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Sherman, 1978; Guay & McDaniel, 1977; Lean & Clements, 1981; 
Stewart, Leeson, & Wright, 1997; Wheatley, 1990). Further, impor-
tant equity issues are at play here. We know, for example, that girls, 
certain other groups that are under-represented in mathematics, 
and some individuals are harmed in their progression in mathemat-
ics due to lack of  attention to spatial skills; they would benefit from 
more geometry and spatial skills education (see, for example, Casey 
& Erkut, 2005).

However, the relationship between spatial thinking and math-
ematics is not straightforward, and this book makes it clear which 
types of  spatial thinking the authors want children to develop. For 
example, some research indicates that students who process math-
ematical information by verbal-logical means outperform students 
who process information visually (Clements & Battista, 1992; 
Sarama & Clements, 2009a). Clearly, the types of  spatial competen-
cies matter. Students in those studies “who process information 
visually” are relying on primitive processes, such as “seeing” sur-
face features of  problems (which, in the book, are called “pictorial 
representations”). Instead, the authors help students develop spa-
tial reasoning in order to develop “visual-schematic representations” 
in two major types: spatial orientation and spatial visualization 
(Bishop, 1980; Harris, 1981; McGee, 1979). This kind of  high-
quality education helps children move beyond simple surface-level 
visual thinking as they learn to manipulate dynamic images, as they 
enrich their store of  images for shapes, and as they connect their 
spatial knowledge to verbal, analytic knowledge.

Skeptics might think: “Really? You need spatial knowledge 
beyond what all children know to solve problems in arithmetic and 
algebra?” The answer is yes. Consider the research that Julie Sarama 
and I have done on elementary students’ knowledge of  area  
(Clements & Sarama, 2014; Sarama & Clements, 2009a). Students 
are often asked to count the number of  squares to figure out the 
area of  a region, as shown in Figure 1, below. They learn to use a 
formula, A = L × W. Later, however, many students forget which 
formula is for area and which is for perimeter. Or, when asked to 
explain why 4 × 6 “works” to find the area, they do not know. Why? 
Although adults may understand the rows and columns in Figure 1, 
many students do not. Asked to simply copy Figure 1, many students, 
even intermediate students, draw images such as that in Figure 2. 
Some learners do not understand the spatial structure of  even simple arrays.
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