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U.S. and Taiwanese Pre-service Teachers' Geometry Knowledge and Thinking  

Abstract  

This study investigated and compared the geometry knowledge and levels of pre-service 

elementary teachers from the United States and Taiwan. Forty pre-service teachers in Taiwan 

and 48 pre-service teachers in the United States at the beginning of their teacher education 

programs completed the Entering Geometry Test (EGT) and the van Hiele Geometry Test 

(VHGT) developed by Usiskin (1982). The data gathered through these two tests was analysed to 

determine if there were any significant differences in the geometric knowledge and van Hiele 

levels between the American and Taiwanese pre-service elementary teachers. The findings 

indicated that Taiwanese pre-service elementary teachers had significantly higher mean scores 

on the EGT and achieved higher van Hiele levels than their U.S. counterparts. Possible factors 

that contribute to these differences as well as the implications are discussed in the paper.  
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Introduction 

A number of investigations in teachers' knowledge, such as content knowledge (Hill, 

Schilling, & Ball, 2004), pedagogical content knowledge (Borko, Eisenhart, Brown, Underhill, 

Jones, & Agard, 1992), and curricular knowledge (Lloyd, 1999; Remillard & Bryans, 2004), 

have been conducted since Shulman’s (1986) seminal work on teacher knowledge in the 1980s. 

In addition, some researchers have compared different types of knowledge, such as the similarity 

and difference between the content knowledge and pedagogical content knowledge (Ma, 1999) 

or among multiple types of knowledge such as specialized content knowledge, knowledge of 

content and students, knowledge of content and curriculum (Li & Kulm, 2008). Research 

findings demonstrate that knowledge and attitude of teachers are positively related to the 

achievement of their students (Hill et al., 2004) and this has led to a growing recognition of the 

need for more research studies on teacher knowledge. However, the majority of the prior studies 

have focused on number concepts (Ball, 1990; Post, Harel, Behr, & Lesh, 1991), and studies 

regarding geometry are limited. Geometry is considered an important mathematical topic 

because it is used widely both in real life and the virtual world. Its role in the elementary 

classroom has increased significantly since the release of the Common Core State Standards for 

Mathematics (Common Core State Standards Initiative, 2010). Adopted by the majority of the 

states in U.S. and scheduled to be fully implemented and assessed in 2014-2015, the Common 

Core State Standards calls for a rigorous and coherent mathematics curriculum that has 

geometry, measurement, numbers, and operations as the four pillars at the elementary school 

level. Therefore, the study of teachers' knowledge in geometry is urgently needed to fill the gap.  

In the research of student cross-cultural mathematical performance, studies have reported 

the superior, on average, student performance in Asia than in North America. For example, the 
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top five high-achieving countries at the eighth grade level are all in Asia: Chinese Taipei 

(Taiwan), Korea, Singapore, Hong Kong SAR, and Japan, in order based on the results of the 

Trends in International Mathematics and Science Study (TIMSS) 2007 (Mullis, Martin, & Foy, 

2008). International comparison studies have begun to identify factors that may contribute to 

these performance differences. For example, studies have found that mathematics curricula from 

top-performing countries are more rigorous and cohesive than those from the U.S. (Schmidt et 

al., 2001; Schmidt, Wang, McKnight & Curtis, 2005). Luo, Lo, and Leu (2011) found significant 

difference between U.S. and Taiwanese pre-service teachers’ fraction knowledge, which they 

believed to be another important factor in the gap between the mathematical performance of 

elementary students from these two countries. More studies are needed to compare pre-service 

teachers’ knowledge between different countries in order to gain insights into ways to strengthen 

teachers’ knowledge in mathematics that can benefit both teachers and students. This study 

focuses on pre-service elementary teachers' geometry knowledge and van Hiele levels in Taiwan 

and the United States. The goal is to identify the strength and the weakness of each sample, 

which may be addressed through different teacher education programs in these two countries.  

Theoretical Framework  

Two theoretical constructs guided this study—Ma’s (1999) depiction of Profound 

Understanding of Fundamental Mathematics (PUFM) and the van Hiele level theory. PUFM 

provides the ideal structure of elementary teachers' content knowledge in general. The van Hiele 

level theory, developed in the late 1950s by two Dutch educators, Pierre van Hiele and Dina van 

Hiele-Geldof, describes the levels of mental development in geometry (van Hiele, 1986). 

