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Van Hiele’s Model of Thinking in Geometry is very popular model all over the world. 
This model is not only descriptive in nature as it describes the behaviour of students 
but also prescriptive as it presents the ways of instruction with the help of teaching 
phases. In this paper literature related to Van Hiele’s Model is explored. Studies 
describing model’s relationship with Geometry Achievement, Analysing various text 
material, motivating curriculum revision, identifying and assessing students and 
teachers level of thinking and Instructional Interventions With The help of  Van 
Hiele’s Model of Thinking is given 
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Introduction 

Pierre van Hiele and Dina van Hiele-Geldof were a husband-and-wife team of 
Dutch mathematics educators. They did research on thought and concept development 
in geometry among school children. Both were teachers and as a result of many years 
of teaching experience, they noticed with disappointment the difficulties that their 
students had in learning geometry. From classroom observations, the van Hieles 
asserted that students pass through several levels of reasoning about geometric 
concepts. Consequently, the van Hieles developed a model of thinking in Geometry in 
1957 . The Van Hiele model identifies five levels of thinking in geometry. According 
to this model, the learner, assisted by appropriate instructional experiences, passes 
through these level beginning with recognitions of shapes as a whole (level 0) 
progressing to discovery of properties of figures and informal reasoning about these 
figures and properties (level 1 and 2), culminating in a rigorous study of axiomatic 
geometry (Ievels3 & 4). Van Hiele’s model of thinking in geometry has motivated 
considerable research all over the world and caused resultant changes in geometry 
curriculum of  different countries.  
Relationshipbetween the Van Hiele’s Leveland Geometry Achievement 

In exploring the existence of a relationship between the van Hieles' level of 
understanding geometry and achievement in  geometry,  Usiskin(1982) , 
Yazdani(2007) and Atebe (2008) found that there existed a positive and high 
correlation(Usiskin(1982) -0.61, Yazdani(2007) -0.86 and Atebe (2008)-0.52) 
between the van Hieles' level of understanding geometry and students achievement in  
geometry. The results indicated that there was a direct correlation between the van 
Hieles' level of understanding geometry and achievement in geometry. 
Text Analysis andCurriculum Revision 

Critical evaluation of the NCERT primary mathematics series revealed lot of 
shortcomings in curriculum design and materials i.e. lack of  child centeredness, 
mismatch between tasks, objectives and operational age, non-appropriate strategies 
for communication, overambitious course ,lack of alternative strategies etc. 
(Sarangapani-2000).Similar shortcomings were being noted by other researchers in 
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their respective curriculum like Fuys  et. al.-1988 Whitman et.al.-1997 , Bennie-1998 
and Siyepu-2005.In the Geometry text books VH levels are mixed up-not sequenced 
and because of this higher levels are rarely achieved (Fuys  et. al.-1988).which is 
evident from the fact that features of VH level 4 are missing in the geometry 
curriculum at senior secondary phase in Namibia (Mateya-2008) and from the fact 
that features of VH level 3 & 4 are missing in Geometry curriculum at grades 6,7 and 
8 of Nicosia(Yildiz et. al.-2009).Curriculum of Geometry should be rewritten 
according to the VH theory(Shaughnessy and Burger-1985, Fuys  et. al.-1988, 
Bennie-1998 , Siyepu-2005 and Mateya-2008). Features of Van Hiele’s levels were 
also characteristics of the proposed levels of language used in Geometry (Isoda-
1996).Teachers should write lesson plans in such a way to purposely support student’s 
progress through the VH levels (Shaughnessy and Burger-1985).There is a strong 
need for pre service programs to prepare teachers in effective ways of utilizing text 
books to guide their lesson plans and to make them aware of the possible limitations 
inherent with using a text book (Bush-1986).Teacher’s edition of text book should 
include notes that indicate the VH level correlated with the text (Fuys  et. al.-
1988).The curriculum which is more appropriate with the VH theory gives better 
results than the curriculum which ignores it (Whitman et.al.-1997).On the contrary 
Halat(2007) found that there exists no statistical significant difference between the 
students which were engaged in instructions using a VH based curriculum and 
traditional curriculum. 
Identifying and Assessing Students Van Hiele’s Level of Thinking 

