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Angle is an important concept in geometry. Young children have difficulty separating angle size from other dimensions such as the length of angle sides, perhaps due to whole-object bias in word learning. The present study used the pre-test–training–post-test design to investigate the effectiveness of two ways of separating angle from angle size in 3–6-year-old Chinese preschoolers. A total of 228 children were given a pre-test and 219 of them failed the crucial test. 168 of the 219 children were present at school during the training phase and were randomly assigned to three groups: the “toma” group (n = 57), which received training to call the whole angle figure as “toma” and angle size as angle size; the “angle/angle size” group (n = 56), which received the training of separating “angle” from “angle size”; and the control group (n = 55), which used “angle size” alone to represent both the overall angle figure and angle size. Results showed that the “toma” group improved significantly more than the other two groups, the latter of which did not differ from each other. These results suggest that it is insufficient to have two separate words/phrases (angle and angle size) for children to learn to differentiate angle from angle size, perhaps due to their shared usage of the word angle. Instead, the use of a novel term is necessary and sufficient to improve learning. Implications for preschool education are discussed.
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INTRODUCTION

Angles are an important visual experience. As early as a few hours after birth, neonates already show sensitivity to the two fundamental properties of Euclidean geometry, angle and length (Schwartz et al., 1979; Cohen and Younger, 1984; Slater et al., 1991; Lourenco and Huttenlocher, 2008; Lindskog et al., 2019). Despite the early-developing sensitivity to angle, however, school children have great difficulty learning the concept of “angle size” (Clements and Battista, 1992; Mitchelmore and White, 2000). When comparing the size of angles, elementary and even middle school students are often confused by irrelevant properties such as the length of an angle’s sides, the area within the sides, and the distance between the sides. For example, they would mistakenly judge that the angle formed by longer lines is larger than the same angle formed by shorter lines (Clements and Battista, 1989; Lindquist and Kouba, 1989; Lehrer et al., 1998; Huangpu, 2009).

Why do school children fail to take advantage of early sensitivity to angle to learn the concept of angle size? According to Van Hiele’s model of geometric reasoning (Van Hiele, 1986), children learn to use a holistic processing approach to understanding geometric shapes. When learning a new concept such as angle, children make the whole-object assumption, i.e., a novel label is likely to refer to the whole object and not to its parts, substance, or other properties (e.g., Markman and Hutchinson, 1984; Landau et al., 1988; Hollich et al., 2007). When an adult points to an angle size and says “angle or angle size” in the classroom or in daily life, children map “angle size” to the entire angle figure. Therefore, they do not separate the size of an angle from its other dimensions such as length or area (Clements and Battista, 1989). What can educators do to help children to learn the concept of angle size? One way to force the children to separate angle size from other dimensions is to give separate labels for the angle size (“angle”) and the whole angle figure (“toma”), as demonstrated by Gibson et al. (2015). Specifically, children in the experimental condition were given a label “toma” referring to the entire angle and “angle” referring to the size of an angle, and children in the control condition were given one label “angle” referring to both the whole angle and angle size as is done in daily English usage. Result showed that children in the experimental condition significantly improved in their understanding of the concept of angle size and the improvement was greater than that in the control condition.

