
Nicole Fletcher—Symmetry 1 

 

 

Paper Title:  Evaluating the Effectiveness of Symmetry Software for Early Elementary Children 

Author(s): Nicole Fletcher 

Session Title: Evaluating the Effectiveness of Symmetry Software for Early Elementary Children 

Session Type: Brief Research Report 

Presentation Date: April 12, 2016 

Presentation Location: San Francisco, California 

 

 

Authors/presenters retain copyright of the full-text paper. Permission to use content from 
this must be sought from the copyright holder. 
 
 

 
  



Nicole Fletcher—Symmetry 2 

Evaluating the Effectiveness of Symmetry Software for Early Elementary Children 	  

Nicole Fletcher 

 

Abstract 

Symmetry plays an important role across branches of mathematics at all levels, and it is a 

naturally occurring theme in children’s play. Despite this, symmetry does not figure prominently 

in early childhood mathematics curriculum. The purposes of this article are to (1) review the 

literature that supports symmetry’s importance; (2) discuss the development of software 

designed to teach symmetry to young children; and (3) describe the results of a study examining 

the software’s effectiveness. Results showed that children assigned to the experimental condition 

were better able to identify symmetry subtypes and accurately complete translation tasks and 

symmetry tasks overall. These results suggest that children are capable of learning about 

symmetry, and the software designed for this study has the potential to improve children’s 

understanding of symmetry beyond what is currently taught in schools.	  
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What is Symmetry? 

Symmetry can be defined formally in terms of isometries of the plane. An isometry of the 

Euclidean plane is a bijective mapping of the plane onto itself that leaves distances unchanged. 

An object is said to have a certain kind of symmetry if there exists an isometry (other than the 

identity isometry) that maps that object onto itself (Levy, 1970). The four isometries of the plane 

are reflection, translation, rotation, and glide reflection. Reflection is defined in terms of a line of 

symmetry, or “mirror-line”: “Points on one side of [the mirror-line] are projected perpendicular 

to the mirror to points equidistant on the other side of the mirror” (Kappraff, 2015, p. 161). In 

translation, a vector is specified and each point in the plane moves the distance and direction 

defined by the vector. In rotation, each point in the plane is rotated about a center of rotation by a 

specified angle. A glide reflection is a combination of a translation and a reflection—a point on 

the plane is translated by a given vector and then reflected over a mirror-line (Kappraff, 2015).  

When working with young children, however, formal definitions are neither appropriate 

for use in the classroom nor commonly known or understood by the classroom teacher. Tzekaki 

(1999) incorporated two types of symmetric designs and objects in her study with preschool 

children: designs with reflection symmetry, in which a figure is reflected over an axis, and 

symmetrical figures, or an object containing an axis of symmetry. The symmetrical objects and 

designs utilized in Tzekaki’s study are characteristic of the type of symmetry introduced in the 

early elementary classroom. The seemingly “child-friendly” version of the definition fails to 

include types of symmetric transformations other than reflection, such as rotation or translation. 

Young children may easily understand a narrow definition of symmetry as reflection; however, it 

may be difficult to broaden children’s sense of symmetry later on. 
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The Importance of Symmetry in Childhood 

Children develop the ability to perceive symmetry very early in life. Bornstein, 

Ferdinandsen, and Gross (1981) found that four-month-olds were able to process patterns with 

vertical symmetry faster and more frequently than patterns with horizontal symmetry or no 

symmetry. By 12 months, infants in the study also began to express preference for patterns with 

vertical symmetry over patterns with horizontal symmetry or no symmetry. The early 

development of symmetry perception skills in infants may indicate that this skill is important for 

knowledge acquisition and information processing as children continue to develop. 

Symmetry, especially reflection across a vertical axis, is abundant in the world around us. 

Vertical symmetry is present in the human face and body, animals, nature, and the man-made 

environment. The presence of vertical symmetry in so many facets of both our natural and man-

made surroundings may have a major impact on human’s early aptitude for vertical symmetry 

perception over horizontal symmetry perception (Paraskevopoulos, 1968). Repeated exposure 

may be a contributing factor in the early perception of and preference for vertical symmetry, and 

these skills may have also improved through evolution (Rock and Leaman, 1963).  

 Symmetry is a naturally occurring theme in children’s play and creative endeavors. In a 

study of children’s unprompted mathematical activities, Seo and Ginsburg (2004) found that 

themes relating to pattern and shape, especially symmetry, appeared frequently in the 

mathematics-related free play of four- and five-year-old children. Symmetry has been identified 

as a characteristic aspect of the block buildings created by children ages four to six (Hirsch, 

1996). Preschool-aged children often experiment with ideas of shape, pattern, and spatial 

relationships in their play. Such activities in early childhood help to build a foundation of 

concepts important in later mathematics (Clements and Sarama, 2007). As a fundamental part of 
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pattern perception and visual discrimination skills, symmetry may play an important role in 

reading readiness for young children (Bornstein and Stiles-Davis, 1984; Paraskevopoulos, 1968).  