Different researcher used different techniques for assessing students Van 
Hiele’s level of thinking in Geometry. Usiskin (1982), Senk (1989), Hang (1994), 
Mason(1997), Wu and Ma(2005),Halat(2006),Mateya(2008),Atebe and Schafer(2008) 
and Aydin and Halat(2009) used multiple choice test, Burger and Shaughnessy(1986), 
Fuys et.al.(1988),Mason(1997),Douglas et.al.(1999) and Mateya(2008) used 
interviews, Gutierrez et.al.(1991) used spatial geometry test and Gutierrez and 
Jaime(1991) used open ended questions. The results of these studies showed that 
majority of students were at the VH level 0 and VH level 1.A very small number of 
students reached VH level 3.Existence of VH level 4 is found only in case of   
secondary and college students. The Results also confirmed that there was a positive 
correlation between VH levels with proof scores as well as with standardized 
Geometry tests. VH levels form a hierarchy and are not dependent on student’s age 
and maturity 
Table1 Different tools used in different studies for assessing student’s VH level  
Serial Number Study Tool Used Results 
1 Usiskin(1982 Multiple 

choice test 
Most tenth graders were 
at level 0 or level 1  

2 Burger and 
Shaughnessy 
(1986) 

Interviews Majority students 
transitioning between 
levels 1 and 2 

3 De Villiers & 
Njisane (1987) 

Multiple 
choice test 

The results of the study 
has shown that only 
about 45% of Std 10 
(Grade 12) pupils then 
taking mathematics in 
KwaZulu had mastered 
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Level 2 
4 Fuys et. al.(1988) Clinical 

Interviews 
Mostly 6th graders were 
at level 0 and 9th 
graders were at level 1 

5 Senk (1989) Usiskin’s VH 
Test 

Students wih level 3 or 
higher were better in 
proof writing 

6 Gutierrez et al. 
(1991A) 

Spatial 
Geometry Test   

Students can develop 
two consecutive levels 
of reasoning at the same 
time 

7 Gutierrez et al. 
(1991B) 

Open ended 
questions and 
Clinical 
Interviews  

There was high level of 
consensus between two 
means of assessment 

8 Hang(1994) Multiple 
choice test 

There was no 
significant difference in 
the performance 
between sec. and junior 
college students.Only 
about 1.5% of the 
students in the sample 
attained level 5 thinking 

9 Mason (1997) Usiskin’s VH 
Test 

VH levels form a 
hierarchy and are not 
dependent on student’s 
age and maturity 

10 Parsons et al.(1998) Usiskin’s VH 
Test 

about 18 % were below 
0, 45%were at level 0, 
and 36% were at level 
1.  
 

11 Douglas et.al.(!999) Clinical 
Interviews 

Young children initially 
form schemas on the 
basis of feature analysis 
of visual form 

12 Mistretta (2000) Multiple 
choice test and 
Interview 

22% of the students 
were at level 0 (based 
on original 0-4 
numbering scheme), 
30% were at level 1, 
13% were at level 2, 
and 35% could not be 
assigned any level 

13 Wu and Ma(2005) Wu’s 
Geometry Test  

Identification of circle 
was easiest for students, 
triangle comes next 
whereas quadrilateral 
was most difficult one 

14 Halat(2006) Usiskin’s VH Most students VH 
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Test levels were level0 and 
level 1 

15 Mateya(2008) Usiskin’s VH 
Test and 
Clinical 
Interviews 

Many of the students 
who participate in the 
research have a weak 
understanding of 
Geometrical concepts 

16 Atebe and Schäfer 
(2008) 

Usiskin’s VH 
Test 

Majority of the 
participants from both 
the countries were 
found at pre-recognition 
level followed by those 
at level 1  

17 Aydin and Halat 
(2009) 

Usiskin’s VH 
Test 

Students taking 
logic/proof based 
courses attain higher 
reasoning stages than 
students taking other 
college level 
mathematical courses 
such as calculus 

 
Identifying and Assessing Teacher’s Van Hiele’s Level of Thinking 
Different researchers used different techniques for assessing teachers Van Hiele’s 
level of thinking.Mayberry(1983),Henderson(1988), Fuys, Geddes and Tischler 
(1988), Mason and Schell(1988), Unal(2005) and Van Putten(2008) used interview 
protocol, Knight(2006),Halat(2008) and Halat and Peker(2008) used Usiskin VH test , 
Gutierrez et al.(1991) used Spatial Geometery test ,Lawrie and Pegg(1997) used 
written test using Mayberry’s interview protocol and Van Putten(2008) used multiple 
choice paper pencil test. Studies of Mayberry’s (1983),Henderson (1988), Fuys, 
Geddes and Tischler(1988), Mason and Schell(1988),Gutierrez et al(1991) , Lawrie 
and Pegg(1997),Unal(2005),Knight(2006) and Van Putten(2008) were associated with 
the  pre-service mathematics teachers whereas studies of Fuys,Geddes and 
Tischler(1988),Mason and Schell (1988),Halat(2008) and Halat and Peker(2008) were 
associated with inservice mathematics teachers . Results of these studies indicated that 
majority of the teachers were not even at the level expected from their students. 
 
