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INTRODUCTION 

or children, the learning of geometry begins 

with play. This means that playful activities 

are highly instrumental to the learning of 

geometry by school children. Teachers should 

take advantage of this situation and organize 

instructions around playful activities. Rich and 

fascinating instructions in geometry can be 

provided through such playful activities as mosaic 

or puzzle. Teachers may be tempted to ask 

mosaics’? How can children use mosaics for 

learning and what geometry can they learn from 

them? The part of this research report on 

methodology describes how mosaics and puzzles 

can be used to learn geometry. It also describes 

the kind of geometry that can be learnt by using 

these playful activities. At this point, it is pertinent 

to briefly state the meaning of mosaics. The De 

Jager-Haum Active English Dictionary for English 

students (1980), defines mosaics as tiny pieces of 

colored stones stuck to a wall or floor in patterns.  
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It can be added here that these patterns are largely geometrical and 

readily lend themselves to geometric instructions. 

To think means to use one’s mind or to consider plans in one’s mind (De 

Jager-Haum, 2000). Thinking therefore refers to using one’s mind or 

considering plans in one’s mind. Thinking is developed in stages 

according to Van Hiele (1986). That is to say that there are stages in the 

development of thinking as children learn school geometry. Stages in the 

explore the subject and think so as to enhance their potentials. 

Unfortunately, students are currently taught the subject by an 

approach which emphasizes routine arithmetic characterized by 

memorization and repetition. Consequently, students can only 

adequately carry out straight-forward computational procedures and 

tend to have a limited understanding of mathematical ideas. Hence they 

achieve poorly. Methods that can make students think and participate 

actively in the teaching/learning process need to be used. This study 

examined practical approaches to the teaching of the properties of 

plane shapes to beginning geometry students. Specifically, the study 

examined the use of mosaic or puzzle in the exploration of the 

properties of such plane figures as triangles, rectangles, trapezia, etc. In 

particular, the study explored the influence of these playful activities on 

students’ development of geometric thinking. The study employed the 

quasi-experimental design. A sample of one hundred and fifty (150) 

senior secondary two (SS2) Mathematics students randomly drawn 

from three clusters of schools was used. Ten research questions were 

used to guide the investigation and three null hypotheses were 

formulated and tested at the 0.05 level of significance. To collect data, 

the researchers used two instruments called the Geometric Thinking 

Development Test (GTDT) and the Geometry Achievement Test (GAT). 

Data collected were analyzed using mean, standard deviation and t-test 

statistic. The results revealed that playful activities (Mosaic or Puzzle), 

fostered the development of geometric thinking and students in the 

playful classrooms achieved significantly better than their counterparts 

in the conventional lecture classrooms. 

 

Keywords: Playful activities; developers; geometry; geometric thinking; 

students, Mosaic. 
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development of thinking suggest that thinking occurs in different 

sophistications. That is to say that thinking at the stage n, for instance, is 

not as sophisticated as it is at the stage n+1. In other words, thinking at 

stage n+1 is more sophisticated than it is at stage n. This introduces a kind 

of hierarchy in the stages of thinking. Hierarchy in stages explains that 

thinking stages are in a fixed sequence with some of the stages being 

lower or higher than others. For instance, a child cannot operate at 

thinking stage n+1 without first having gone through stage n. Or a child 

cannot be at thinking stage n without first having been at n-1, etc. Pierre 

Marie Van Hiele, a great Dutch Mathematics Educator, propounded and 

developed the geometric thinking stages theory. He said, in their 

learning of school geometry, students’ thought processes occur in 

stages which he called levels of thinking. He identified five of these levels 

but the current research concentrated on only four because even Van 

Hiele himself, the proponent of the thinking level theory, in his later 

writings, discarded the fifth level, saying its occurrence was not possible. 