The Importance of Symmetry in Adulthood 

Symmetry is a type of pattern structure and organization of visual information that aids 

adults in the processing and recall of visual information. Adults are able to discriminate and 

recall symmetries better than non-symmetries and will typically convey preference for symmetry 

over asymmetry (Bornstein and Stiles-Davis, 1984). Within categories of line symmetry, adults 

generally discern, categorize, recall, and prefer vertical symmetry to other line symmetries, such 

as horizontal and diagonal symmetries (Bornstein and Stiles-Davis, 1984). 

Though symmetry is often thought of as a geometry-specific concept, it is present in 

many branches of mathematics. Areas of mathematics involving symmetry in a fundamental way 

include algebra, geometry, calculus, combinatorics, graph theory, and statistics (Xistouri, 2007). 

Perceiving the symmetry inherent in a mathematical problem can be an important first step 

toward developing a solution to such a problem. George Polya’s How To Solve It, the seminal 

work on mathematical problem solving, includes the use of symmetry, in both a geometric and a 

more general sense, in its list of suggested heuristics (Polya, 1957). Symmetry is also present in 

numerous topics outside of mathematics and sciences, such as music and art (Bagirova, 2012; 

Moyer, 2001). Concepts in symmetry link mathematics to varied careers outside the field, 

including engineering, architecture, graphic design, and fashion (Bagirova, 2012; Knuchel, 2004). 

Symmetry in Early Elementary Curriculum 

Young children explore the concept of symmetry through their natural, spontaneous play, 

and children’s readiness for learning about symmetry topics is reflected in the national 

curriculums of such countries as Singapore (Ministry of Education, Singapore, 2012) and 
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Finland (Finnish National Board of Education, 2004). Despite this, symmetry does not figure 

prominently in early childhood mathematics curriculum in the United States. In the Common 

Core State Standards for Mathematics (CCSSM), symmetry is mentioned in a cursory manner in 

the first- and second-grade “critical areas,” topics which should receive the bulk of instructional 

attention (National Governors Association Center for Best Practices [NGACBP] & Council of 

Chief State School Officers [CCSSO], 2010). However, standards delineating teaching of 

symmetry concepts do not appear until fourth grade. Widely used elementary mathematics 

curriculum programs, such as Everyday Math and Investigations in Number, Data, and Space, 

also reflect the CCSSM’s minimal coverage of symmetry in early elementary grades.  

Design of the Symmetry Software 

In order to expand young children’s understanding of symmetry—moving beyond the 

current treatment of symmetry in early elementary curriculum—and to capitalize on the 

affordances of educational technology, a computer program was designed to teach symmetry 

subtypes, specifically reflection, translation, and rotation, to young children. The program’s goal 

is to develop a broader and more substantive understanding of symmetry in young children.  

The computer program was designed utilizing the cognitive principles for the design of 

software proposed by researchers whose work lies within the intersection of cognitive 

psychology, technology, early childhood education, and mathematics education: 

• Engage children in cognitively and mathematically appropriate activities. 
• Develop effective models for representing abstract ideas. 
• Encourage accurate and efficient strategies 
• Identify and eliminate bugs and other misconceptions. 
• Design appropriate physical interactions. 
• Integrate narratives and stories with mathematical concepts. (Ginsburg, Jamalian, 

& Creighan, 2013, p. 85) 
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The computer program design was inspired in part by symmetry activities utilizing a ten 

hole-by-ten hole pegboard presented in Using Peg Boards to Expand the First Grade 

Mathematics Curriculum (Fletcher, 2008). Marion Walter’s work on teaching of symmetry 

concepts through the use of mirrors, presented in her books Make a Bigger Puddle, Make a 

Smaller Worm (Walter, 1971) for children in kindergarten through second grade and The Mirror 

Puzzle Book (Walter, 1985) for children in second grade and up, also provided inspiration for the 

design of the computer program. GeoGebra© and Geometer’s Sketchpad® provided inspiration 

for the functionality of the program, adapted into an instructive game environment that is 

developmentally appropriate for young children.  