Table 2 Different tools used in different studies for assessing teacher’s VH level  
Sr .no Study  Tool used Result 
1 Mayberry(1983) Interview Lack of readiness for a formal 

deductive geometry course 
2 Henderson(1988) Mayberry’s 

interview 
technique 

Level of understanding of pre 
service teachers influenced 
students difficulty or insight 

3 Fuys et al. (1988) Interview They suggested the discussion of 
the Van Hiele model in pre 
service and in service  teacher 
programs 

4 Mason and 
Schell(1988) 

Mayberry’s 
interview 

The secondary in service teachers 
scored highest of the three groups 
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protocol and 38%of pre service elementary 
teachers were operating below 
level 3 whereas over 75% of 
secondary pre service teachers 
were at level 3 or higher 

5 Gutierrez et al.(1991) Spatial 
Geometry 
Test 

Acquisition of lower level was 
more complete than acquisition of 
higher level 

6 Lawrie and 
Pegg(1997) 

Written test 
using 
Mayberry’s 
interview 
protocol 

Majority of pre service teaches 
were either at level 0 or at level 1 

7 Unal(2005) Mayberry’s 
interview 
protocol 

Post interview results showed a 
gain among all three pre service 
teachers. 

8 Knight(2006) Usiskin’s VH 
Test 

the van Hiele level of pre-service 
elementary and secondary 
mathematics teachers after 
completing their program required 
geometry course was statistically 
significantly lower than the level 
expected of students completing 
grade 8 and grade 12, 
respectively. 
 

9 Halat(2008) Usiskin’s VH 
Test 

The most common stage for 
middle and high school 
mathematics teachers’ reasoning 
stages was level-
III(ordering).49.1%of middle and 
47.4% of high school teachers 
were at this level 

10 Halat and 
Peker(2008) 

Usiskin’s VH 
Test 

in-service elementary school 
teachers showed all van Hiele 
thinking levels except level-V 
(Rigor) in different percentiles.  
 

11 Van putten(2008) Multiple 
choice paper 
pencil test and 
interview 

majority students were competent 
at level 1where as least were 
competent at level 3. 

 
Instructional Interventions With The help of  Van Hiele’s Model of Thinking 

It is possible for teachers to learn how to assess VH levels with student 
responses as well as instructional material .Fuys et al. (1988). Mathematics teacher 
education program should include theories like the Van Hile Model of thinking as 
preservice teachers need these same kind of experiences as learners of mathematics to 
appreciate the benefit of such contexts for their students. Graeber (1999) and 
Sharp(2001). An intervention program that enhances teachers knowledge of geometry 
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and their knowledge of research based findings on students cognition in geometry can 
influence instructional practice. Swafford and Jones(1997), Jcobson and 
Lehrer(2000), Sharp(2001) and Ding and Jones(2007).Computer Assisted Instructions 
helps to improve students VH level. Parsons et al. (1998). Instructions through 
activities based on VH levels and teaching phases of VH model improves 
performance of students. Jaime and Gutierrez (1995), Mistretta(2000)  , Jacobson and 
Lehrer(2000), Clements, Battista and Sarama(2001), Sharp(2001) , Bayram(2004)  , 
Shrestha(2005), Ding and Jones(2007) and Idris(2009). 

 
References: 
Atebe, H.U. (2008). Student’s Van Hiele levels of Geometric thought and conception 
in plane Geometry: A Collective case study of Nigeria and South Africa: Ph.D 
Dissertation. Rhodes University,   

Atebe, H. U., & Schäfer, M. (2008). Van Hiele levels of geometric thinking of 
Nigerian and South African mathematics learners. In M. C. Polaki, T. Mokulu & T. 
Nyabanyala (Eds.), Proceedings of the 16th Annual Conference of the Southern 
Africa Association for Research in Mathematics, Science and Technology. Maseru: 
SAARMSTE. 

Aydin, N. and Halat, E. (2009). The impacts of undergraduate Mathematics courses 
on college student’s Geometric Reasoning stages. The Montana Mathematics 
Entbusiast 6 (1), 151-164. Montana Council of Teachers of Mathematics & 
Information Age publishing US. 

Bennie, K. (1998). An analysis of the geometric understanding of grade 9 pupils using 
Fuysetal’s interpretation of the Van Hiele model, Paper presented at the 6th Annual 
SAARMSE conference, UNISA, South Africa.  

