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Background / Context:
Description of prior research and its intellectual context.

Children’s early mathematics ability is an important predictive factor to later
math achievement (Aunio & Niemivirta, 2010; Byrnes & Wasik, 2009; Jordan et al., 2009;
Krajewski & Schneider, 2009), so the question of how to promote children’s early math
competency is of critical importance. Previous research has established a link between spatial
ability and mathematics —both children and adults with better spatial abilities also have higher
math scores (Burnett, Lane, & Dratt, 1979; Casey et al., 2001; Casey et al., 1992; Casey et al.,
1995; Delgado & Prieto, 2004; Geary et al., 2000; Lubinski & Benbow, 1992; Robinson et al.,
1996) even in early childhood (Kyttéla et al., 2003, Geary et al., 2007; Rasmussan & Bisanz,
2005; McKenzie et al., 2003; Mclean & Hitch, 1999; Holmes et al., 2008; Alloway, 2007). Based
on these findings, the National Council of Teachers of Mathematics (NCTM, 2010) announced
its support of developing spatial reasoning as part of math learning in the first grade.

The connection between space and math may be based on shared underlying processes,
suggesting a potent avenue for mathematical improvement. Neuropsychological and brain
imaging studies have revealed that similar circuity is activated when people process both spatial
and number tasks (Walsh, 2003; Hubbard et al., 2005). There also is behavioral evidence that
numerical magnitudes are mentally represented in a spatial format (i.e., the SNARC effect)
(Dehaene, Bossini, & Giraux, 1993). This evidence of shared mental processing raises the
possibility that math can be improved with spatial training.

Purpose / Objective / Research Question / Focus of Study:
Description of the focus of the research

Our primary aim was to investigate a potential causal relationship between spatial ability
and math ability. To do so, we used a pretest-training-posttest experimental design in which
children received short-term spatial training and were tested on problem solving in math. We
focused on first and second graders because earlier studies suggested significant relations
between mental rotation ability and early math ability in this age group (Guay et al., 1997;
Kyttdla et al., 2003).

Setting:

Description of the research location.

The research took place in Michigan. All children completed the study in a quiet room in their
schools.

Population / Participants / Subjects:
Description of the participants in the study: who, how many, key features, or characteristics.

Fifty-nine children participated (M = 6.8 years old, range = 6 to 7.8 years old). An
additional 6 children were excluded because they performed above 75% on the math pretest.
Thirty-two children were in the experimental group and 27 children were in the control group.
Children were randomly assigned to both groups. The ethnicity of the sample was mixed but
predominantly Caucasian. The distribution of gender in the experimental and control groups was
roughly equal.
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Intervention / Program / Practice:

Description of the intervention, program, or practice, including details of administration and duration. .
Intervention

The spatial training task has improved spatial reasoning scores in previous research (e.g., Ehrlich
et al., 2006). In this task, children are shown two parts of a flat object and choose which of
several drawings depicts the object as a whole. To choose correctly, children must mentally slide
and rotate the parts to make the whole. After pointing to the shape, they were given a set of
paper-made pieces. Children were instructed to put these pieces together and pointed to the right
shape on the page again. Feedback was given until children correctly pointed to the right shape.

Pretest and Posttest

Spatial tests

To check whether the training task succeeded in improving spatial ability, we gave children two
spatial tests. The first was a mental transformation test based on the spatial task we used in
training (i.e., Ehrlich et al., 2006). Rather than using moveable pieces, all the materials were
printed on paper and children were asked to circle the right shapes based on pieces at the bottom
of each page. There were 16 items for the pretest and an additional 16 for the posttest, presented
in a counterbalanced order across children. The second test was the spatial relations subtest from
the primary mental ability test (Thurstone, 1974). This test consists of 27 items. Children
practiced the first four items to become familiar with the procedure and then had six minutes to
complete the rest.

Mathematics tests

To test the effects of spatial training on math performance, we also gave two math tests that were
based on Michigan Grade Level Content Expectation. The first mathematics test consisted of 27
simple addition and subtraction problems. The second mathematics test had 16 items that
measured children’s place value concepts. Cronbach’s alpha inter-item reliability coefficients for
the first mathematics test and the second mathematics test were .92 and .60, respectively.

Research Design:

Description of the research design.

We used a pretest-training-posttest design with two groups of children—(1) spatial training and
(2) no-training control. In the spatial training group, children completed a mental rotation task
for 40 to 50 minutes. The task is based on those shown in previous research to improve spatial
reasoning scores (e.g., Ehrlich et al., 2006). In the control group, children completed crossword
puzzles. Crossword puzzles have been used as filler tasks in previous research on spatial ability
(Cherney, 2008; Rizzo et al., 1999). Both groups completed tests of spatial ability and simple
mathematics (calculation and place value concepts), before and after training.

