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Introduction 
The Malaysian Educational Blueprint 2013-2025 (MEB) has placed great importance on 
a STEM (Science, Technology, Engineering and Mathematics) driven economy. With 
the recognition of mathematics as the foundation of all scientific knowledge, geometry 
has formed the main part of mathematics curriculum in Malaysia. Therefore, the role of 
geometry in our nation’s development and nation building cannot be downplayed 
 
 Application of geometry is important in helping students develop interests in 
learning mathematics, understand basic mathematics concepts and develop 
mathematical thinking. In addition, geometry is important for students to: acquire 
visualization and reasoning skills, skill at translating visual to verbal description, to see 
how geometry relationships are applied to the physical world and to use geometry 
modeling to solve problem (NCTM, 2000).  
 
Problem statement   
Statistics revealed that Malaysian grade 8th students’ geometry achievement in TIMSS is 
declining. The average score in geometry in TIMSS fell from 497 in 1999 to 495 in 
2003, 474 in 2007 and 432 in 2011. From 1999 to 2011, the average score dropped 
drastically (65 points). Malaysian grade 8th students’ geometry achievement was ranked 
twentieth in TIMSS 2011 out of 34 participating countries. Compared to other Asian 
countries, Malaysia geometry achievement has declined the most (42 points) from 2007 
to 2011. The low rankings of geometry achievement in TIMSS indirectly reflected our 
Malaysian grade 8th students’ levels of geometric thinking that are at a worrying stage. 
 
 Besides the low geometric thinking among the Malaysian secondary students, 
studies on pre-service secondary school teachers also revealed that a great number of 
them have not attained the required geometric thinking level to teach the required 
Geometry Curriculum in secondary school (Chew, Lim & Noraini, 2009; Nyet & 
Sopiah, 2012). Findings by Nyet and Sopiah (2012) showed that more than 80% of 
Malaysia pre-service mathematics teachers fully attained van Hiele Level 1 
(visualisation) and Level 2 (analysis), and 33.9% attained Level 3 while none are at 
Levels 4 and 5. If teachers are at low levels of geometric thinking, then students will 
only be scaffolded up to the teachers’ level. These findings imply the urgency to 
enhance Malaysian students’ and teachers’ levels of geometric thinking. 
 
Lesson Study 
Lesson Study (LS) is a wide scope, on-site professional development process that 
involves a small group of teachers. The teachers are of different levels of ability but 
with an interest in working collaboratively to carry out the planned and researched 
lesson. The process of LS is under the coordination of an elected team leader and 
scaffolded by The More Knowledgeable One (MKO). In this study, the researcher acted 
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as the MKO in the LS group. The MKO’s experience as the School Improvement 
Specialist Coach in Mathematics had mastered the content and pedagogical knowledge. 
The success of the scaffolding is a shared understanding among learners in the group.  
The more advanced peers will help the less advanced members operate within their zone 
of proximal development. The result of the LS is a successful lesson plan that can be 
used by any teacher who wishes to teach the same content (Becker, Ghenciu, Horak & 
Schroeder, 2008). 
 
Van Hiele’s model in learning geometry 
Studies have shown that in learning geometry, students need to experience thinking at 
different levels. The van Hiele Model of learning geometry provides strategies and 
suggested activities for helping students focus on levels of thinking and instruction is 
meant to help students move from one level to the next. Table 1 shows van Hiele’s five 
levels of thought development in geometry (van Hiele, 1986). Students have the highest 
understanding at the first level but their mastery level gets lower as it goes down along 
the level of van Hiele. The minimum goal for all Malaysian secondary school geometry 
contents is van Hiele Level 3. Secondary school students should be able to identify 
properties of figures, understand definitions of geometric concepts, classify figures 
hierarchically by ordering their properties and give informal arguments to justify their 
classifications (MOE, 2003). 
 