Overall, PUFM, cited by over 800 papers in the database of Google Scholar, has been regarded 

as the comprehensive and significant ability of elementary teachers in teaching mathematics in 
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contemporary society, whereas the van Hiele level theory has been used to study student 

performances of learning geometry (Senk, 1989) and pre-service teachers' reasoning stages 

(Halat, 2008).  

A Perspective on Teachers' Content Knowledge: PUFM  

Ma (1999) developed PUFM as a deep, thorough, and comprehensive understanding of 

elementary mathematics. PUFM includes the following characteristics: ―[I]t [PUFM] is the 

awareness of the conceptual structure and basic attitudes of mathematics inherent in elementary 

mathematics and the ability to provide a foundation for that conceptual structure and instill those 

basic attitudes in students‖ (p. 124). Teachers with PUFM tend to focus on both mathematical 

concepts and procedures; cherish multiple viewpoints, as well as various approaches when 

solving a mathematical problem; strengthen simple but crucial basic principles, such as 

recognizing properties of two dimensional shapes; and possess great capacities for incorporating 

previous concepts that students have already learned with brand-new concepts along with those 

to be studied later (Ma, 1999). Ma's study demonstrated that mathematics teachers with PUFM 

make greater contributions to their teaching than those who do not have PUFM. Moreover, 

PUFM strongly links to what Skemp (1978) portrayed as the relational understanding—

―knowing both what to do and why‖ (p. 9)—and clearly explains why a great number of teachers 

have capacities to solve mathematical problems but could not appropriately offer the right 

interpretations regarding their solutions (Post et al., 1991).  

A Perspective on Levels of Geometric Thinking: The van Hiele Levels  

Hoffer (1981) provides an overall description in regard to the five van Hiele levels: Level 

1 is Recognition and ―[t]he student learns some vocabulary and recognizes a shape as a whole‖ 

(p. 13); Level 2 is Analysis and ―[t]he student analyzes properties of figures‖ (p. 14); Level 3 is 
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Ordering and ―[t]he student logically orders figures and understands interrelationships between 

figures and the importance of accurate definitions‖ (p. 14); Level 4 is Deduction and ―[t]he 

student understands the significance of deduction and the role of postulates, theorems, and 

proof‖ (p. 14); Level 5 is Rigor and ―[t]he student understands the importance of precision in 

dealing with foundations and interrelationships between structures‖ (p. 14). To illustrate what is 

involved in each level, consider Level 1 as an example. Students at this level have the ability to 

recognize pictures of rectangles. However, students do not seem to have awareness of several 

properties of rectangles (Hoffer, 1981).  

According to the model, three characteristics exist among a five-level hierarchy of ways 

of understanding in geometry—one is the existence of levels, another is properties of the levels, 

and, finally, there is the movement from one level to the next (Usiskin, 1982). Furthermore, the 

levels are in order and the progression through the levels is sequential. That is, students move 

through one level if they obtain accurate geometric thinking for the level and produce the 

thought that is necessary for the next level (Hoffer, 1981).  

Hill et al. (2004) demonstrate that teachers' knowledge is positively related to the 

achievements of their students. To be able to teach geometry effectively to elementary school 

students, teachers need to develop PUFM that is specific to the geometry learning. They need to 

understand the conceptual structure of elementary geometry topics.  It is unlikely that pre-service 

teachers will be able to develop the full PUFM in geometry as part of their teacher education 

program. The knowledge of both Taiwanese and U.S. pre-service teachers’ geometry 

achievement and van Hiele levels may inform the design of the geometry courses for pre-service 

teachers that will serve as the basis of their PUFM development.  

Research Questions 
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This study compares and examines U.S. and Taiwanese pre-service elementary teachers' 

content knowledge in geometry and their levels of geometric thinking. In particular, the 

following primary questions are explored in this study:  

1. Are there significant differences when comparing geometry knowledge between pre-

service elementary teachers in the United States and Taiwan based on their 

performance on the Entering Geometry Test? 

2. Are there significant differences when comparing the van Hiele levels of pre-service 

elementary teachers in the United States and Taiwan? 

3. Is there any relationship between geometry knowledge and the van Hiele levels of 

pre-service elementary teachers as a whole or separately by their country of origin?  