The four levels are: 

1. Level 1 (also called recognition or visual level); 

2. Level 2 (also called analysis or descriptive level); 

3. Level 3 (also called order or informal deduction level); and 

4. Level 4 (also called formal deduction level).  

 

A salient feature of these stages in the development of geometric 

thinking is that a student who operates at thinking stage n, for instance, 

may not learn the geometry that is meant for thinking stage n+1. This 

research explored the role played by playful activities on students’ 

development of geometric thinking. 

Geometry learning in Nigerian secondary schools in general and in 

secondary schools in Taraba State in particular has been rooted to the 

learning of the kind of geometry created by Euclid over 2000 years ago 

(Balasa and Tukur, 2021). The geometry constructed by Euclid was formal 

and was based on axioms, postulates, definitions, theorems and proofs, 

and is therefore called formal axiomatic geometry or Euclidean 

geometry. In his era, Euclid’s logical construction of geometry with its 

axioms, postulates, definitions and proofs was, indeed an admirable 

achievement (Van Hiele, 1999). However, Van Hiele (1999), expressed 
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the view that school geometry presented and learnt in the traditional 

Euclidean fashion assumes that school children also think at the formal 

deduction stage (i.e. stage 4 in the geometric thinking hierarchy). Van 

Hiele’s argument here can be interpreted to mean the following: For 

students to learn school geometry in the traditional Euclidean fashion, 

they should strive to not only understand but also translate axioms, 

postulates, definitions and theorems into constructible geometry. But 

not all the students have developed the formal deduction stage of 

geometric reasoning. The thought processes that students put into the 

learning of this kind of geometry may not be the same for all of them at 

the same time. Worried about students’ weakness in their understanding 

of school geometry as reported by WAEC Chief Examiner (2015) and by 

their poor performance in the subject (WAEC, 2010, 2011,), the current 

researchers were inspired to explore the role played by playful activities 

on students’ development of geometric reasoning and understanding in 

the state of Taraba. Put as a question, do playful activities play any role 

on students’ development of geometric thinking stages?  

 

Purpose of the Study 

The general purpose of this study was to determine the role played by 

playful activities on students’ development of stages in geometric 

reasoning and understanding. In specific terms, the study made enquiry 

into the role played by playful activities on: 

1. Students’ development of geometric reasoning stages; 

2. Students’ achievement in the Geometry Achievement Test (GAT); 

3. Male students’ achievement in the Geometry Achievement Test 

(GAT) and 

4. Female students’ achievement in the Geometry Achievement Test 

(GAT). 

 

Research Questions 

 The investigation was guided by the following ten questions: 

1. What are the geometric thinking development stages of senior 

secondary two (SS2) students in the playful activity classrooms? 
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2. What are the geometric thinking development stages of senior 

secondary two (SS2) students in the lecture classrooms? 

3. What are the Van Hiele geometric reasoning stages of male and 

female SS2 students in the playful activity (treatment) 

classrooms? 

4. What are the Van Hiele geometric reasoning stages of male and 

female SS2 students in the lecture (control) classrooms? 

5. What is the mean score of SS2 students in the playful activity 

classrooms? 

6. What is the mean score of SS2 students in the lecture classrooms? 

7. What is the mean score of male SS2 students in the treatment 

classrooms? 

8. What is the mean score of male SS2 students in the control 

classrooms? 

9. What is the mean score of female SS2 students in the treatment 

classrooms? 

10. What is the mean score of female SS2 students in the control 

classrooms? 

 

Research Hypotheses 

Three hypotheses were formulated and tested at the 0.05 level of 

significance. They are: 

Ho1. The achievement of SS2 students on the GAT in the playful activity 

(treatment) classrooms is not significantly different from that of SS2 

students in the lecture (control) classrooms 

Ho2. Male SS2 control students’ achievement on the GAT does not 

significantly differ from that of female SS2 students in the playful activity 

(treatment) classrooms. 

Ho3. There is no significant difference between the achievement of male 

SS2 students on the GAT and that of female SS2 students in the lecture 

(control) classrooms. 