The program includes an exploratory mode, which allows the child to freely explore the 

specified symmetry or allows teachers or researchers to lead facilitated explorations, and a 

prediction mode, which prompts the child to create a specified symmetric transformation of a 

shape in order to assess the child’s understanding of the symmetry subtopic. Instructional videos 

introduce each symmetry subtype, providing both real world and mathematical examples of the 

symmetric transformation, and demonstrate how the game is played. The program includes 

scaffolds in the form visual and audio feedback that identify mistake types and provide solution 

strategies. During pilot testing, the prediction mode for rotation was determined to be too 

difficult for the targeted age group and was not utilized during the study. Instead, exploratory 

mode and predict-and-check questioning were used to assess students’ understanding of rotation.  

Evaluation of Software and Examination of Children’s Learning 

The purpose of this study was to gain insights into whether children’s natural 

understanding of symmetry can be expanded through the use of a computer program. To achieve 

its purpose, the study sought to answer the following questions:  
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1. Does a research-based symmetry computer program have a positive effect on students’ ability 

to identify symmetric transformations—namely, reflection, translation, and rotation? 

2. Does a research-based symmetry computer program have a positive effect on students’ ability 

to accurately complete reflection, translation, and rotation tasks? 

The effectiveness of the computer program in expanding first and second grade children’s 

understanding of symmetry and its subtypes was evaluated using a pre- and post-test between-

subjects design with treatment condition—symmetry software group versus control group—as 

the primary factor. In addition, a video transformation identification task was implemented 

during post-testing to assess students’ ability to identify symmetry subtypes. 

Setting and Participants 

The study was conducted in an urban public elementary school. The participants included 

86 children from the school’s two first grade and two second grade classrooms—43 were 

assigned to the experimental group (22 first graders and 21 second graders) and 43 were assigned 

to the control group (22 first graders and 21 second graders).  Participants’ ages ranged from 5.8 

years to 7.8 years. Information regarding socio-economic status and race/ethnicity of individual 

participants was not collected. Participants were recruited by letters sent home to families of all 

97 first and second grade students, as well as conversations between families and the researcher 

at the school’s “Curriculum Night.” Signed consent forms were received for 86 children.  

Procedure 

Participants were blocked by classroom and randomly assigned to one of two conditions: 

nine sessions using the symmetry computer program designed in this study in addition to their 

regular mathematics instruction in school, or nine sessions using a non-geometry-related 

computer program from the MathemAntics software suite (the Estimation activities) in addition 
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to their regular mathematics instruction in school. The pre-test was 15 to 20 minutes long, the 

computer sessions were 10 to 20 minutes long, and the post-test was 20 to 30 minutes long. The 

study was completed over a span of nine weeks; during the computer portion of the study, 

students completed one to two computer sessions a week for six weeks.  

Measures 

Pre- and post-test. 

An instrument designed by the investigator to measure students’ understanding of the 

three types of symmetry—reflection, translation, and rotation—was used for pre- and post-

testing. The instrument included items that were directly related to the symmetry computer 

activities as well as transfer tasks. The instrument included explanations, examples, and/or 

demonstrations for each of the symmetry sub-types as well as line of symmetry for the purpose of 

assessing understanding of symmetry topics rather than familiarity with relevant vocabulary. The 

time between pre-test administration and post-test administration was seven to nine weeks for all 

students. All instructions were read to each student by the R.A. administering him or her the test. 

Pre- and post-test scoring. 

Two R.A.’s who did not assist with administration of pre- and post-tests, who did not 

facilitate experimental group computer sessions, and who were blind to the study’s objectives 

scored the pre- and post-tests. The R.A.’s were trained to implement the scoring scheme, and the 

R.A.’s practiced scoring a test together with the primary investigator as part of the training. 

Fifteen percent of the tests (26 tests) were randomly selected for establishing inter-rater 

reliability (including equal numbers of pre- and post-tests, tests completed by students in the 

experimental and control groups, and tests completed by first and second graders). A scoring 

guide with examples of potential scoring ambiguities was provided to the R.A.’s (examples were 
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not taken from the 26 tests selected for establishing inter-rater reliability). Both R.A.’s 

independently scored the 26 tests, but a sufficient overall inter-rater reliability score was not 

reached. All scoring discrepancies were discussed, and an agreement was reached for each 

discrepancy. A second scoring-scheme training session was held, scoring guidelines were 

clarified or modified as needed, and additional examples were added to the scoring guide. A 

second set of fifteen percent of the tests was randomly selected and scored by both R.A.’s. Inter-

rater reliability was calculated for each question using Cohen’s kappa and ranged from .688 to 1 

with a mean inter-rater reliability of .878. All scoring discrepancies on the second set of tests 

scored independently by both R.A.’s for inter-rater reliability were discussed, and an agreement 

was reached for each discrepancy. The remaining tests were randomly assigned to be scored by 

one of the two R.A.’s. After all tests were scored, the R.A.’s checked each others’ scoring for 

issues that were commonly caused disagreement when establishing inter-rater reliability 

(identifying the number of segments in a shape drawn by a child; identifying whether a shape 

drawn by a child was oriented correctly to create a translation). Disagreements in scoring of 

these two issues were discussed, and the R.A.’s reached an agreement for each case. 