Table 1.Characteristics of the van Hiele geometric thinking levels 

Level Description 
Level 1 Visualisation Student judges shapes by their appearances 
Level  2 
 Analysis Student sees figures in terms of their components and 

discovers properties of a class of shapes. 
Level 3 
 

Informal 
Deduction 

Student logically inter-relates properties discovered 
previously  

Level 4 Deduction Student proves theorems deductively 
Level 5 
 Rigor Student establishes theorems in different postulational 

systems. 
Source: Usiskin ,1982, p.77 
 
Phases of learning 
Van Hiele-Geldof (1984) presented the Phases of Learning to assist teachers in 
incorporating the concepts of their model into the geometry classroom. The Phases of 
Learning consists of an outline for organizing geometry classroom instruction and 
describes the phases through which students progress in order to attain the next higher 
levels of thinking. Van Hiele (1986) identifies five phases in this learning process as 
described in Table 2: 
 
Research questions and null hypotheses 
This study seeks to find answers to the following research questions: 
1. Is there a significant difference in geometry achievement between grade seventh 
students who learned geometry through Lesson Study incorporating phase-based 
instruction and grade seventh students who learned geometry through conventional 
instruction? 
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2. Is there a significant difference in geometry achievement among students who 
followed the initial lessons (Group E1), students who followed the revised lessons 
(Group E2) and students who followed the re-revised lessons (Group E3) of Lesson 
Study incorporating phase-based instruction? 
 
Null Hypotheses 
Ho1: There is no significant difference in geometry achievement between grade seventh 
students who learned geometry through Lesson Study incorporating phase-based 
instruction and grade seventh students who learned geometry through conventional 
instruction. 
Ho2: There is no significant difference in geometry achievement among students who 
followed the initial lessons (Group E1), students who followed the revised lessons 
(Group E2) and students who followed the re-revised lessons (Group E3) of Lesson 
Study incorporating phase-based instruction. 
 
Table 2.Phases of Learning (van Hiele Model) 
 

Phase Description 

Phase 1 Inquiry Students discuss and develop questions on a topic 
to be explored. 

Phase 2 Directed Orientation Students explore sets of carefully sequenced 
activities. 

Phase 3 Explicitation Students express explicit views and questions 
about inherent structures of their investigations. 

Phase 4 Free Orientation 
Students encounter multi-step tasks and gain 
experiences in finding their own way of resolving 
the tasks. 

Phase 5 Integration 
Students form an overview in which objects and 
relationships are unified and internalized into a 
new domain of thoughts. 

Source: van Hiele –Geldof,1957/1984 
 
Methodology 
Research design 
The researcher used an experimental design, as it is the best approach to investigate 
cause-and-effect relationships (Macmillan, 2000, p.207). This study used a quasi-
experimental design that is the non-equivalent control group design, as the researcher 
had to use intact groups in schools. The non-equivalent control group design addressed 
the differing numbers of students in the classes (Creswell, 2012). 
 
Participants of the study 
The participants of this study consisted of 154 grade seventh students from two urban 
schools in Kuala Muda Yan District, Kedah with below average achievement. The 
experimental groups consisted of three classes of 77 students from one school. The 
control groups also consisted of the same number of classes and students of a similar 
academic achievement level from a different school. Grade seventh students were 
selected because of their first time exposure to this geometry topic, Lines and Angles 
and in order to detect early any problems these students will face in secondary school. 
Six teacher participants from two schools involved in this study have similar positive 
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attitude towards teaching, similar academic background and teaching experience (4-8 
years of teaching mathematics). 
 
Instrumentation and materials 
The end-of-unit tests (pretest and posttest) were developed by the researcher, reviewed 
by three mathematics experts and pilot tested for its validity and reliability respectively. 
The end-of-unit tests consisting of 20 questions were given to both groups.  
 