Building on Gibson et al.’s (2015) finding that a novel term can help 4 year olds learn to differentiate angle size from angle, the current study aimed to expand this line of research in the following ways. First, we extended this research to a Chinese sample. Cultural differences in general and linguistic differences in particular between Chinese and Americans have been found to affect language learning (Tardif et al., 1997, 1999) and mathematical cognition even in preschoolers (e.g., Kelly et al., 1999; Zhou et al., 2007; Siegler and Mu, 2008; Xu et al., 2013). This study aimed to test whether the “toma” intervention would also be effective among a group of Chinese preschoolers. Second, in addition to the “toma” intervention condition and a control condition, we added a third condition that included another way of separating “angle (jiao)” and “angle size (jiaodu)” commonly used by Chinese elementary and middle school teachers. If the mere use of separate labels would be sufficient, the use of two labels “angle” and “angle size” should lead to improved learning of the concept of angle. On the other hand, the fact that both labels still include the word “angle” may not help children to learn the concept of angle. Third, previous studies have found significant gender differences in children’s geometric and spatial cognition (Spelke, 2005; Davies and Uttal, 2007; Halpern et al., 2007; Tzuriel and Egozi, 2010; Tian et al., 2018). Gender difference was not examined in Gibson et al.’s study, perhaps due to its limited sample size (N = 30). This study used a much larger sample (N = 228) and investigated gender differences in children’s understanding of angle and angle size and in the potential effects of the interventions. Fourth, age is another factor that was not examined in Gibson et al.’s study, which included only 4–5-year-olds (Mage = 4.86 years). Given the rapid changes in whole-object bias and mutual exclusivity bias in early childhood (Markman and Wachtel, 1988; Soja et al., 1991; Hall et al., 1993), we included a wider age range (from 3 to 6 years of age) to examine whether the effect of the “toma” intervention would be similar for children younger and older than those in Gibson et al. experiment.



MATERIALS AND METHODS


Participants

This experiment was carried out at two preschools in an average neighborhood in Beijing. Children were initially tested to assess their understanding of the concept of angle. Those who did not understand the concept served as the sample for experiment. The pre-test included 228 children from three grade levels (young, middle, and older preschoolers). The young (first-year) preschoolers included 72 children (44 boys, 28 girls, Mage = 3.65 years, SD = 3.15, age range: 3.25–4.25 years), the middle (second-year) preschoolers included 75 children (43 boys, 32 girls, Mage = 4.66 years, SD = 3.70, age range: 4.00–5.25 years), and the older (third-year) preschoolers (equivalent to American kindergarteners) included 81 children (49 boys, 32 girls, Mage = 5.66 years, SD = 3.52, age range: 5.00–6.25 years). Participation was voluntary and neither children nor teachers received compensation. Parental consent was obtained before the experiment. The experimental protocol was approved by the IRB of Capital Normal University.

Based on the pre-test, almost all children (219 of 228) lacked an understanding of angle size as a separate dimension from the angle figure (see Table 1). The subjects who lacked an understanding of angle served as the pool for the intervention. Due to illness and other reasons (vacation, celebrations, etc.), 51 children did not come to school to take part in the experiment. The rest of the children (N = 168) finished the experiment. The “toma” group included 57 children (35 boys, 22 girls; 19 young preschoolers, 20 middle preschoolers, 18 older preschoolers), the “angle/angle size” group included 56 children (34 boys, 22 girls; 19 young preschoolers, 19 middle preschoolers, 18 older preschoolers), and the control group included 55 children (32 boys, 23 girls; 18 young preschoolers, 19 middle preschoolers, 18 older preschoolers).


TABLE 1. Distribution of subjects with different pre-test scores on the length-inconsistent task.
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The Conditions

For the “toma” condition, we used the Gibson intervention strategies. Children were taught that the label “toma (tuoma in Chinese)” represented the overall angle figure and the word “angle size (jiaodu)” referred to the measure of rotation of an angle figure (Note: Gibson et al. used “angle,” which can be translated into either jiao or jiaodu. We used “angle size (jiaodu)” because of its clarity in Chinese.). For the “angle/angle size” condition, children were taught that the label “angle (jiao)” represented the overall angle figure and the word “angle size (jiaodu)” referred to the measure of rotation of an angle figure, which was the same as in the “toma” condition. In the control condition, children only heard the word “angle size” in reference to both the overall angle figure and the measure of rotation of an angle figure. We could have used “angle (jiao)” in reference to both concepts for the control condition or for an additional condition. However, the ultimate aim is to help children learn the concept of angle size (jiaodu), so we used this term because of its precision and clarity (see Table 2).