Post-test video transformation identification task.  

A task designed by the researcher to measure a student’s ability to identify each of the 

three symmetry subtypes—reflection, translation, and rotation—was used during post-testing in 

addition to the researcher-designed pre- and post-test instrument. Six short videos of symmetric 

shape transformations were created (two videos for each of the three symmetry subtypes). Four 

orderings of the videos were randomly generated, and students were randomly assigned to one of 

the four orderings (blocking for class and condition). Students were offered the opportunity to be 

told/reminded by the R.A. of the definitions for each of the three symmetries (“If you fold a 
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reflection in half along the line of symmetry, both sides will match exactly. A translation is a 

slide. And a rotation is a turn.”) and then asked to identify the symmetry presented in each video. 

Students’ answers were then scored as correct or incorrect. 

Summary of Results 

Video Transformation Identification Task Accuracy Analysis 

 Research question 1—Does a computer program whose design is based on 

current research about symmetry concepts have a positive effect on students’ ability to identify 

symmetric transformations—namely, reflection, translation, and rotation?—was answered 

through an analysis of students’ accuracy when identifying symmetry subtypes during the video 

transformation identification task. The total number of correct responses was compiled per 

student for each symmetry subtype (out of two videos per subtype) and overall (out of six total 

videos). The reliability of the task, measured using Cronbach’s alpha, was equal to .653. A t-test 

determined whether there was a significant effect for experimental condition in ability to 

accurately identify symmetry subtypes during the video transformation identification task. For 

each symmetry subtype and for overall accuracy score, the null hypothesis stated that the mean 

number of correctly identified symmetry subtypes for the experimental group and the control 

group were equal; the alternative hypothesis was that the mean number of correctly identified 

symmetry subtypes for the experimental group and the control group were different.  

For accuracy in identifying reflection, the mean scores of the control and the 

experimental groups were 1.214 (SD = 0.813) and 1.721 (SD = 0.504), respectively. The 

difference in means between the control and experimental groups in accurately identifying 

reflection was statistically significant at the α = .05 level, t = −3.446, df = 68.167, p < .001. The 
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effect size for accuracy in identifying reflection, measured using Cohen’s d, was 0.75, suggesting 

a medium to large effect size when using guidelines proposed by Cohen (1992).  

 For accuracy in identifying translation, the mean scores of the control and experimental 

groups were 0.762 (S = 0.878) and 1.256 (SD = 0.875), respectively. The difference in means 

between the control and the experimental groups in accurately identifying translation was 

statistically significant, t = −2.597, df = 82.94, p = .011. Cohen’s d for accuracy in identifying 

translation was .563, suggesting a medium effect size (Cohen, 1992). 

For accuracy in identifying rotation, the mean scores of the control and experimental 

groups were 1.452 (SD = 0.670) and 1.721 (SD = 0.549), respectively. The difference in means 

between the control and experimental groups in accurately identifying rotation was statistically 

significant, t = −2.019, df = 79.161, p = .047. Cohen’s d for accuracy in identifying rotation was 

.439, suggesting a small to medium effect size (Cohen, 1992). 

For total accuracy score, the mean scores of the control and the experimental groups were 

3.310 (SD =	  1.600) and 4.698 (SD = 1.406), respectively. The difference in means between the 

control and the experimental groups in total accuracy score was statistically significant, 

t = −4.245, df = 81.126, p < .001. Cohen’s d for accuracy in identifying translation was .922, 

suggesting a large effect size (Cohen, 1992). 

To explore any possible grade-level differences in accuracy during the video 

transformation identification task, a t-test determined whether there was a significant effect for 

grade level in ability to accurately identify symmetry subtypes during the task. For accuracy in 

identifying reflection, the mean scores for first grade students and second grade students were 

1.455 (SD = 0.730) and 1.488 (SD = 0.711), respectively. The difference in means between first 

grade students and second grade students in accurately identifying reflection was not statistically 
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significant, t = −0.213, df = 82.826,  p = .832. For accuracy in identifying translation, the mean 

scores for first grade students and second grade students were 1.068 (SD = 0.925) and 0.951 

(SD = 0.893), respectively. The difference in means between first grade students and second 

grade students in accurately identifying translation was not found to be statistically significant, 

t = 0.593, df = 82.891, p = .555. For accuracy in identifying rotation, the mean scores for first 

grade students and second grade students were 1.591 (SD = 0.622) and 1.585 (SD = 0.631), 

respectively. The difference in means between first grade students and second grade students in 

accurately identifying rotation was not found to be statistically significant, t = 0.041, df = 82.382, 

p = .968. For total accuracy score, the mean scores for first grade students and second grade 

students were 4.114 (SD = 1.674) and 4.024 (SD = 1.604), respectively. The difference in means 

between first grade students and second grade students in total accuracy score was not found to 

be statistically significant, t = 0.251, df = 82.929, p = .802. 