Data Collection and Analysis:

Description of the methods for collecting and analyzing data.

Children were recruited from a medium sized city in Michigan. Parents were contacted through
their children’s schools, written consent was obtained from them, and children were randomly
assigned to the experimental and control groups. We analyzed our results using multivariate
analysis of covariance (MANCOVA) and analysis of covariance (ANCOV A) using pretest
scores as a covariate for increased sensitivity (Raykov & Marcoulides, 2008). We also
conducted paired sample #-tests to compare pre- and posttest scores.
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Findings / Results:
Description of the main findings with specific details.

We first conducted a MANCOVA with children’s four posttest scores as dependent
measures and their pretest scores as covariates. The MANCOVA revealed a significant main
effect for condition (Wilks’s A = .64), F (3, 52) = 9.65, p < .001, n’=.36) favoring the
experimental group. As the follow-test, we carried out an ANCOVA that included the two
spatial tasks as well as specific problem types from the math posttest. First, we found that the
spatial training group outperformed the control group on the mental transformation task (£ (1,
56) = 16.46, p < .001, n’= .23), indicating that the spatial training was effective; however, this
improvement did not transfer to the second, less directly related spatial test (p = .81).

With respect to our main research question, there was clear evidence that mental rotation
training increased children’s math performance. First, there was a significant overall difference
favoring the spatial training group on the posttest (F (1, 56) = 8. 42, p = .005, n°=.13). Second,
this overall advantage seemed to concentrate on certain problem types. Specifically, spatial
training children significantly outperformed control children on missing term problems, such as
2+  =T7or___ =9-4(F(1,56)=8.23, p=.006, n°=.13). Furthermore, spatial training
children significantly improved on their scores on these problems from pre- to posttest, (z (31) =
3.587, p =.001), whereas children in the control group did not (¢ (26) = .635, p =. 53).

Conclusions:
Description of conclusions, recommendations, and limitations based on findings.

We found that even a short amount of spatial training can increase children’s math
performance. This result contributes to the growing literature that links spatial cognition to
mathematical representation and problem solving, but is one of the only to demonstrate a causal
link from one area to the other.

Interestingly, the spatial training effect was most evident on missing term problems.
Previous research has shown that children have an inflexible understanding of the equal sign and
tend to prefer solving equations in a predictable, left-to-right order wherein the answer is
provided at the end (Knuth et al., 2006; McNeil & Alibali, 2005). Perhaps our results reflect
children’s attempts to solve missing terms problems by mentally rotating the equation into this
conventional format (e.g.,2+ =7becomes  =7-20r9—_  =5becomes =9-95).
If so, mental rotation practice likely facilitates or primes this underlying process.

SREE Fall 2011 Conference Abstract Template 3



Appendices

Not included in page count.

Appendix A. References

References are to be in APA version 6 format.

Alloway, T. P. (2007). Working memory, reading and mathematical skills in children with
Developmental Coordination Disorder. Journal of Experimental Child Psychology, 96, 20—
36.

Aunio, P., & Niemivirta, M. (2010). Predicting children’s mathematical performance in
grade one by early numeracy. Learning and Individual Difference, 20, 427-435.

Burnett, S. A., Lane, D. M., & Dratt, L. M. (1979). Spatial visualization and sex differences
in quantitative ability. Intelligence, 3, 345-354.

Byrnes, J. P., & Wasik, B. A. (2009). Factors predictive of mathematics achievement in
kindergarten, first and third grades: An opportunity—propensity analysis: An opportunity—
propensity analysis. Contemporary Educational Psychology, 34, 167-183.

Casey, M. B., Pezaris, E., & Nuttall, R. L. (1992). Spatial ability as a predictor of math
achievement: The importance of sex and handedness patterns. Neuropsychologia, 30, 35-45.

Casey, M. B., Nuttall, R. L., & Pezaris, E. (2001). Spatial-mechanical reasoning skills versus
mathematical self-confidence as mediators of gender differences on mathematics subtests
using cross-national gender-based items. Journal for Research in Mathematics Education,
32(1), 28-57.

Casey, M. B., Nuttall, R. L., Pezaris, E., & Benbow, C. P. (1995). The influence of spatial ability
on gender differences in math college entrance test scores across diverse samples.
Developmental Psychology, 31, 697-705.

Cherney, 1. D. (2008). Mom, let me play more computer games: They improve my mental

SREE Fall 2011 Conference Abstract Template A-1



rotation skills. Sex Roles, 59 (11-12), 776-786.

Dehaene, S., Bossini, S., & Giraux, P. (1993). The mental representation of parity and number
magnitude. Journal of Experimental Psychology: General, 122, 371-396.