TABLE 2. The terms used in Gibson et al.’s and current studies.
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Pre-test and Post-test Task

We adapted Gibson et al.’s (2015) angle rotation comparison tasks. There were three types of angle rotation comparison tasks: length-consistent, length-neutral, and length-inconsistent trials, with 6 trials for each type and 18 trials in total (see Figure 1). On each trial, children were presented with a card depicting two angle figures and asked: “Can you tell me which one has the bigger angle size (jiaodu)?” Each angle figure was formed by two line segments that met at a single point. On the length-consistent trials, the larger angle size also had longer sides, and the smaller angle size had shorter sides. Children could judge correctly based on the length of the sides of the angles even if they were unable to properly compare the measurement of rotation of an angle figure. In other words, this task only assessed whether children had the general sense of larger or small geometric objects. On the length-neutral trials, the figure varied in angle size but not in length of the sides. This task controlled for one dimension (length) but no other dimensions (e.g., area), so it required a bit more sense of geometric shapes than the length-consistent task. On the length-inconsistent trials, the larger angle size had shorter sides than the smaller angle size. This is the crucial task that taps children’s true understanding of the dimension of angle size.
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FIGURE 1. Angle comparison task.


All figures were arranged in the same orientation with a horizontal base and the vertex on the left side of the page. There were six pairs of angle figures (two pairs of acute angles, two pairs of obtuse angles, and two pairs of one acute angle vs. one obtuse angle) in each type of tasks. The pair of angles for each trial were arranged vertically, one at the top and the other one at the bottom. Three pairs of angle figures had the bigger angles at the top, and the other three pairs had the bigger angles at the bottom. Children were given 1 point for each correct answer and 0 points for wrong answers. Each type of tasks had a score range of 0–6 points.



Training

The training session consisted of three parts: introduction, description, and guided practice. The instructions were the same as those used by Gibson et al. (2015) except that they were given in Chinese.

In the introduction phase of training, all children were shown a picture of a single acute angle figure and then four pairs of angle figures (two pairs of acute angles and two pairs of obtuse angles). The angle figures within each pair had different side lengths but the same angle size. In the “toma” and “angle/angle size” experimental conditions, the experimenter pointed to the single acute figure and said, respectively, “This is a toma/angle. Can you say toma/angle.” Then in the “toma” experimental condition, the experimenter pointed to each figure and said: “Here are two tomas. Here is a bigger toma and here is a smaller toma. Can you point to the bigger toma? Can you point to the smaller toma?” In the “angle/angle size” experimental condition, the experimenter pointed to each figure and said: “Here are two angles. Here is a bigger angle and here is a smaller angle. Can you point to the bigger angle? Can you point to the smaller angle?” Each of the four trials was repeated once and the experimenter provided feedback regardless of whether the child was correct or incorrect (i.e., “Right! This is the bigger toma/angle!” or “Oops! This is the bigger toma/angle”). In the control condition, the experimenter pointed to the single acute angle and said: “This is an angle size. Can you say jiaodu?” Then experimenter simply pointed to each figure and said: “Here are two angle sizes. Here is an angle size and here is the other angle size. Can you point to an angle size? Can you point to the other angle size?” Each of the four trials was repeated once and the experimenter provided encouragement each time the child correctly pointed to the two angle sizes.

In the description phase of training, all children were shown a picture of a single angle figure with the arc of the angle highlighted by an arrow. The three groups of children were told, respectively: “Let’s take a close look at the toma/angle/angle size. There are two lines (experimenter traces the sides) the top line opens up (experimenter traces the arrow) to form an angle size (experimenter points to the center of the figure).” This was repeated three times for each child.

In the guided practice phase of training, all children were given three length-consistent and three length-inconsistent trials. The order of presentation of the trials was the same for every child (one pair of acute angles, one pair of obtuse angles, and one pair of one acute angle vs. one obtuse angle in each type of trails). In the two experimental conditions, children were presented with the first pair of angles and asked: “Can you point to the bigger toma/angle?” After the children answered, experimenter gave feedback to them (“Right! This is the bigger toma/angle” or “Oops! This is the bigger toma/angle”) and then told: “Now let’s look at the angle size. This is the bigger angle size (experimenter points to center of the figure with larger angle size) and this is the smaller angle size (experimenter points to center of the other figure). Can you show me the bigger angle size?” Again, children received feedback (Right! This is the bigger angle size” or “Oops! This is the bigger angle size”). This process was repeated for all six trials. After going through all trials once, the same six trials were repeated a second time during which the children were only asked: “Can you show me the bigger angle size?” Again, all children received feedback regardless of whether or not they were correct. In the control condition, children saw the same six trials, but were not asked to identify the larger toma/angle. They were only told: “Here are two angle sizes. This is the bigger angle size (experimenter points to the center of one figure) and this is the smaller angle size (experimenter pointed to the center of the other figure). Can you show me the bigger angle size?” The six trials were repeated a second time, and children were only asked: “Can you show me the bigger angle size?” All children received feedback regardless of whether or not their responses were correct as was the case in the experimental conditions.