Burger, W. F., and Shaughnessy, J.M. (1986). Characterizing the Van Hiele’s levels 
of development in geometry. Journal for Research in Mathematics Education, 17(1), 
31-48  

Bush, W. S. (1986). Preservice teachers' sources of decisions in teaching secondary 
mathematics. Journal for Research in Mathematics Education, 17(1), 21-30 

Clements, D. H. (2004). Perspective on “The child’s thought and geometry”. In T. P. 
Carpenter, J. A. Dossey & J. l. Koehler (Eds.), Classics in mathematics education 
research, 60–66. Reston: NCTM. 

Dauglas H. Clements, Sudha Swaminathan Mary Annezeitler Hannibal and Julie 
Sarama (1999). Young children’s concepts of shape. Journal for Research in 
Mathematics Education. National Council of Teachers of Mathematics.  

De Villiers, M.D. & Njisane, R.M. (1987). The development of geometric thinking 
among black high school pupils in Kwazulu. Proceedings of the 11th PME 
Conference, Montreal, 3, 117-123. Prague: PME. 

Ding, L. and Jones, K. (2007). Using the van Hiele theory to analyse the teaching of 
geometrical proof at grade 8 in Shanghai, China European Research in Mathematics 
Education V, Nicosia, Cyprus, European Society for Research in Mathematics 
Education, 612-621. 



Online International Interdisciplinary Research Journal, {Bi-Monthly}, ISSN 2249-9598, Volume-08, Sept 2018 Special Issue (02) 

 

 w w w . o i i r j . o r g                      I S S N  2 2 4 9 - 9 5 9 8 
 

Page 184 

Erdogan, T. and Durmus, S. (2009). The effect of instruction based on Van Hiele 
Model on the geometric thinking levels of pre-service elementary school teachers. 
Procedia-Social and Behavioral Sciences 1, (1), 154-159. 

Fuys, D., Geddes, D., and Tischler, R. (1988). Journal Research in Mathematics 
Education Mono graph 3: The Van Hiele’s model of thinking in geometry among 
adolescents. Reston: National Council ofTeachers of Mathematics. 

Graeber, A. O. (1999). Forms of knowing mathematics: What preservice teachers 
should learn. Educational Studies in Mathematics, 38, 189-208. 

Guiterrez, A., Jaime, A; Burger, W.F., and Shaughnessy, J.M. (1991B). A 
comparative Analysis of two ways of assessing the Van Hiele’s levels of thinking. 
Paper presented at the International Group for the Psychology of Mathematics 
Education, Assisi, Italy. 

Gutierrez, A. Jaime, A., & Fortuny, J.M. (1991A). An alternative Paradigm to 
evaluate the acquisition of the Van Hiele levels. Journal for Research in Mathematics 
Education, 22, 237-251. 

Halat, E. (2007). Reform based curriculum and acquisition of the levels. Eurasia 
Journal of Mathematics, Science and Technology Education, 3(1), 41-49. 

Hang, K. (1994). The Van Hiele level of geometric thought of secondary school and 
junior college students. Unpublished M.Ed. Dissertation. Nanyang Technological 
University.  

Henderson, E. M. (1988). Pre-service secondary mathematics teacher’s geometric 
thinking and their flexibility in teaching geometry unpublished doctoral dissertation, 
University of Georgia, Athens, GA.  

Idris, N. (2009). The impact of using geometer’s sketchpad on Mabysian student’s 
achievement and Van Hiele geometric thinking, Journal of Mathematics Education, 
2(2), 94-107. 

Isoda, M. (1996). The Development of Language about function: an application of 
Van Hiele’s levels in the PME proceedings of 20th conference of the international 
group for the psychology of Mathematics Education 

Jacobson, C., & Lehrer, R. (2000). Teacher appropriation and student learning of 
geometry through design. Journal for Research in Mathematics Education, 31(1), 71-
88. 

Jaime, A., & Gutierrez, A. (1995). Guidelines for teaching plane isometries in 
secondary school. The Mathematics Teacher, 88(7), 591-597. 

Lawrie, C., and Pegg, J. (1997). Some issues in using Mayberry’s test to identify Van 
Hiele’s levels Paper presented at the International Group for the Psychology of 
Mathematics Education. 

Mason, M. M. (1997). The van Hiele model of geometric understanding and 
mathematically talented students. Journal for the Education of the Gifted, 21(1), 38-
53. 