Methodology  

Study Design  

A quantitative study design was selected since the purpose of this study concerns pre-

service elementary teachers' knowledge and their levels of geometric thinking. In the quantitative 

design, responses to the multiple-choice geometry test items are the data sources. The multiple-

choice test items are coded by Usiskin’s (1982) grading system, which allows the researchers to 

easily classify the participants’ responses into different levels.  

Sample Population  

Data were collected from undergraduate students in the teacher preparation programs in 

the United States and Taiwan. Participants were selected from a Midwestern university in the 

U.S. and a university from central Taiwan. There were 40 pre-service teachers from Taiwan and 

48 from the U.S.  
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All Taiwanese participants were enrolled at a 4-year public university in central Taiwan. 

The sample consisted of 40 pre-service teachers who were being prepared for teaching at the K-6 

level. Thirty female (75%) and 10 male (25%) pre-service teachers participated in this study. 

Prior to taking this mathematics methods class, 77.5% of the participants completed their last 

mathematics course less than 1 year ago, 10% of the participants completed their last 

mathematics course 2-3 years ago, and none of them completed their last mathematics course 

over 10 years ago. In addition, 80% of the participants had their last mathematics course in high 

school, and approximately 5% of the participants had their last mathematics course in 4-year 

colleges or universities. 

Forty-eight U.S. pre-service teachers were drawn from a Midwestern 4-year public 

university. Similar to the Taiwanese participants, 80% were female and 20% were male. Prior to 

taking this mathematics methods class, 42.5% of the participants completed their last 

mathematics course less than 1 year ago, 36% completed their last mathematics course 2-3 years 

ago, and 8% completed their last mathematics course over 10 years ago. In addition, 46.8% of 

the participants had their last mathematics course in high school, 17% had their last mathematics 

course in a community college, and approximately 32% had their last mathematics course in 4-

year colleges or universities.  

Instruments  

In this study, the instruments used to measure pre-service elementary teachers' 

knowledge and their levels of geometric thinking include the Entering Geometry Test (EGT) and 

the van Hiele Geometry Test (VHGT). They were given to future teachers during the first 2 

weeks of the teacher preparation courses in a single class period. Both the EGT and VHGT were 

developed by Usiskin in 1982 as part of the Cognitive Development and Achievement in 
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Secondary School Geometry (CDASSG) Project at the University of Chicago. The EGT and 

VHGT were used in this study to investigate not only pre-service teachers’ geometry 

achievement but also their geometry thinking level. Although there are many content tests that 

measure what students know, there are much fewer tests available that measure what students 

understand in geometry. While considering geometric hierarchical levels like van Hiele levels, 

the assessment tools developed by Usiskin, continue to be most appropriate. In addition, these 

assessment tools for geometry cover both geometry achievement and van Hiele Levels. 

The EGT contains 20 multiple-choice test items covering standard geometry content that 

is represented in most junior high school texts and curricula. It was translated by one of the 

authors into Chinese—the official written language in Taiwan. The EGT was administered to the 

pre-service teachers in order to determine their content knowledge in geometry. The number of 

items answered correctly within an allotted 25-minute period determines pre-service teachers’ 

scores of content knowledge in geometry. The VHGT contains 25 multiple-choice geometry test 

items with five questions at each level, progressively presented from the lower to higher levels. 

The Chinese version of the VHGT was translated by Wu (Wu & Ma, 2006). Pre-service 

teachers’ van Hiele levels of geometric thinking are determined by their performance on the 

VHGT. This 35-minute VHGT focuses not only on content knowledge of geometry but also on 

the sophistication levels of geometric thought including proof. Test items 1-5 belong to Level 1, 

test items 6-10 correspond to Level 2, test items 11-15 belong to Level 3, test items 16-20 match 

Level 4, and test items 21-25 go with Level 5, based on the VHGT’s Corresponding Reference 

Quotes in Usiskin’s (1982) study.  