Procedure

The experimenters were two Chinese female postgraduate students. The pre-test, training, and post-test were all administered individually. The pre-test and post-test sessions lasted 3–5 min each, and the training session lasted 5–7 min. In the pre-test, length-consistent tasks were performed first, then length-neutral tasks, and finally length-inconsistent tasks. In each type of tasks, the tasks of two pairs of acute angles were conducted first, then the tasks of two pairs of obtuse angles, and finally the tasks of two pairs of one acute angle vs. one obtuse angle. In the post-test, only length-inconsistent task was used because children showed perfect or near-perfect performance on length-consistent and length-neutral tasks in the pre-test (see section “Results” for details). The training session was conducted 3 days after the end of the pre-test, and the post-test was conducted 3 days after the training.



RESULTS

In terms of the pre-test results, a 3 (age: young, middle, old) × 2 (gender: boy, girl) × 3 (type: length-consistent, length-neutral, length-inconsistent) mixed-design analysis of variance (ANOVA) revealed a significant main effect of type of task, F(1.10, 243.25) = 6,322.87, p < 0.001, ηp2 = 0.97, reflecting children’s better performance at length-consistent tasks and length-neutral tasks than length-inconsistent tasks (see Figure 2 and Table 1). Children’s performance on the former two tasks was near perfect and that on the third task was near zero. In other words, all children had a general sense of the geometric shape of an angle but few were able to separate the dimensions of angle size from the overall size of the angle figure. A significant main effect of age, F(2, 222) = 4.42, p < 0.05, ηp2 = 0.04, and a significant Age × Type interaction effect, F(2.19, 243.25) = 3.07, p < 0.05, ηp2 = 0.03, were found, reflecting older preschoolers’ better performance on the difficult length-inconsistent task than middle and young preschoolers. There was no significant main effect of gender, F(1, 222) = 0.21, p = 0.65, ηp2 = 0.001, nor was there significant interaction effect of Age × Gender × Type, F(2.19, 243.25) = 0.69, p = 0.52, ηp2 = 0.01.
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FIGURE 2. Mean pre-test performance by age group and task type.


Given the results of the pre-test (near perfect scores on the length-consistent and length-neutral tasks), only the length-inconsistent task was administered at the post-test. Because the pre-test scores of all children on the length-inconsistent task were 0 points (as an inclusion criterion for the intervention part of the study), we only used the post-test scores as the dependent variable to examine the effect of the intervention. A 3 (age: young, middle, old) × 2 (gender: boy, girl) × 3 (condition: toma, angle/angle size, and control) ANOVA revealed a significant main effect of condition, F(2, 150) = 19.25, p < 0.001, ηp2 = 0.20 (see Figure 3). The “toma” group performed significantly better than the other two groups, and the latter two groups did not differ from each other. A more detailed presentation of the condition effect is shown in Figure 4. More children in the “toma” group scored 5 or 6 points than did those in the other two conditions. In contrast, more children in the control and the angle/angle size groups scored 0 or 1 point than did those in the “toma” group. There was a main effect of age, F(2, 150) = 13.60, p < 0.001, ηp2 = 0.15, with young preschoolers showing poorer performance than middle and old preschoolers, and the latter two groups not differing from each other. There was not a main effect of gender, F(1, 150) = 4.02, p = 0.05, ηp2 = 0.03. Finally, there were no significant interactions between condition and age, F(4, 159) = 2.39, p = 0.09, ηp2 = 0.05, between condition and gender, F(2, 150) = 0.92, p = 0.40, ηp2 = 0.01, and among condition, age, and gender, F(4, 150) = 1.24, p = 0.30, ηp2 = 0.03.