A two-way ANOVA with interactions determined whether an interaction between 

experimental condition and grade level had a statistically significant effect on ability to identify 

symmetry subtypes during the task. The interaction between experimental condition and grade 

level was not statistically significant for accuracy in identifying reflection (F(1, 81) = 0.340, 

p = .561); for accuracy in identifying translation (F(1, 81) = 0.002, p = .964); for accuracy in 

identifying rotation (F(1, 81) = 2.273, p = .136); and for accuracy in identifying symmetry 

subtypes overall (F(1, 81) < 0.001, p = .983). 

Pre- and Post-Test Analysis 

 Research question 2—Does a computer program whose design is based on 

current research about symmetry concepts have a positive effect on students’ ability to 

accurately complete reflection, translation, and rotation tasks, controlling for pre-intervention 
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knowledge?—was answered through an analysis of students’ performance on the pre- and post-

test. Cronbach’s alpha was used to determine the reliability of the reflection, translation, and 

rotation items during pre- and post-testing (Table 1). Reliability was not high for translation and 

rotation items. Low reliability could indicate a low internal consistency among test items, but it 

may also be attributed to the small number of items in these sections (Tavakol & Dennick, 2011).  

Table 1 

Reliability Analysis for Reflection, Translation, and Rotation Test Items (Cronbach’s Alpha) 

 Version A Version B 

 Pre-Test α Post-Test α Pre-Test α Post-Test α 

Reflection .857 .821 .861 .879 
Translation .567 .462 .612 .394 

Rotation .497 .121 .514 .087 
 
Pre-Test Analysis 

 To establish whether the control and the experimental groups were equivalent at pre-test, 

a t-test determined whether there was a statistically significant difference between the two 

groups in performance on each of the test sub-sections and on the total score. As indicated in 

Table 2, no statistically significant differences were found in the performance of the control and 

the experimental groups on each of the test sub-sections and on the total score (α = .05). 



Nicole Fletcher—Symmetry 15 

Table 2 

Mean Score Comparison for Pre-Test Subsections and Total Score Between Participants in the 

Control and Experimental Groups 

Test Subsection 
Control  Experimental     

M SD  M SD  t df p value 

Pre-Test Reflection 40.421 18.637  42.390 18.217  −0.496 83.956 .622 

Pre-Test Translation 44.397 24.555  51.269 26.379  −1.250 83.572 .215 

Pre-Test Rotation 50.269 17.951  44.186 22.149  1.399 80.544 .166 

Pre-Test Total 42.006 17.252  43.998 16.649  0.545 83.894 .587 
To establish whether the test versions were equivalent at pre-test, a t-test determined 

whether there was a difference between the performance of participants who took test version A 

at pre-test and students who took test version B at pre-test for each of the test sub-sections and on 

the total score. As indicated in Table 3, no statistically significant differences were found in the 

performance of participants who took test version A at pre-test and students who took test 

version B at pre-test on each of the test sub-sections and on the total score (α = .05).  

Table 3 

Mean Score Comparison for Pre-Test Subsections and Total Score Between Participants Who 

Took Test Version A and Test Version B  

Test Subsection 
Version A  Version B     

M SD  M SD  t df p value 

Pre-Test Reflection 39.269 17.986  43.541 18.659  −1.081 83.887 .283 

Pre-Test Translation 45.667 24.537  49.999 26.671  −0.784 83.423 .435 

Pre-Test Rotation 47.585 21.050  46.870 19.706  0.163 83.637 .871 

Pre-Test Total 41.100 16.845  44.904 16.903  −1.046 83.999 .299 
 

Further analyses using a two-way analysis of variance and a two-way interaction analysis 

of variance were conducted to establish equivalence at pre-test of the control and the 
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experimental groups as well as participants who took test version A and B at pre-test. The results 

of these analyses confirmed the results found in the t-tests described previously. 

Post-Test Analysis 

Reflection. 