Online International Interdisciplinary Research Journal, {Bi-Monthly}, ISSN 2249-9598, Volume-08, Sept 2018 Special Issue (02) 

 

 w w w . o i i r j . o r g                      I S S N  2 2 4 9 - 9 5 9 8 
 

Page 185 

Mateya, M. (2008). Using the VAN Hiele theory to analyse geometrical 
conceptualization in grade 12 students. A Namibian Perspective. Unpublished Master 
in Education (Mathematics Education) Thesis, Rhodes University, Namibia.  

Mayberry, J. (1983). The Van Hiele levels of geometric thought in undergraduate pre-
service teachers. Journal for Research in Mathematics Education, 14(1), 58-69. 

Mistretta, R. M. (2000). Enhancing geometric reasoning. Adolescence, 35(138), 365-
379.  

Parsons, R. R., Stack, R., & Breen, J. (1998). Writing and Computers: Increasing 
Geometric Content Based Knowledge Using the Van Hiele Model. Paper presented at 
the Curriculum and Instruction Research Symposium, Vermillion, SD. 

Sarangapani, P. (2000). “A way to explore children’s understanding of mathematics”, 
Journal of Issues in primary education, 2(2). 

Senk, S. L. (1989). Van Hiele levels and achievement in writing geometry proofs. 
Journal for Research in Mathematics Education, 20(3), 309–321. 

Sharp, J. M. (2001). Distance Education: a powerful medium for developing teachers' 
geometric thinking. Journal of Computers in Mathematics and Science Teaching, 
20(2), 199-219. 

Shaughnessy, M., & Burger, W. F. (1985). Spadework prior to deduction in geometry, 
Mathematics Teacher, 78, 419-427. 

Shrestha, M.B. (2005). Effectiveness of Van Hiele’s model of thinking at theoretical 
level for secondary school geometry in Nepal. Ph. D, Edu., Panjab University, 
Chandigarh. 

Siyepu, S. W. (2005). The use of van Hiele theory to explore problems encountered in 
circle geometry: A grade 11 case study. Unpublished master’s thesis, Rhodes 
University Grahamstown. 

Swafford, J.O., & Jones, G.A. (1997). Increased knowledge in geometry and 
instructional practice. Journal for Research in Mathematics Education, 28(4), 467-
483. 

UNAL, H. (2005). The influence of curiosity and spatial ability on pre-service middle 
and secondary mathematics teacher’s understanding of Geometry. Ph.D. Dissertation. 
Publication of Archival library and MUSEUM Materials State University libraries of 
Florida.  

Usiskin, Z. (1982). Van Hiele’s Levels and achievement in secondary school 
geometry. (Final report of the cognitive Development and Achievement in Secondary 
School Geometry Project) Chicago: University of Chicago. (ERIC Document 
Reproduction Service No. ED 220 288). 

Van Hiele, P.M. (1959). Development and the learning Process, Graningen J.B. 
Wolters, 1-31. 



Online International Interdisciplinary Research Journal, {Bi-Monthly}, ISSN 2249-9598, Volume-08, Sept 2018 Special Issue (02) 

 

 w w w . o i i r j . o r g                      I S S N  2 2 4 9 - 9 5 9 8 
 

Page 186 

Van Hiele, P.M. (1984). A child’s thought and geometry in D. Fuys, D Geddes, S.R. 
Tischler. (Eds.), English translation of selected writings of Dina Van Hiele Geldof 
and P.M. Van Hiele Brooklyn; Brooklyn College, 243-252. 

Van Hiele, P. M. (1986). Structure and insight: A theory of mathematics education. 
Orlando: Academic Press. 

Van Hiele, P. M. (1999). Developing geometric thinking through activities that begin 
with play. Teaching Children Mathematics, 5(6), 310–317. 

Van Putten, S. (2008). Levels of thought in Geometry of Pre-service Mathematics 
Educators according to the Van Hiele model. Unpublished Master’s thesis, University 
of Pretolia.  

Whitman, N.C., Nohda, N., Lai, M.K., Hashimoto, Y., Iijima, Y., Isoda, M., et al., 
(1997). Mathematics education: a cross cultural study. Peabody Journal of 
Education, 72(1). 215-232. 

Wu, De bang and Ma, HSIU (2005). in chick, H.L. and Vincent, J.L. (Eds.) 
Proceedings of the 29th conference of the international group for the psychology of 
mathematics education, (4), 329-336. Melleouene. PME.  

Yazdani, A.M. (2007). Correlation between student’s level of understanding 
Geometry according to the Van Hiele’s Model and Student’s Achievement in Plane 
Geometry. Journal of Mathematical Sciences and Mathematics Education. 2, (1). pp. 
40-45. 