[image: image]

FIGURE 3. Mean post-test performance on length-inconsistent tasks by condition and age group.
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FIGURE 4. Distribution of children’s post-test scores on the length-inconsistent task by condition.




DISCUSSION

The current study investigated the effectiveness of two interventions on Chinese preschoolers’ understanding of the concept of angle. Results showed that the novel term (toma) intervention based on Gibson et al. (2015) was effective but the “angle/angle size” intervention that is commonly used by Chinese teachers in the classroom was not, suggesting that children’s learning of the concept of angle can be facilitated by two completely different labels (e.g., with a new term), but not by two separate but related labels, for angle and angle size. We further found that Chinese preschoolers showed the same error pattern as their Western partners, but weaker performance on the understanding of angle concept; that gender did not affect the development of the concept of angle and the intervention effect; and that the intervention was equally effective across the age groups included in this study. In the following paragraphs, we compare our results on Chinese children to Gibson et al.’s results on American children and discuss their contributions to our understanding of children’s concepts of angle and angle size and their implications for preschool mathematics education.

First, our pre-test results revealed that Chinese preschoolers showed the same angle misconception and error pattern as American children did (Gibson et al., 2015). Chinese 3–6 year old children showed perfect or near-perfect performance on the length-consistent (mean proportion correct = 100%) and length-neutral tasks (mean proportion correct = 99%) but they almost completely failed on the length-inconsistent tasks (mean proportion correct = 3%, ranging from 0% for young preschoolers to 2% for middle schoolers and to 8% for old preschoolers). Gibson et al. (2015) also found that the length-consistent and length-neutral tasks were easier than the length-inconsistent task, but the accuracy rates were quite different from those found in the current study. The mean proportions of correct responses were 93, 84, and 25% for the three types of tasks, respectively, among their sample of American 4–5 year olds (corresponding to the middle group in our sample). Not surprisingly, in both countries, children seem to have a general sense of the angle figure as an object and can judge its size by one or more of its dimensions (angle size, angle side length, or area), but have difficulty understanding angle size as a separate dimension from the angle figure, as shown in poorer performance when the length of the sides and angle size were inconsistent. This pattern of results is consistent with Van Hiele’s model of the development of geometric reasoning. According to that model, young children use a holistic processing approach to understanding angles and do not focus on separate dimensions such as angle size and side length. It is worth noting that our study did not find gender differences in Chinese preschooler’s angle misconception, which is consistent with some of the previous studies about children’s spatial reasoning (e.g., Spelke et al., 2011), but not others (Spelke, 2005; Davies and Uttal, 2007; Halpern et al., 2007; Tzuriel and Egozi, 2010; Tian et al., 2018). Future research needs to investigate the conditions under which gender differences in children’s geometry cognition and spatial reasoning occur.

Despite the same pattern of task type differences in Gibson et al. (2015) and our studies, the children in our study appeared to perform somewhat better on the length-consistent and length-neutral tasks but much worse on the length-inconsistent tasks as compared to American children in Gibson et al.’s study. Chinese children even younger than the American preschoolers (the young preschooler group in our study) had no difficulty with the length-consistent and neutral tasks. In contrast, Chinese children even older than American preschoolers (the old preschooler group in our study) performed poorly on the length-inconsistent task. In other words, Chinese children’s poorer performance on the length-inconsistent task cannot be attributed to their general sense (or holistic processing) of angle figures. What then would explain their poorer understanding of the concept of angle? Although it is perilous to compare results from different studies, one plausible explanation is that the preschool and kindergarten education guidelines in China emphasize knowledge about numbers, not geometry. The latter is limited to shape naming, recognition, matching, classification, and composition (Department of Basic Education of Ministry of Education of P. R. China. (Ed.)., 2002). Consequently, Chinese parents also pay more attention to mathematics instruction about number cognition such as counting, solving arithmetic problems, and magnitude comparison than to that about geometry (Pan et al., 2006; Zhou et al., 2006, 2007). In contrast, NCTM (1991, 2006) in the United States emphasizes that geometry and spatial reasoning is an important area of mathematic learning for early childhood. Izard and Spelke (2009) and Izard et al. (2014) even found that American 4 year old children were capable of comparing angles across two- and three-dimensional figures. Therefore, cross-country differences in early education practices might have contributed to Chinese preschoolers’ better performance on number cognition as reported in the literature (e.g., Kelly et al., 1999; Zhou et al., 2007; Siegler and Mu, 2008; Xu et al., 2013) but weaker performance on the concept of angle found in this study and possibly other geometric knowledge beyond shape cognition.