Criteria for Determining van Hiele Levels 

In the VHGT, each level has five questions. Based on the number of correct answers to 
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the VHGT, we determined a pre-service teacher’s van Hiele level by following the general 

criteria developed by Usiskin (1982). If a pre-service teacher correctly answers three, four, or 

five questions at the first level, he or she has reached the first level. If a pre-service teacher (a) 

responds correctly to three questions or more from the second level; (b) meets the criteria of the 

first level; and (c) does not correctly answer three or more questions from levels 3, 4, and 5, his 

or her geometric understanding is classified as being at the second level. Theoretically, it is 

unlikely that an individual violates the hierarchical sequence. In practice, however, an individual 

may be found progressing to a higher van Hiele level without achieving proceeding levels. Thus, 

he or she cannot be placed at any level based on the criteria above. In this study, we labelled this 

type of pre-service teacher as ―transition,‖ which means a transition between levels as suggested 

by previous researchers (Burger & Shaughnessy, 1986; Fuys, Geddes, & Tischler, 1988; 

Gutierrez, Jaime, & Fortuny, 1991).  

Results  

This section, which summarizes the main results of this study, is organized around the 

three primary research questions.  

Performance on Entering Geometry Test (EGT) 

Table 1 reports the results of descriptive statistics and independent t tests for both groups 

on the Entering Geometry Test (EGT). The data indicate that the Taiwanese group obtained a 

higher mean score than the U.S. group, and there is a statistically significant difference between 

the two groups at the .001 level. This implies that the pre-service teachers in Taiwan had a better 

understanding of geometry than the pre-service teachers in the U.S. at the beginning of their 

teacher education programs. 

[Insert Table 1 about here] 
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To further understand the nature of the differences in geometry knowledge, we have 

compared the performance differences for each item between the Taiwanese and U.S. groups. 

For each item, a positive score was obtained by subtracting the U.S. group score from the 

Taiwanese group score. Table 2 lists the five EGT items with the largest percentage differences 

in the correct responses between the two groups. First, solving all the problems in Table 2 

requires comprehension of the targeted concepts. In addition, finding a solution to items #13 and 

#20 requires comprehending and using more advanced concepts, including the area formula for 

triangles and the Pythagorean Theorem.  

[Insert Table 2 about here] 

Table 3 lists the five EGT items with the smallest percentage differences between the 

Taiwanese and U.S. groups. Generally speaking, items 9, 11, and 4 can be answered simply by 

recalling and memorizing the basic properties and definitions of common shapes, while items 14 

and 16 must be answered by comprehending the concepts of parallelism and similarity. 

Furthermore, the problems in Table 2 are more complex than those in Table 3. In general, in 

EGT, the Taiwanese pre-service teachers outperformed their U.S. counterparts while 

encountering more complex problems.  

 [Insert Table 3 about here] 

Performance on the van Hiele Geometry Test (VHGT) 

The results of a chi-square test (F = 26.018, p = .000 < .001) show a significant 

difference in the van Hiele levels of geometric thinking between the U.S. and Taiwanese pre-

service teachers overall. Table 4 summarizes the results of percentages and numbers in van 

Hiele's geometry levels for the pre-service teachers in both groups. Data show that 77.5% of pre-

service teachers in Taiwan achieved the third van Hiele level or above. On the other hand, only 
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27% of pre-service teachers in the U.S. were at the third level or above. Therefore, it is 

reasonable to claim that more Taiwanese pre-service teachers achieved higher van Hiele levels of 

geometric thinking than their U.S. counterparts. Table 4 also shows that 19.3% (17 of 88) of pre-

service teachers were placed in the category of ―transition.‖ The U.S. group with 29.1% (14 of 

48) of pre-service teachers contributed more significantly to this category than the Taiwanese 

group with 7.5% (3 of 40) pre-service teachers. However, contrary to the Entering Geometry 

Test (EGT), not every item was found to have a positive difference when subtracting the U.S. 

group score from the Taiwanese group score. Thus, Taiwanese pre-service teachers did not 

overwhelmingly outperform their U.S. counterparts in VHGT as in EGT. 

[Insert Table 4 about here] 

Tables 5 and 6 include the items that show the largest and smallest percentage differences 

between the Taiwanese and U.S. pre-service teachers’ performance at each van Hiele level. The 

negative percentage indicates that the Taiwanese pre-service teachers did not perform as well as 

their U.S. counterparts. Generally speaking, except at Level 5, the item in Table 6 at each level is 

less complex than the corresponding item in Table 5. For example, at Level 1, the three choices 

of rectangles in Item 3 are all familiar shapes, while two choices, V and X, out of the given four 

in Item 2, contain visual distractions that increase the difficulty. It appears that pre-service 

teachers from both countries performed equally well on items with less complexity with respect 

to the other items at the same level, but Taiwanese pre-service teachers performed better on 

items with more complexity.  