 The mean scores of the control and the experimental groups for reflection post-test items 

were 50.288 (SD = 18.010) and 55.446 (SD = 17.830), respectively. The independent variables 

included in the Analysis of Covariance (ANCOVA) model were experimental condition and pre-

test reflection score. No differences were found between the performance of the control and the 

experimental groups on reflection post-test items, when controlling for pre-test reflection scores 

(see Table 4). Pre-test reflection scores were found to be the only significant predictor of post-

test reflection scores when controlling for experimental condition and pre-test reflection score. 

This model explains 58.9% of the variance of post-test reflection scores. Experimental condition 

accounted for 2.5% of the variation in post-test reflection scores (ηp
2 = 0.025); pre-test reflection 

score accounted for 5.8% of the variation in post-test reflection scores (ηp
2 = 0.580). 

An ANCOVA including interaction was conducted to determine whether an interaction 

between experimental condition and pre-test reflection score had a significant effect on post-test 

reflection scores. The interaction between experimental condition and pre-test reflection score on 

post-test reflection score was not statistically significant, F(3, 82) = 39.18, p = .968. The model 

including interactions explains 58.9% of the variance of post-test reflection scores. 
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Table 4 

ANCOVA for Post-Test Reflection Scores by Experimental Condition and Pre-Test Score 

 Estimate Standard Error T p value 

(Intercept) 20.345 3.314 6.138 < .001* 

Control/Experimental 3.699  2.522 1.467 .146* 
Pre-Test Score 0.741 0.069 10.713 < .001* 

Note. * p < .05, R2: .589, F statistic: 59.48 on 2 and 83 df, p value: < .001* 
 

Translation. 

The mean scores of the control and the experimental groups for translation post-test items 

were 46.090 (SD = 19.951) and 57.611 (SD = 23.151), respectively. The independent variables 

included in the ANCOVA model were experimental condition and pre-test translation score. A 

statistically significant difference was found between the performance of the control and the 

experimental groups on translation post-test items, when controlling for pre-existing ability 

measured by pre-test translation scores (see Table 5). Experimental condition and pre-test 

translation scores were found to be the significant predictors of post-test translation scores when 

controlling for experimental condition and pre-test translation score. This model explains 46.7% 

of the variance of post-test translation scores. Experimental condition accounted for 5.3% of the 

variation in post-test translation scores (ηp
2 = 0.053); pre-test translation score accounted for 

42.8% of the variation in post-test reflection scores (ηp
2 = 0.428). 

An ANCOVA including interaction was conducted to determine whether an interaction 

between experimental condition and pre-test translation score had a significant effect on post-test 

translation scores. The interaction between experimental condition and pre-test translation score 

on post-test reflection score was not statistically significant, F(3, 82) = 24.63, p = .304. The 

model including interactions explains 47.4% of the variance of total post-test scores. 
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Table 5 

ANCOVA for Post-Test Translation Scores by Experimental Condition and Pre-Test Score 

 Estimate Standard Error T p value 

(Intercept) 21.450  4.006 5.355 < .001* 

Control/Experimental 7.707  3.578 2.154 .034* 
Pre-Test Score 0.555 0.070 7.886 < .001* 

Note. * p < .05, R2: .467, F statistic: 36.38 on 2 and 83 df, p value: < .001* 
 
 Rotation. 

The mean scores of the control and the experimental groups for rotation post-test items 

were 57.424 (SD = 17.229) and 54.741 (SD = 15.035), respectively. The independent variables 

were experimental condition and pre-test rotation score. No statistically significant differences 

were found between the performance of the control and the experimental groups on rotation post-

test items, when controlling for pre-existing ability measured by pre-test rotation scores (see 

Table 6). Pre-test rotation score was again not found to be a significant predictor of post-test 

rotation scores when controlling for experimental condition and pre-test rotation score. This 

model explains 4.7% of the variance of post-test rotation scores. Experimental condition 

accounted for 0.3% of the variation in post-test translation scores (ηp
2 = 0.003); pre-test 

translation score accounted for 4.0% of the variation in post-test reflection scores (ηp
2 = 0.040). 

An ANCOVA including interaction was conducted to determine whether an interaction 

between experimental condition and pre-test rotation score had a significant effect on post-test 

rotation scores. The effect of an interaction between experimental condition and pre-test rotation 

score on post-test reflection score was not statistically significant, F(3, 82) = 1.97, p = .182. The 

model including interactions explains 6.7% of the variance of post-test rotation scores.  
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Table 6 

ANCOVA for Post-Test Rotation Scores by Experimental Condition and Pre-Test Score 

 Estimate Standard Error t p value 

(Intercept) 49.358 4.971 9.930 < .001* 

Control/Experimental −1.706 3.477 −0.491 .625* 
Pre-Test Score 0.160  0.086 1.860 .066* 
Note. * p < .05, R2: .047, F statistic: 2.04 on 2 and 83 df, p value: .137 
 
 Total post-test score. 