Second, our study confirmed that the “toma” intervention was effective among Chinese children as it did for American children. Furthermore, it was equally effective for young, middle, and old preschoolers (as shown by the non-significant interaction between age group and condition). This result is consistent with the whole-object assumption about word-learning bias and the mutual exclusivity bias. According to the whole-object assumption, children tend to interpret a novel term as a label for the whole object and not its parts or properties (e.g., Markman and Hutchinson, 1984; Landau et al., 1988; Hollich et al., 2007). After learning a label for an object, children would have to understand that another label means something else due to the mutual exclusivity bias (Markman and Wachtel, 1988). Specifically, when children learn that “toma” represents the whole angle figure, they would not map “angle” onto the overall angle figure but instead onto a new property, which in the current case is the measure of rotation of an angle. In sum, a novel label helps children to separate the size of an angle from the overall angle figure.

Third, to investigate whether the mere use of two separate labels that refer to the whole figure of an angle and the size of an angle, respectively, would help children overcome the misconception of angle size, we used “angle (jiao)” and “angle size (jiaodu)” in the other experiment condition. These two terms are commonly used by elementary and middle school teachers in China. Results showed that this condition did not improve the learning of the concept of angle. One explanation is that “angle (jiao)” and “angle size (jiaodu)” are synonyms in Chinese vocabulary, so the separate label “angle” is not a novel enough word for Chinese preschoolers to be used to refer to the whole figure of an angle. In other words, the close proximity of the two words and/or the lack of novelty of the new word might have prevented children from separating the whole figure of an angle from the size of an angle.

Our results have important implications for preschool education. Our results suggest that using a novel term as a second label is very effective for teaching young children about angles by helping them attend to angle size as an independent dimension of the overall figure. This recommendation seems to counter the traditional practice of introducing one concept at a time used by Chinese preschool teachers and the common use of angle and angle size distinction by elementary and middle school teachers. Our findings suggest that children can gain a more accurate understanding of a concept by comparing easily confusable meanings with new terms, consistent with the thinking that analogy and structural alignment are powerful learning tools (e.g., Gentner and Markman, 1994, 1997). If Chinese teachers do not want to introduce a novel term and would rather continue using angle and angle size, they should consider using enriching or contextual information to help differentiate the two terms. For example, they can explain that “This is an angle, like a pair of scissors” rather than simply using the ostensive definition (e.g., “This is an angle”). Indeed, previous research has found that different introductory cues produce different learning outcomes (Hall et al., 1993; Congdon et al., 2018).

Finally, we note several limitations of the current study and discuss their implications for future research. First, our pre-test results seemed to show significant differences between Chinese and American preschoolers in their understanding of the concept of angle, but the conclusion needs to be substantiated with a cross-national study using exactly the same experimental and sampling procedure. Second, although we expanded Gibson et al.’s (2015) age range, our study still focused on preschoolers. Given the importance of learning the concept of angle in elementary school, future research should include elementary school students to examine the effectiveness the “toma” intervention and the “angle/angle size” intervention. Perhaps elementary school students may have a better appreciation of the distinction between angle and angle size to benefit from that intervention. Third, as mentioned earlier, our control condition used angle size (jiaodu) to label both angle and angle size. We could have used jiao to represent both. Even though the clearer label of jiaodu did not help children learn the concept of angle, future research nevertheless should consider including an additional control condition using jiao to refer to both the overall figure and angle size. Finally, although we did not find gender differences in this study, future studies, especially those with older children, can also explore demographic and individual differences (such as gender and cognitive abilities) in the effects of interventions.
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