[Insert Tables 5 & 6 about here] 

Although more Taiwanese pre-service teachers achieved the third van Hiele level or 

above, they did not outperform their U.S. counterparts on several VHGT items at these levels, 
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according to the findings obtained by comparing correctness percentages for each item. There 

were five items on which the U.S. group outperformed the Taiwan group. Table 7 includes the 

other VHGT items, in addition to items 11 and 22 already included in Table 6. Taiwanese 

teachers scored below their U.S. counterparts on items 21, 24, and 22, the problems of the fifth 

van Hiele level. Compared to the other EGT and VHGT problems, these three items are less 

relevant to the school geometry that students are familiar with. For example, the statement 

―every line contains exactly two points‖ (see Table 7) described in the item 21 is different from 

the Euclidean geometry taught in school in which a line contains infinite points. The better 

performance of U.S. pre-service teachers on a significant number of items at Level 5 contributes 

to the high number of the ―transition‖ category for the U.S. group.  

Relationship between Performance on Entering Geometry Test (EGT) and van Hiele Geometry 

Test (VHGT) 

The correlation coefficient (r = –.173) between the EGT and VHGT scores for the 

Taiwanese pre-service teachers is not significant (p > .001). This result indicates that Taiwanese 

pre-service teachers’ EGT scores are not significantly associated with their VHGT scores. The 

correlation coefficient (r = .386) between the EGT and VHGT scores for the U.S. pre-service 

teachers is significant (p < .001). This result suggests a weak positive relationship between the 

EGT and VHGT scores for the U.S. group. 

Discussion and Recommendations  

Consistency with Previous Cross-National Studies between Taiwan and the U.S. 

The overall results of this study are consistent with previous research (Luo, Lo, & Leu, 

2011) that indicates Taiwanese pre-service elementary teachers outperformed their U.S. 

counterparts in the preparation of their content knowledge and thinking levels on elementary 
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mathematics topics. The van Hiele level achieved by U.S. pre-service elementary teachers, 

according to the van Hiele Geometry Test (VHGT), skewed to the lower level side, as compared 

with their Taiwanese counterparts. Therefore, U.S. pre-service elementary teachers must increase 

their geometric content knowledge and thinking levels to equal the preparation level of their 

Taiwanese counterparts. 

The findings from this study replicates the wide gap of student achievement identified by 

two recent large-scale international studies—Trends in International Mathematics and Science 

Study (TIMSS) 2007 (Mullis et al., 2008) and Programme for International Student Assessment 

(PISA) 2006 (Baldi, Jin, Skemer, Green, & Herget, 2007). According to the TIMSS and PISA 

studies, Taiwanese students have attained a much higher level of mathematics achievement than 

their U.S. counterparts as demonstrated in a national representative sample of 4
th

 graders, 8
th

 

graders, and 15-year-olds. Of interest for future research is to explore whether a positive 

relationship between teachers’ mathematical content knowledge or thinking levels and student 

achievement exists in other countries, in addition to the U.S. and Taiwan. 

 After reviewing the previous research reported by Knight (2006), it is not surprising that 

the van Hiele thinking levels achieved by the majority of the U.S. pre-service elementary 

teachers in this study were at or below Level 3 (Ordering). Only 4.2% of the U.S. pre-service 

elementary teachers were able to achieve Level 4 (Deduction), and none were able to achieve 

Level 5 (Rigor). One possible explanation for this result is that the rigorous level of secondary 

geometry curricula presented to U.S. pre-service teachers is insufficient.  If the highest level of 

geometric thinking is not an expectation for U.S. secondary school students, less understanding 

of the higher levels of geometric thinking may be demonstrated by U.S. pre-service elementary 

and secondary teachers, as well as the students. Further investigation must be undertaken to 

http://www.google.com/url?sa=t&source=web&cd=1&sqi=2&ved=0CBgQFjAA&url=http%3A%2F%2Fnces.ed.gov%2Ftimss%2F&ei=t9GbTLKLD4rksQPCh6mfCQ&usg=AFQjCNHEo4TprYWl-7nhCnPMYILRW662SQ&sig2=SLHQ0vRYBNfZP6aLyo9fvg
http://www.google.com/url?sa=t&source=web&cd=1&sqi=2&ved=0CBgQFjAA&url=http%3A%2F%2Fnces.ed.gov%2Ftimss%2F&ei=t9GbTLKLD4rksQPCh6mfCQ&usg=AFQjCNHEo4TprYWl-7nhCnPMYILRW662SQ&sig2=SLHQ0vRYBNfZP6aLyo9fvg
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confirm whether the gap between the two groups resulted, in part, from the differences in their 

respective secondary school curricula.  

