vianello, 2009); and in mental rotation (i.e. the ability to rotate objects in the mind’s eye;
Hinnell & Virji-Babul, 2004; Vicari et al., 2006).

Another visuo-spatial competence is used to learn environmental information, and this ability is fundamental to everyday
adaptation. Some recent studies investigated environment learning using virtual exploration (a visual source of spatial
knowledge) in individuals with DS. Some of them focused on the virtual exploration of environments such as an arena
(Edgin et al., 2010; Pennington, Moon, Edgin, Stedron, & Nadel, 2003), or a fictitious city (Courbois et al., 2013; Davis, Merrill,
Conners, & Roskos, 2014; Farran et al., 2015; Purser et al., 2015). In the latter case, the procedure involved asking participants
to explore, then their knowledge of a route was tested by asking them to chart the same path, reproducing the moves from
the person’s point of view and encountering a succession of landmarks (Courbois et al., 2013; Davis et al., 2014; Farran et al.,
2015; Purser et al., 2015). In some studies (Courbois et al., 2013; Farran et al., 2015), spatial knowledge was also assessed
by asking participants to find the shortest route between two  places (typically used to measure the configurational features
of their cognitive map, Tolman, 1948). The results of such studies showed that individuals with DS made more mistakes in
reproducing a path but most of them reached their destination – like the controls, who might be TD children of the same
MA or chronological age (CA) (Courbois et al., 2013; Davis et al., 2014; Farran et al., 2015), or individuals with intellectual
disabilities (Davis et al., 2014), or with Williams syndrome (WS; Farran et al., 2015; Purser et al., 2015). When configured
knowledge was tested, moreover, individuals with DS struggled to identify the shortest route more than TD children of
comparable MA  (Courbois et al., 2013; Farran et al., 2015) or CA (Courbois et al., 2013), or individuals with WS  (Farran et al.,
2015), and only a few of them were able to find the shortcut. Individuals with DS also encountered difficulties in using
landmarks within an environment to locate a hidden platform (Pennington et al., 2003), and to recall (Davis et al., 2014), or
recognize (Courbois et al., 2013) landmarks.

Overall, the above-mentioned studies showed that individuals with DS were able to reproduce a path from an egocentric
view (though they needed more practice than controls), while they had more difficulty in managing information config-
urationally, as in finding a shortcut (Courbois et al., 2013; Farran et al., 2015). These results are consistent with findings
in the TD literature showing that TD children have a better-developed capacity for egocentric/route representation (based
on organizing information from the person’s point of view) than for allocentric/survey representation (based on organizing
information by establishing relations between objects, which can be retrieved from different views) (Piaget and Inhelder,
1967; Siegel & White, 1975; Thorndyke & Hayes-Roth, 1982), although both abilities may  have developed by 5 years of age
(Bullens, Igloi, Berthoz, Postma, & Rondi-Reig, 2010; Nardini, Burgess, Breckenridge, & Atkinson, 2006; Ruggiero, D’Errico, &
Iachini, 2016).

These findings highlight the importance of distinguishing between different types of visuo-spatial learning in order to
better understand the real strengths and weaknesses of individuals with DS.

1.2. Visuo-spatial learning: the case of descriptions

One way to assess how space is mentally represented is to use verbal descriptions of an environment. It is a common
experience in daily life to read or hear a description of a real or fictitious environment. These descriptions usually present
paths, the organization of layouts and the elements they contain (typically called “landmarks”, in the case of both visually-
acquired and verbally-acquired environmental information; Taylor & Tversky, 1992; Taylor & Brunyé, 2013), and then to use
this information to decide how to reach a destination, for example. A verbal description is an indirect way to acquire spatial
information (Taylor & Brunyé, 2013), which may  have environment-like features too. The mental representation deriving
from spatial descriptions has visuo-spatial properties (Johnson-Laird, 1983; Taylor & Tversky, 1992), and partially resembles
the spatial information acquired visually, from virtual exploration for instance (e.g. Péruch, Chabanne, Nesa, Thinus-Blanc,
& Denis, 2006; Picucci, Gyselinck, Piolino, Nicolas, & Bosco, 2013).



https://isiarticles.com/article/125159