Delgado, A. R., & Prieto, G. (2004). Cognitive mediators and sex-related differences in

mathematics. Intelligence, 32(1), 25-32.

Ehrlich, S., Levine, S., & Goldin-Meadow, S. (2006). The importance of gestures in children’s
spatial reasoning. Developmental Psychology, 42, 1259 —1268.

Geary, D. C., Hoard, M. K., Byrd-Craven, J., Nugent, L., & Numtee, C. (2007). Cognitive
mechanisms underlying achievement deficits in children with mathematical learning
disability. Child Development, 78, 1343—1359.

Geary, D. C., Saults, S. J., Liu, F., & Hoard, M. K. (2000). Sex differences in spatial cognition,
computational fluency, and arithmetical reasoning. Journal of Experimental Child

Psychology, 77, 337-353.

Guay, R. B., & McDanieLLE. D. (1977).The relationshipbetween mathematics achievement and
spatial abilities among elementary school children. Journal for Research in Mathematics
Education, 8, 211-215.

Holmes, J., Adams, J. W., & Hamilton, C. J. (2008). The relationship between visuospatial
sketchpad capacity and children’s mathematical skills. European Journal of Cognitive
Psychology, 20(2), 272 — 289.

Hubbard, E. M., Piazza, M., Pinel, P. and Dehaene, S. (2005) Interactions between number and
space in parietal cortex. Nature Reviews Neuroscience, 6,435-448.

Jordan, N. C., Kaplan, D., Ramineni, C., & Locuniak, M. N. (2009). Early math matters:

Kindergarten number competence and later mathematics outcomes. Developmental

SREE Fall 2011 Conference Abstract Template A-2



Psychology, 45, 850—867.

Krajewski, K. & Schneider, W. (2009). Early development of quantity to number-word
linkage as a precursor of mathematical school achievement and mathematical difficulties:
Findings from a four-year longitudinal study. Learning and Instruction, 19(6), 513-526.

Knuth, E. J., Stephens, A. C., McNeil, N. M., & Alibali, M. W. (2006). Does understanding
the equal sign matter? Evidence from solving equations. Journal for Research in
Mathematics Education, 37, 297-312.

Kyttdld M, Aunio P, Lehto JE, Van Luit J, Hautamaki J. (2003). Visuospatial working
memory and early numeracy. Educational and Child Psychology, 20, 65-76.

Lubinski, D., & Benbow, C.P. (1992). Gender differences in abilities and preferences among
the gifted: Implications for the math/science pipeline. Current Directions in Psychological
Science, 1(2), 61-66.

McKenzie, B., Bull, R., & Gray, C. (2003). The effects of phonological and visual-spatial
interference on children’s arithmetical performance. Educational and Child Psychology, 20,
93-108.

McLean, J. F., & Hitch, G. J. (1999). Working memory impairments in children with specific
arithmetic learning difficulties. Journal of Experimental Child Psychology, 74, 240 — 260.

McNeil, N. M., & Alibali, M. W. (2005). Why won’t you change your mind? Knowledge of
operational patterns hinders learning and performance on equations. Child Development, 76,
883.

National Council of Teachers of Mathematics. (2010). Focus in Grade 1: Teaching with
Curriculum Focal Points. Reston, VA: National Council of Teachers of Mathematics.

Rasmussen, C., & Bisanz, J. (2005). Representation and working memory in early arithmetic.

SREE Fall 2011 Conference Abstract Template A-3



Journal of Experimental Child Psychology, 91, 137-157.

Raykov, T., & Marcoulides, G. A. (2008). An introduction to applied multivariate analysis. New
York: Routledge Press.

Reuhkala, M. (2001). Mathematical skills in ninth-graders: Relationship with visuo-spatial
abilities and working memory. Educational Psychology, 21, 387-399.

Rizzo, A., Buckwalter, J.G., Neumann, U., Chua, C., van Rooyen, A., Larson, P., Kratz, K.,
Kesselman, C., Thiebaux, M., & Humphrey, L. (1999). Virtual environments for targeting
cognitive processes: An overview of projects at the University of Southern California
Integrated Media Systems Center. CyberPsychology and Behavior, 2(2), 89—100.

Robinson, N., Abbott, R., Berninger, V.W., & Busse, J. (1996). The structure of abilities in
math precocious young children: Gender similarities and differences. Journal of Educational
Psychology, 88, 341-352.

Thurstone, T.G. (1974). PMA Readiness Level. Chicago: Science Research Associates.

Walsh, V. (2003) A theory of magnitude: common cortical metrics of time, space and quantity.

Trends in Cognitive Sciences, 7, 483—-488.

SREE Fall 2011 Conference Abstract Template A-4



Appendix B. Tables and Figures

Not included in page count.

SREE Fall 2011 Conference Abstract Template

B-1