Despite the importance of teachers’ mathematical content knowledge, the van Hiele level 

that elementary teachers should achieve to deliver sufficient quality of geometric teaching 

remains unknown. Based on national standards from both countries (Ministry of Education, 

1998; NCTM, 2000), the ceiling level in elementary school mathematics curricula is Level 3 

(Ordering). Should Level 3 remain the expected level for pre-service elementary teachers as 

well? Further justification regarding the satisfactory level of achievement for pre-service 

elementary teachers must be determined before deciding the direction of implementation in 

teacher preparation. 

Different Natures among Geometry Tests  

Although the positive relationship between the Entering Geometry Test (EGT) and the 

van Hiele Geometry Test (VHGT) scores was found in the U.S. group, this relationship is weak. 

The Taiwanese pre-service teachers’ EGT scores are not even associated with their VHGT 

scores. This suggests that individuals’ achievement in standard geometry knowledge is not a 

strong indicator of their van Hiele levels of geometric thinking. Perhaps this is because an 

individual’s geometric knowledge might be multidimensional in nature and should not be 

measured by a single tool. For example, in addition to using EGT and VHGT to measure 

individual geometric knowledge, the proof writing test developed from the CDASSG project at 

the period could be adopted. 

Generally speaking, the EGT can be a better measure of an individual’s school 

achievement in mathematics than the VHGT since its items seem more related to the school 

mathematics curriculum. According to the results, on the EGT, Taiwanese pre-service teachers 
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had better overall performance than their U.S. counterparts and outperformed them on more 

complicated problems. On the other hand, on the VHGT, Taiwanese pre-service teachers 

outperformed their U.S. counterparts overall, but not on all items. Unlike the EGT, which is a 

school mathematics-based test, most VHGT items at the third level or beyond are answered with 

appropriate logical reasoning and justifications, which are not typically taught in the school. The 

different natures of the EGT and VHGT might explain why Taiwanese pre-service teachers, who 

have been recognized for higher school mathematics achievement in previous research as well as 

for better overall EGT and VHGT performances in this study, did not outperform their U.S 

counterparts in some logical-based VHGT problems that are less relevant or irrelevant to school 

mathematics. Future research could investigate whether Taiwanese pre-service teachers differ 

from their U.S. counterparts when encountering unfamiliar mathematics contexts.  

Limitations 

Although this study contributes to a better understanding about what specific 

improvements are needed by teacher educators in both countries, the findings of the study cannot 

necessarily be generalized to other pre-service teachers in these two countries or to their 

understanding in other content areas. To generalize and confirm the significance of the current 

findings, the scale of the sample size should be expanded in the future. To determine pre-service 

teachers’ or students’ mathematical understanding level in other content areas, future researchers 

will need to identify theoretical hierarchies and develop measurement instruments with respect to 

each content area. Once additional measurement tools in various content areas have been 

developed, similarities between the present findings and those resulting from other content area 

studies can be evaluated.  
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Table 1. Descriptive Statistics and Independent t Test Results for Entering Geometry Test (EGT) 

 

Group n Mean SD t p 

Taiwan 40 19.26 1.525 5.491 .000 

U.S. 48 16.02 3.691   
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Table 2. Five Entering Geometry Test (EGT) Items with the Largest % Differences between the 

Taiwanese and U.S. Groups   

 

Item Statement TW minus U.S.  

13. The area of the triangle shown is 

52.27% (a) 36 sq cm   (b) 54 sq cm   (c) 72 sq cm 

(d) 108 sq cm   (e) 1620 sq cm 

 
17. The plane figure produced by drawing all points exactly 6 inches 

from a given point is a 

(a) circle with a diameter of 6 inches  

(b) square with a side of 6 inches  

(c) sphere with a diameter of 6 inches  

(d) cylinder 6 inches high and 6 inches wide  

(e) circle with a radius of 6 inches  

50.09% 

20. Angle C is a right angle. The length of side 𝐴𝐵 is 

43.52% 

(a) 8 cm   (b) 14 cm   (c) 10 cm 

(d) 12 cm  (e) 18 cm  

 
1. Perpendicular lines 

(a) intersect to form four right angles 

(b) intersect to form two acute and two obtuse angles  

(c) do not intersect at all 

(d) intersect to form four acute angles  

(e) none of the above 

41.40% 

5. At the right, A, B, C lie on a straight line. The measure of angle ABC is 

41.35% 
(a) 120𝑜   (b) 60𝑜   (c) 80𝑜 

(d) 240𝑜   (e) need more information 
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Table 3. Five Entering Geometry Test (EGT) Items with the Smallest Percentage Differences 

