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Abstract 

Mental rotation and spatial visualization abilities are known to be affected by 

different variables, such as task demands, gender, strategy and age (Janssen & Geiser, 

2010; Neuburger et al., 2011; Tzuriel & Egozi, 2010; Voyer, Voyer, & Bryden, 1995). 

Previous studies revealed gender differences in mental rotation and spatial 

visualization, identifying an advantage for men over women (Maeda & Yoon, 2013; 

Voyer et al., 1995). Yet, the magnitude of the gender differences was affected by the 

task characteristics (Roberts & Bell, 2003; Tzuriel & Egozi, 2007), and by the 

participants' age. As age increased, the magnitude of the gender differences increased 

(Geiser, Lehmann, Corth, & Eid, 2008; Voyer et al., 1995). This difference between 

children and adults emphasizes the need for specific research of the children 

population. One of the possible explanations for successful performance in spatial 

tasks is connected to the strategy used when performing the task (Li & O'Boyle, 

2013).  

One main goal of this study was to examine whether a cognitive intervention 

that focuses on strategy enrichment can affect mental rotation and spatial visualization 

abilities among children in general, and among boys and girls, specifically. Another 

unique aspect of this research is the use of eye movement measures, beyond 

behavioral measures. Eye movement measures reflect thinking processes and enable a 

wider understanding of the effect of gender, strategy and difficulty level on spatial 

performance. Analysis of the eye movements allows us to address the question 

whether the success in spatial tasks stems from gender differences, strategy 

differences or both. In addition, measuring eye movements before and after treatment 

(in the local or global strategy program) enables us to understand the effect of each 

treatment on boys and girls performance. 

In our study, the effects of strategy and gender were measured in two different 

spatial categories: the mental rotation ability and the spatial visualization ability. 

Mental rotation is the ability to rotate in one's mind two or three dimension objects 

quickly and accurately (Casey, Andrews, Schindler, Kersh, Samper, & Copley, 2008; 

Linn & Petersen, 1985). In order to measure the mental rotation ability and the effect 

of difficulty level on the behavioral and eye movement measures we built a 

computerized version of the Mental Rotation Windows test (C-WMR, Tzuriel & 



Taragin, 2015). This test includes two difficulty levels which were suited for fourth 

grade children.  

To measure the spatial visualization ability we used the Figure Ground test 

(Gardner, 1996). This test focuses on the ability to find an embedded simple figure in 

a complex background. The C-WMR and the Figure Ground tests differ from one 

another in terms of their cognitive demands, effect size regarding gender differences 

and in the strategy that is most efficient in performing them. The mental rotation tasks 

(Linn & Petersen, 1985) seem to require a global strategy in order to reach more 

effective results (Geiser, Lehmann, & Eid, 2006; Tzuriel & Egozi, 2007). Mental 

rotation was found to have the largest effect size regarding gender differences 

favoring males over females (Voyer et al., 1995). In contrast, the Figure Ground test 

belongs to the spatial visualization category of spatial abilities (Linn & Petersen, 

1985). It was found to have the most inconsistent and the smallest effect size 

regarding gender differences (Voyer et al., 1995). An analytic perception was found 

to be more efficient when performing this test (Peterson et al., 2005; Riding, 1991, 

1998). For both spatial abilities, we measured behavioral and eye movement measures 

before and after receiving one of two types of intervention: The first intervention 

focused on developing a global processing strategy and the second on developing a 

local processing strategy. 

For the mental rotation ability we assumed that boys, compared with girls, 

would be more accurate and would have a stronger tendency towards using the global 

over the local strategy. In this research we measured two main eye movement 

measures: 1. Dwell time - the sum of durations from all fixations and saccades that 

dwelled on the areas of interest. Longer dwell time reflects more detailed observation. 

2. Transitions - the number of times the eyes focus moved from one area of interest to 

another. A larger amount of transitions reflects a more specific and detailed 

observation (Paschke, Jordan, Wüstenberg, Baudewig, & Müller, 2012). 

Effective eye movements include shorter dwell time, longer dwell time on the 

correct over incorrect answer and a lower number of transitions. We assumed that the 

scanning pattern of children who reported on using the global compared with the local 

strategy, and the scanning pattern of boys compared with girls would be more 

effective. In addition, we predict that children would have larger accuracy and more 



effective eye movements at the easy level compared with the difficult level of the C-

WMR test. For the Figure Ground test we predicted that no differences will be found 

in the accuracy measure and in the scanning pattern between boys and girls. We 

assumed that the global treatment will lead to more accurate performance in the C-

WMR test and to more effective eye movement pattern compared with the local 

treatment, whereas for the Figure Ground test the local treatment will lead to more 

accurate performance and to less effective eye movement pattern than the global 

treatment.    

Eighty three fourth grade children (44 boys and 39 girls) were administered 

the C-WMR test and the Figure Ground test while having their eye movements 

monitored. In addition, they completed a Global-Local Judgment Task (Kimchi & 

Palmer, 1982) in order to measure their spatial perception. We requested the children 

to report the strategy they used (Self-Report of Strategy) for the C-WMR test.  

After completing these tests, all children were randomly divided into two 

treatment programs: local (23 boys and 20 girls) and global (21 boys and 19 girls). 