Research procedure 
All student participants used the same curriculum (MOE, 2003) and textbook (MOE, 
2011), and the same duration of time (4 x 70 minutes) to complete the same unit – Lines 
and Angles. The students were administered a geometry achievement pretest before the 
study and a posttest after the study. The pretest and posttest were parallel to enable 
comparisons of the students’ geometry achievement before and after the treatment has 
been carried out. 
 
 The researcher acted as an observer in all the lessons in the control group. Teachers 
C1, C2 and C3 in the control group used the conventional ‘chalk and talk’ technique. 
Students practiced, rote-memorized and were drilled to answer test questions (Lim, 
2010).  

 
 The experimental group was led by the researcher as the MKO and a team leader T1, 
scaffolded the whole process of LS. Prior to the LS, three one and a half hour briefing 
sessions on the procedures in carrying out the study and on the van Hiele Model of 
Learning Geometry were carried out to teachers T1, T2 and T3 of the experimental 
group.  

 
 There were four phases of the LS process in this study (Figure 1). In Phase 1, the 
teachers met two times to discuss and plan one lesson together using the van Hiele’s 
phase-based model of geometric thinking. In Phase 2, one of the teachers (T1) taught 
the lesson (70 minutes) and was observed by T2 and T3. After the lesson, the teachers 
met to study students’ misconceptions, reflected and discussed modifications to the 
lesson (60 minutes). In Phase 3, the revised lesson was taught by T2 and was observed 
by T1 and T3. Reflection on the lesson was carried out. In Phase 4, the re-revised lesson 
was taught by T3 and was observed by T1 and T2. Reflection on the lesson was carried 
out and documented. One cycle of the LS took 10 days to complete. Four LS cycles 
were carried out to complete the whole unit on Lines and Angles. 
 
Results 
An independent-samples t-test was conducted to compare the geometry achievement 
between grade seventh students who learned geometry through LS incorporating-based 
instruction and grade seventh students who learned geometry through conventional 
instruction. Normality of the data was assumed by Kolmogorov-Smirnov, with 
Lilliefors significance level and the Shapiro-Wilk statistic significance level greater than 
.01. Levene’s test showed that the population variances were relatively equal with 
probability of .467 (p > .01). There are no significant differences between the variances 
of the groups.  
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Figure 1: One cycle of Lesson Study 
 
 Table 3 compares the mean of the geometry achievement pretest of the experimental 
group and control group. The t-test for independent samples revealed that there is no 
significant difference between the geometry achievement pretest of the experimental 
group and control group (t= .88, df= 152, p=.38). The geometry achievement pretest of 
grade seventh students who learned geometry through Lesson Study incorporating 
Phase-based instruction (M=14.36, SD=5.676) showed no significant difference from 
the pretest achievement of grade seventh students who learned geometry through 
conventional instruction (M=13.66, SD=5.23). 
 
Table 3. Descriptive statistics and the independent –samples t-Test for grade seventh 
students’ geometry achievement pretest 

Group N Mean SD Mean 
Difference 

t-
value 

df p-
value 

Experimental  77 14.36 5.68 
Control 77 13.66 5.23 0.70 .88 152 .38 

Significant value at p < .01 
 

 Table 4 compares the mean of the posttest geometry achievement of the 
experimental group and control group. The independent-samples t-test revealed that 
there is a significant difference between the geometry achievement posttest of the 
experimental group and control group (t=11.25, df= 152, p=.000). The geometry 
achievement posttest of grade seventh who learned geometry through Lesson Study 
incorporating Phase-based instruction (M=139.60, SD=15.595) reported significant 
higher achievement than students who learned geometry through conventional 
instruction (M=17.06, SD=8.099). This result rejected null hypothesis 1. 
 
Table 4. Descriptive statistics and the independent-samples t-Test for grade seventh 
students’ geometry achievement posttest 

Group N Mean SD Mean 
Difference 

t-value Df p-
value 

Experimental  77 39.60 15.595 
Control 77 17.06 8.099 22.53 11.25 152 .000

** 
  **Significant value at p< .01 
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 Table 5 shows the Levene’s test for homogeneity of variances on the experimental 
groups of students (E1, E2 and E3). The results indicated that there is no significant 
difference at p < .01 level for the three groups of students [F (2, 74) = .63, p = .54] and 
therefore the population variances for each group are approximately equal. 
 