The mean scores of the control and the experimental groups for total post-test scores were 

50.290 (SD = 15.667) and 55.729 (SD = 16.259), respectively. The independent variables were 

experimental condition and total pre-test score. A statistically significant difference was found 

between the performance of the control and the experimental groups on post-test items overall, 

when controlling for pre-existing ability measured by total pre-test score (see Table 7). 

Experimental condition and total pre-test scores were found to be the significant predictors of 

total post-test scores when controlling for experimental condition and total pre-test score. This 

model explains 69.8% of the variance of post-test reflection scores. Experimental condition 

accounted for 4.6% of the variation in post-test translation scores (ηp
2 = 0.046); pre-test 

translation score accounted for 68.9% of the variation in post-test reflection scores (ηp
2 = 0.689). 

An ANCOVA including interaction was conducted to determine whether an interaction 

between experimental condition and total pre-test score had a significant effect on total post-test 

scores. The effect of an interaction between experimental condition and total pre-test score on 

total post-test score was not statistically significant, F(3, 82) = 63.24, p = .741. The model 

including interactions explains 69.8% of the variance of total post-test scores. 
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Table 7 

ANCOVA for Post-Test Total Scores by Experimental Condition and Pre-Test Score 

 Estimate Standard Error t p value 

(Intercept) 17.457  2.781 6.277 < .001* 

Control/Experimental 3.882 1.936 2.005 .048* 
Pre-Test Score 0.782 0.058 13.555 < .001* 
Note. * p < .05, R2: .698, F statistic: 95.83 on 2 and 83 df, p value: < .001* 
 

Discussion 

For accuracy in identifying reflection, translation, and rotation during the video 

transformation identification task, as well as overall accuracy score, the mean number of 

correctly identified symmetry subtypes was higher for the experimental group than the control 

group, and the difference in means was found to be statistically significant. These results indicate 

a significant effect for experimental condition in ability to accurately identify symmetry subtypes 

during the video transformation identification task.  

 Grade-level differences in accuracy when identifying symmetry subtypes during the 

video transformation identification task were also explored using the method employed 

previously for the analysis of difference in means by experimental condition. The difference in 

means between first and second grade students in accurately identifying symmetry subtypes was 

not found to be statistically significant for any of the three symmetry subtypes or for overall 

score (and the mean accuracy score was slightly higher for first grade students than for second 

grade students in translation, rotation, and total score). That grade level did not have a significant 

effect on student ability to accurately identify symmetry subtypes is an important finding. 

Increased age or length of time in school did not lead to an increased ability to accurately 

identify symmetry subtypes. Use of the symmetry software delivering explicit instruction in 

symmetry subtypes had a positive effect on student ability to identify symmetric transformations. 
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An ANCOVA determined whether there existed any statistically significant differences 

between the control and the experimental groups in post-test performance for each symmetry 

sub-type and for overall performance when controlling for pre-existing ability measured by pre-

test scores, post-test version, and grade level.  

Grade level did not predict post-test performance for all three symmetry sub-types and 

for overall performance on the post-test. Thus, the ability to accurately complete reflection, 

translation, and rotation tasks does not improve naturally over time. 

Pre-test performance predicted post-test performance for reflection, translation, and 

overall post-test performance. This finding is in line with expectations; students who were low 

performing on the pre-test were also low performing on the post-test, while students who 

performed higher on the pre-test also performed higher on the post-test. Pre-test performance 

was found to be not significant, but this finding is not surprising given the extremely low 

reliability of the rotation section in measuring rotation ability at post-test.  

Experimental condition did not predict post-test performance for reflection and rotation. 

Experimental condition was found to predict post-test performance for translation and overall 

post-test performance. There is a benefit from receiving the experimental treatment to post-test 

translation performance and overall performance. When controlling for pre-test translation score, 

there was an average benefit of 7.7 points for the experimental group on post-test translation 

score that can be attributed to the symmetry software treatment. When controlling for total pre-

test score, there was an average benefit of 3.88 points for the experimental group on total post-

test score that can be attributed to symmetry software treatment.  

Because reflection is the symmetry subtype most often taught in school at the early 

elementary level, it is not surprising that the control group’s performance was close to that of the 
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experimental group’s on reflection tasks. The reflection section also included a number of tasks 

in which children were asked to identify lines of symmetry, which children were not asked to do 

within the context of the game. Including tasks requiring a skill not explicitly taught in the 

activity may have reduced a positive effect on the reflection subsection in the experimental 

group. 