These treatments included six weekly sessions, 45-min. each, given in a small group 

setting (6-10 children). The global treatment program, based on the "Quick Draw" 

(Wheatley, 1996) program, focuses on representing and transforming spatial 

information. In this program, children were trained to perceive the stimuli as a 

complete shape from different directions. The local treatment program is based on the 

same shapes as the global treatment, but concentrates on its local aspects. In this 

program, children were trained to perceive the local aspects of the stimuli. Following 

six weeks of treatment all children completed the same computerized tests and the 

Self-Report of Strategy for the second time. In addition, they conducted the Spatial 

Span subtest (Wechsler, 1997) in order to measure the correlation between spatial 

ability and working memory capacity. 

The results were analyzed separately for the C-WMR and for the Figure 

Ground tests. We analyzed the pre-treatment data of the C-WMR test by using 

repeated measures ANOVA with Difficulty Level as an independent variable. For the 

pre-intervention Figure Ground test we used a one-way ANOVA with gender as 

independent variable. In addition, for each of the tests we measured the global and 

local treatment effects by comparing the pre- and the post-treatment measures using 



repeated measures analysis. We analyzed the behavioral and eye movements' 

measures separately. In addition, Pearson correlations were carried out between 

accuracy, reaction-time and the eye movement indicators and the Global-Local 

Judgment Task and the Spatial Span subtest. 

Gender effect – in accordance with the hypotheses of this study and with the 

findings of previous studies (Li & O'Boyle, 2013; Maeda & Yoon, 2013), in the 

current study boys were significantly more accurate than girls at the pre-treatment C-

WMR test. Yet, in contrast to our assumptions, boys remained more accurate 

following treatment compared with girls. Nevertheless, at the pre-treatment boys and 

girls did not differ in their eye movement pattern, whereas after treatment boys 

improved their scanning pattern compared with girls by spending more time on the 

correct answers. 

For the Figure Ground test, in accordance with the assumptions and previous 

findings (Tzuriel & Egozi, 2007), no gender differences were found in the pre-

treatment accuracy. However, after treatment boys outperformed girls resulting in 

gender differences that characterize adults (Koufman, 2007; Voyer el al., 1995). It 

seems that for both spatial tasks that were given in this study, boys benefit more from 

the interventions than girls. This finding can be explained in that the interventions led 

to a maturation effect as the pattern of performance of children became similar to 

adults' pattern of performance regarding gender differences. These findings are in 

contrast to our assumptions and to previous findings (Tzuriel & Egozi, 2010) where it 

was found that after treatment girls improved their performance and closed the gender 

gap. 

Strategy effect - participants' global/local judgment did not affect their 

performance and eye movement measures in either of the spatial tasks that were 

given. This finding is in contrast to the assumptions and to previous findings (Tzuriel 

& Egozi, 2010). In addition, the interaction between judgment and self-reported 

strategy was not significant. The findings of the current research indicate that among 

children, there is no clear tendency towards using one strategy over the other, and 

they may change their strategy according to the difficulty level of the task and the task 

demands. Support for this conclusion comes from the eye movement pattern of 

children, showing differences in the post-test scanning pattern between the two spatial 

tests that were given. Nevertheless, the strategy that children reported on using was 



found to affect behavioral and eye movements' measures, as the global strategy was 

found to be more effective for the C-WMR test than for the local strategy.   

Treatment effect - accuracy improved in both spatial tests given after the 

intervention phase, regardless of the specific characteristics of the local and global 

interventions. The reason for this improvement may be due to a fundamental 

improvement in the thinking pattern or because of experience gained - the familiarity 

with the tests and the training of spatial thinking.  

Examination of the effect of the local and global treatments on each of the 

tests revealed contradicting findings. The local and the global treatments did not have 

different effects on the eye movement measures at the C-WMR test. Nevertheless, for 

the Figure Ground test, different eye movement patterns were found between children 

in the local and the global treatment groups. It is possible that the difficulty level of 

the spatial tests enabled/prevented children from using the strategy they were taught.  

Difficulty level - the difficulty level of the C-WMR test was found to affect 

accuracy, eye movement pattern and strategy used. The spatial working memory 

capacity was found in this study and in previous studies (Koufman, 2007) to affect 

spatial performance. High working memory capacity correlated with more accurate 

performance. Moreover, the improvement rate after the interventions was affected by 

the working memory capacity, as high capacity was correlated with larger 

improvement in the C-WMR test and with smaller improvement in the Figure Ground 

test. The working memory capacity was positively and significantly correlated with 

accuracy at the easy level, but not at the difficult level. It is possible that different 

cognitive demands may lead to the use of a specific strategy, regardless of the strategy 

that was taught.  

Eye movement measures - the eye movement findings contributed 

significantly to our understanding of the thinking processes among children, and 

enable a wider perception of the variables which affect spatial performance among 

children. In addition, the local and global treatments that were given in this study 

indicate that strategy is not easily taught and that different variables may affect the 

spatial tendencies among children. Implications of the results regarding the strategy, 

gender, difficulty level and treatment variables and the connection between them 

among children compared with adults are discussed. 



In further research the spatial working memory measure may be a used as a 

qualification condition to be included in programs for enrichment of spatial ability for 

children. In addition, in order to observe the effect of age on the strategy used, further 

research should include different age groups such as children and adults.  

 


