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Introduction: Down syndrome (DS) is one of the most common causes of intellectual disability. Individuals with DS often experience deficits in speech and language (Abbeduto, Warren, & Conners, 2007), cognitive development (Weijerman & De Winter, 2010), and the acquisition of social/personal skills (National Down Syndrome Society, 2007). In their extensive literature review, Yang, Conners, & Merrill (2014) found that certain spatial abilities in individuals with DS may be an area of weakness compared to typically developing (TD) children matched for mental age. Spatial abilities aid in manipulating, constructing, and navigating the physical world (Newcombe & Shipley, 2014). According to the framework set forth by Newcombe & Shipley (2014), spatial abilities can be distinguished as intrinsic (within objects) or extrinsic (among and between objects) and statically (stable) or dynamically (movement). Mental rotation, an intrinsic-dynamic skill, is the ability to rotate a 2 or 3-dimensional object in one’s mind (Shepard & Metzler, 1971). Perspective taking, an extrinsic-dynamic skill, is the ability to mentally represent a viewpoint different from one’s own (Frick, Möhring, & Newcombe, 2014). These two spatial abilities involve common processes, such as encoding spatial images and keeping these representations in memory (Kosslyn, 1994). However, they differ in that mental rotation uses object-based transformations, while perspective taking uses egocentric transformations (Hegarty & Waller, 2004). The goal of this study was to evaluate similarities and differences in mental rotation and perspective taking abilities between people with DS and TD children matched on nonverbal ability.

Method: Twenty-three individuals with DS (14 males; Age: M = 18.49 years, SD = 4.02; range: 11 - 26) and twenty-three TD children (12 females; Age: M = 6.34 years, SD = 1.27; range: 4 - 8) were matched using the Raven’s Progressive Matrices, a measure of nonverbal ability (Raven, 2003). See Table 1 for descriptive statistics. Participants were individually tested over two days via Zoom. To assess mental rotation, two assessments were utilized: the Ghost Task patterned after Frick et al. (2013) and Puzzle Assessment created for this study. In the Ghost Task, participants were shown an upright ghost shape and needed to determine whether a rotated ghost shape or its mirror image would fit into the space. In the Puzzle Assessment, participants were shown a puzzle with one piece missing and needed to choose between a rotated piece and its mirror image which would fit into the open space of the puzzle. Stimuli in both assessments were rotated between 30 and 180 degrees. To assess perspective taking, two assessments were used: the Three Mountain Task and the Dog Task (see Bracken et al., 2024). In the Three Mountain Task, participants were shown three cones of different sizes and colors, which represented mountains. A stuffed dog would move in 45-degree increments around the mountains and participants were tasked with determining which of 4 pictures represented the dog’s new viewpoint. In the Dog Task, four different colored stuffed dogs were arranged at 0, 90, 180, and 270 degrees forming a diamond shape on the center of a table. Participants were instructed to pretend to be one of the four dogs and choose which of the other dogs was on their right, left, or farthest away.  

Results:  The percentage correct for two assessments for two abilities was averaged to compute a composite score for each ability. This resulted in a mental rotation composite score (average score for Ghost Task and Puzzle Assessment) and perspective taking composite score (average score for Three Mountain Task and Dog Task). See Table 1 for descriptive statistics. To assess performance between the two groups, a 2 (ability: mental rotation composite score vs perspective taking composite score) x 2 (group: typically developing vs Down syndrome) repeated measures ANOVA was conducted with ability as a within-subjects factor and group as a between-subjects factor. The main effect of ability was not significant, F (1, 44) = 1.51, p = .226, ηp2 = .033. However, there was a significant interaction between ability and group, F (1, 44) = 10.34, p = .002, ηp2 = .190. Post hoc tests corrected with the Bonferroni adjustment showed that performance on perspective taking did not significantly differ (p = .75) between TD (M = 66.24, SE = 3.23) and DS (M = 64.76, SE = 3.23) participants. For mental rotation, the TD group (M = 77.78, SE = 3.55) performed significantly better (p < .001) than the DS group (M = 59.60, SE = 3.55). See Figure 1. 

Discussion: Our results suggest that when matched on Ravens Ability, performance on our perspective taking tasks was not significantly different for the DS and TD participants. However, TD participants performed significantly better than participants with DS on the mental rotation tasks. This may be because mental rotation is an earlier developing ability for TD children, and hence, we see that individuals with DS lag behind as the ability develops. Regardless, this result does suggest the importance of focusing on mental rotation skills as an important component of cognitive training for those with DS.
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Table 1 
Descriptive Statistics
	
	M
	SD

	
	Typically Developing
	

	Perspective Taking Composite Score
	66.24
	18.17

	Mental Rotation Composite Score
	77.78
	14.93

	Ravens Ability
	449.39
	32.44

	
	Down syndrome
	

	Perspective Taking Composite Score
	64.76
	12.52

	Mental Rotation Composite Score
	59.60
	18.85

	Ravens Ability
	449.57
	35.67



Figure 1
Spatial Ability Performance by Group
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