 The one-way between-subjects analysis of variance (ANOVA) was conducted to 
compare the effect of lesson study on the geometry achievement posttest of the three 
experimental groups of students (E1, E2 and E3). There is a significant difference at p < 
.01 level for the three groups of students [F (2, 74) = 5.86, p = .004], also shown in 
Table 5. 
 
Table 5. Summary of ANOVA for students’ geometry achievement 
 

Sources Sum of 
Squares 

Df1 Df2 Mean 
Square 

F-
statistic 

p-value 

Pretest 27.89 2 74 13.95 .63 .54 
Posttest 2477.57 2 74 1238.79 5.86 .004** 

**Significant value at p < .01 
 
 Table 6 presents the descriptive statistics on students’ geometry achievement. The 
mean posttest score of all three experimental groups E1 (M= 35.07, SD =13.73), E2 (M 
= 37.25, SD =11.93), E3 (M = 48.04, SD =17.43) is higher than their mean pretest score, 
E1 (M = 14.14, SD =4.52), E2 (M = 13.75, SD =4.06), E3 (M = 15.20, SD =5.42). As 
indicated in Table 6, the mean score for geometry achievement posttest (M = 39.60, SD 
=15.60) is significantly higher than the geometry achievement pretest (M=14.36, SD= 
4.68). 

 
Table 6. Descriptive statistics - students’ geometry achievement 

Pretest Posttest Groups N M SD M SD 
E1 28 14.14 4.52 35.07 13.73 
E2 24 13.75 4.06 37.25 11.93 
E3 25 15.20 5.42 48.04 17.43 
Total 77 14.36 4.68 39.60 15.60 

 
 Post hoc comparisons using the Tukey HSD test indicated that there were no 
significant differences between the mean score for  groups E1 (M= 35.07, SD =13.73) 
and E2 (M = 37.25, SD =11.93), and  E2 (M = 37.25, SD =11.93) and  E3(M = 48.04, 
SD =17.43). But, there is a significant difference between groups E1 (M = 14.14, SD 
=4.52) and E3 (M = 15.20, SD =5.42) as indicated in Table 7. 
 
Table 7.Multiple comparisons on students’ posttest geometry achievement 

Groups Groups Mean Difference Significant 
E1 E2 2.18 .86 
E2 E3 10.79 .030 
E3 E1 12.97 .005** 

 **Significant value at p < .01 
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As in Table 5, the significant difference at p < .01 level in geometry achievement of the 
three groups of students, E1, E2 and E3 [F (2, 74) = 5.86, p = .004] indicates that null 
hypothesis 2 must be rejected. 
 
Conclusion 
The independent-samples t-test showed that, statistically there is significant difference 
between grade seventh students’ geometry achievement in the experimental group and 
the control group. This result indicates that Lesson Study incorporating Phase-based 
instruction had significant effect on students’ geometry achievement compared to 
conventional instruction. 
 
 The one-way between-subjects analysis of variance (ANOVA) showed that there is a 
lesson study had a significant effect on the geometry achievement of the three 
experimental groups of students (E1, E2 and E3). Post hoc comparisons using the Tukey 
HSD test indicate that there are no significant differences between the mean score for 
group E1 and E2, and E2 and E3. However, there was a significant difference between 
group E1 and E3. These results suggest that the re-revised lessons in E3 give greater 
positive impact in order to see a significant effect compared to lessons in E1 and E2.  
 
 As we know, teaching is a cultural activity. Changes in teaching are slow, gradual 
and built on existing routines. They will not change quickly or drastically (Hiebert & 
Stigler, 1999). Therefore, the longer LS is used the more it will show significant effects 
on students’ academic achievement. 
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