between the Taiwanese and U.S. Groups   

 

Item Statement TW minus U.S. 

9. The measure of a right angle is  

(a) less than 90𝑜    (b) between 90𝑜 and 180𝑜  

(c) 45𝑜   (d) 90𝑜   (e) 180𝑜  

4.35% 

14. ABCD is a parallelogram. The measure of angle C is  

4.44% 
(a) 40𝑜   (b) 130𝑜   (c) 140𝑜 

(d) 50𝑜   (e) need more information 

 
11. An equilateral triangle has  

(a) all three sides the same length   (b) one obtuse angle   

(c) two angles having the same measure and the third a different 

measure 

(d) all three sides of different lengths   (e) all three angles of different 

measures 

6.52% 

4. The measure of an obtuse angle is 

(a) 90𝑜  (b) between 45𝑜 and 90𝑜  (c) less than 90𝑜 

(d) between 90𝑜 and 180𝑜   (e) more than 180𝑜  

6.98% 

16. Triangle ABC is similar to triangle DEF. The measure of 𝐴𝐵 is 

(a) 10 in   (b) 11 in   (c) 12 in   (d) 13 in   (e) 15 in 

 

8.70% 
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Table 4. The Results of Percentages and Numbers for Both Taiwanese and U.S Groups at Each 

van Hiele Level 

 
  1 2 3 4 5 T* Total 

Taiwan 
Percent 0% 15.0% 50.0% 20.0% 7.5% 7.5% 100% 

Number 0 6 20 8 3 3 40 

U.S. 
Percent 14.6% 29.2% 22.9% 4.2% 0.0% 29.2%  100% 

Number 7 14 11 2 0 14 (48) 

Total 
Percent 8.0% 22.7% 35.2% 11.4% 3.4% 19.3% 100% 

Number 7 20 31 10 3 17 88 

*Transition
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Table 5. The Largest Percentage Difference between the Taiwanese and U.S. Groups for van 

Hiele Geometry Test (VHGT) at Each Level 

Level Item Statement TW minus U.S. 

I 

2. 2. Which of these are triangles? 

 
(A) None of these are triangles. 

(B) V only 

(C) W only 

(D) W and X only  

(E) V and W only 

37.5% 

II 

6. PQRS is a square.  

Which relationship is true in all squares? 

(A) 𝑃𝑅 and 𝑅𝑆 have the same length.  

(B) 𝑄𝑆 and 𝑃𝑅 are perpendicular. 

(C) 𝑃𝑆 and 𝑄𝑅 are perpendicular.  

(D) 𝑃𝑆 and 𝑄𝑆 have the same length.  

(E) Angle Q is larger than angle R. 
 

60.5% 

III 

15. What do all rectangles have that some parallelograms do not have? 

(A) opposite sides equal   (B) diagonals equal    

(C) opposite sides parallel   (D) opposite angles equal  

(E) none of (A) – (D) 

52.50% 

IV 

18. Here are two statements.  

I: If a figure is a rectangle, then its diagonals bisect each other.  

II. If the diagonals of a figure bisect each other, the figure is a 

rectangle.  

Which is correct? 

(A) To prove I is true, it is enough to prove that II is true. 

(B) To prove II is true, it is enough to prove that I is true. 

(C) To prove II is true, it is enough to find one rectangle whole 

diagonals bisect each other.  

(D) To prove II is false, it is enough to find one non-rectangle 

whose diagonals bisect each other.  

(E) None of (A) – (D) is correct.   

56.5% 

V 

25. Suppose you have proved statements I and II.  

I. If p, then q. 

II. If s, then not q.  

Which statement follows from statements I and II? 

(A) If p, then s.   (B) If not p, then not q.   (C) If p or q, then s.  