The rotation section received the lowest reliability score at both pre- and post-test, and 

the reliability of the rotation section decreased substantially from pre- to post-test. It is difficult 

for measures with low reliability to produce statistically significant results, which may be a 

factor here. In addition, during the rotation computer sessions, R.A.-facilitated rotation 

prediction tasks were conducted using exploratory mode in lieu of the computer-generated tasks 

in program’s rotation prediction mode. This caused more variability in rotation task 

implementation than in the computer-implemented prediction mode used for the other symmetry 

subtypes, which may have impacted participants’ learning outcomes for rotation.	  

Recommendations 

This study presents a number of interesting and important recommendations for 

educators. First and foremost is that young children can learn about symmetry—and they can 

learn more about symmetry than what they know naturally and what is taught currently. 

Teaching symmetry earlier than designated by the Common Core (fourth grade for reflection and 

eighth grade for other symmetric transformations) can provide a unique opportunity to utilize 

and build upon the skills and interests that young children bring into the classroom. Additionally, 

teaching symmetry earlier and spending more instructional time on the subject may help students 

to develop greater facility with and a deeper understanding of symmetry and its subtopics. 
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This study highlighted the importance of implementing multiple means of assessment 

when measuring children’s understanding and learning of a topic. A paper-and-pencil test alone 

does not provide sufficient means for young children to fully demonstrate their knowledge of a 

particular subject. Difficulties with drawing, other fine motor skills, or executive functioning 

skills required to complete an assessment may inhibit a child from demonstrating their true 

understanding of a subject on a written test, which is likely the case for some children in this 

study. Assessment tools that do not rely on writing or drawing skills provide alternative means 

for children who have not yet fully developed these skills. Including a verbal explanation portion 

in assessment has the potential to uncover information about children’s understanding not 

accessible in a paper-and-pencil test. Children’s verbal skills often develop faster than their 

writing skills; giving children opportunities to verbally respond to questions may allow them to 

convey a higher level of understanding through answers more complex than they are capable of 

in written form. Assessing children through verbal explanations may reveal hidden 

misconceptions held by a child who “accidentally” answered a problem correctly, or may reveal 

a child’s understanding of a topic even though the question was answered incorrectly.  

This study offers a number of opportunities for further research. While children assigned 

to the experimental group engaged in prediction mode computer sessions, a research assistant 

coded for behaviors and strategies employed by the child while solving each problem. Some of 

these behaviors and strategies included counting grid spaces, tracing grid lines with a figure, 

using grid numbers visible on the screen, or making a turning gesture. Currently, no body of 

literature exploring children’s use of strategies when solving symmetry problems exists. The 

behavior and strategy data collected in this study could be used as a starting point to explore the 

most common and most effective strategies employed by children when completing symmetry 
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tasks, and future studies could collect more detailed data on the behaviors, gestures, and 

strategies utilized by children engaging in the software tasks and activities in order to address the 

dearth of literature on children’s strategy use in symmetry.  

 The current study evaluated the effectiveness of the symmetry computer program 

designed herein by comparing the symmetry understanding of two groups of children: children 

who participated in sessions with the program designed for this study and children who 

participated in sessions with a non-geometry-related computer game. Positive effects attributed 

to the symmetry software treatment were found for symmetry subtype identification and 

completion of translation tasks and symmetry tasks overall, demonstrating that children are 

capable of learning much more about symmetry and its subtypes than is currently taught. Future 

research comparing the effectiveness of the symmetry program designed in this study to the 

effectiveness of other symmetry-focused computer activities could help to reveal whether some 

symmetry representations and activity designs are more effective than others.  

The results of this study also have important implications for mathematics education 

policy. Though the desire to bring consistency to mathematics instruction and improve the 

learning outcomes for all students—leading to the widespread adoption of the Common Core—is 

a commendable goal, a consequence of the Common Core’s adoption is that the standards are 

now viewed as the ceiling of mathematics teaching and learning. The content of what teachers 

are teaching, and, subsequently, what curriculum writers are writing, is being restricted only to 

what is specified in the standards. As a result, topics not addressed in the standards—such as 

symmetry for early elementary students—are being excluded altogether. Policy makers—from 

state officials responsible for adopting the Common Core to school principals overseeing its 

implementation—should recognize that the spirit of the Common Core was not meant to limit 
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learning opportunities, and that the exploration of topics not specified in the standards should not 

only be allowed but also encouraged. Keeping the Common Core’s ceiling effect in mind, 

developers of the standards and policy makers should seek to ensure that topics that are not 

included currently but are relevant to students' mathematical understandings are added to future 

iterations of the Common Core. Specifically, further developing standards that focus on 

symmetry learning in early elementary school would help provide opportunities for children to 

learn about this important and mathematically rich topic. 
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