(D) If s, then not p.   (E) If not s, then p.  

21.5% 
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Table 6. The Smallest % Difference between the Taiwanese and U.S. Groups for van Hiele 

Geometry Test (VHGT) at Each Level 

 

Level Item Statement TW minus U.S. 

I 

3. Which of these are rectangles? 

 
(A) S only   (B) T only   (C) S and T only   (D) S and U only 

(E) All are rectangles. 

3% 

II 

7. In a rectangle CHJK, 𝐺𝐽 and 𝐻𝐾 are the diagonals. 

 
Which of (A) – (D) is not true in every rectangle? 

(A) There are four right angles.  

(B) There are four sides.  

(C) The diagonals have the same length.  

(D) The opposite sides have the same length.  

(E) All of (A) – (D) are true in every rectangle. 

14% 

III 

11. Here are two statements.  

Statement 1: Figure F is a rectangle.  

Statement 2: Figure F is a triangle.  

Which is correct? 

(A) If 1 is true, then 2 is true.          (B) If 1 is false, then 2 is true.  

(C) 1 and 2 canmnot both be true.   (D)1 and 2 cannot both be false. 

(E) None of (A) – (D) is correct. 

-1.5% 

IV 

19. In geometry; 

(A) Every term can be defined and every true statement can be 

proved true.  

(B) Every term can be defined but it is necessary to assume that 

certain statements are true.  

(C) Some terms must be left undefined but every true statement 

can be proved true.  

(D) Some terms must be left undefined and it is necessary to have 

some statements which are assumed true.  

(E) None of (A) – (D) is correct. 

4.5% 

V 

22. To trisect an angle means to divide it into three parts of equal 

measure. In 1847, P. L. Wantzel proved that, in general, it is 

impossible to trisect angles using only a compass and an 

unmarked ruler. From his proof, what can you conclude? 

(A) In general, it is impossible to bisect angles using only a 

-12.50% 
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compass and an unmarked ruler. 

(B) In general, it is impossible to trisect angles using only a 

compass and a marked ruler.  

(C) In general, it is impossible to trisect angles using any drawing 

tools.  

(D) It is still possible that in the future someone may find a general 

way to trisect angles using only a compass and an unmarked 

ruler. 

(E) No one will ever be able to find a general method for trisecting 

angles using a compass and an unmarked ruler.   
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Table 7. Three Additional van Hiele Geometry Test (VHGT) Items on which the U.S. Group 

Outperformed the Taiwanese Group 

 

Level Item Statement TW 

minus 

U.S. 

V 

21. In F-geometry, one that is different from the one you are used to, there 

are exactly four points and six lines. Every line contains exactly two 

pints. If the points are P, Q, R, and S, the lines are {P, Q}, {P, R}, {P, S}, 

{Q, r}, {Q, S}, and {R, S}. 

 
Here are how the words ―intersect‖ and ―parallel‖ are used in F-geometry. 

The lines {P, Q} and {P, R} intersect at P because {P, Q} and {P, R} have 

P in common.  

The lines {P, Q} and {R, S} are parallel because they have no pints in 

common.  

From this information, which is correct? 

(A) {P, R} and {Q, S} intersect.       (B) {P, R} and {Q, S} are parallel.  

(C){Q, R} and {R, S} are parallel.   (D) {P, S} and {Q, R} intersect.  

     (E) None of (A) – (D) is correct. 

-21.00% 

V 

24. Two geometry books define the word rectangle in different ways.  

Which is true? 

(A) One of books has an error. 

(B) One of the definitions is wrong. There cannot be two different 

definitions for rectangle. 

(C) The rectangles in one of the books must have different properties 

from those in the other book. 

(D) The rectangles in one of the books must have the same properties as 

those in the other book. 

(E) The properties of rectangles in the two books might be different. 

-17.00% 

IV 

20. Examine these three sentences  

(1) Two lines perpendicular to the same line are parallel.  

(2) A line that is perpendicular to one of two parallel lines is 

perpendicular to the other.  

(3) If two lines are equidistant, then they are parallel. 

In the figure below, it is given that lines m and p are perpendicular and 

lines and p are perpendicular. Which of the above sentences could be the 

reason that line m is parallel to line n?  

-8.00% 
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(A) (1) only    (B) (2) only    (C) (3) only 

(D) Either (1) or (2)    (E) Either (2) or (3) 

 
 