 

Method 

The researchers employed a quasi-experimental design to explore the 

influence of playful activities on students’ development of stages in the 
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understanding of school geometry. A sample of one hundred and fifty 

(150) senior secondary two (SS2) students was randomly taken and used. 

Further, 3 out of 118 public senior secondary schools were sampled and 

used. The researchers used cluster random sampling technique for the 

selection of the schools. That is to say that public senior secondary 

schools in the state of Taraba (118 0f them), were clustered into three, 

using senatorial zones i.e. schools in Taraba North, Taraba Central and 

Taraba South Senatorial zones. One school was selected from each of 

these clusters through randomization by balloting and the chosen 

schools were named schools 1, 2 and 3. To select research participants, 

the researchers used simple random sampling to take two intact classes 

of SS2 students from each of the 3 randomly chosen schools. All students 

in the randomly chosen intact classes took part in the study. The table 

below (table 1) shows the distribution of students according to the three 

schools selected for the study. 

 

Table 1: Distribution of participants According to Sampled Schools 

Schools                   1                                 2                                 3 

Classes             A             B               C                  D              E              F         Total 

Males              15           14            16                15            15           12             87 

Females          11           10             9                  10            12           11             63 

Total                26           24            25                25            27           23          1 50 

 

The next thing the researchers did was random assignment of these 

intact classes to either of two groups: treatment (experimental) or 

control. Accordingly, and through sampling by balloting, classes B, C and 

F were randomly assigned to the experimental group i.e. playful activity 

classrooms while classes A, D and E which were lecture classrooms, had 

their random assignment done to the control group. After treatment and 

lecture, two tests known as the Geometric Thinking Development Test 

(GTDT) and the Geometry Achievement Test (GAT) were administered. 

This test administration was done so that data would be collected. The 

GTDT was used to determine the geometric thinking development 

stages reached or acquired by these participating SS2 students while the 

GAT was used to obtain measures of their performance in geometry. 
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Both instruments, GTDT and GAT were validated by 3 mathematics 

teachers in the 3 selected schools and by 3 mathematics teachers in the 

3 selected schools and by 3 seasoned mathematics educators, one each 

from Taraba state University (TASU), Jalingo, Modibbo Adama University 

(MAU), Yola and Federal University of Agriculture (FUA), Makurdi. 

Reliability of the two tests was estimated by using the test-retest 

reliability approach. Pearson’s Product Moment Correlation Coefficient 

Method (PPMC) was used to obtain reliability coefficients of 0.88 and 

0.84 for GTDT and GAT respectively, indicating that the instruments are 

reliable. 

 

Experimental Procedure 

The researchers exposed participating students to two different kinds of 

instruction in order to obtain information on which to base 

investigational conclusions. The two kinds of instructions were plays and 

lecture. Participating students in the experimental group (EG) were 

exposed to instructions in which playful activities were used as methods. 

Their counterparts in the control group (CG) on the other hand, received 

instructions through the conventional lecture method. Teachers in the 

experimental or treatment classrooms were groomed, enabled and 

advised to use a seven-piece mosaic which can be used by children to 

playfully explore certain geometric shapes and their properties, such as 

symmetry, parallelism and area. Teachers were as well groomed to lead 

children use pieces of the mosaic puzzle to create objects (real world). 

Children were also  led to put two or more pieces together to make 

another piece. And so on. For participating teachers to properly handle 

this treatment, the researchers organized a two-week training exercise 

for them. The structure of the seven-piece mosaic puzzle and the 

research conditions were properly explained. The framework for 

thinking about the playful geometric activities was exhaustively 

explained to these teachers. Also, SS2 students were given instructions 

for four weeks. At the end of these instructions, two tests were 

administered. These were: 
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1. The Geometric Thinking Development Test (GTDT); which was 

used for determining the geometric thinking development stages 

for participating SS2 students and  

2. The Geometry Achievement Test (GAT) which was used to 

measure students’ achievement in geometry. Students’ scripts 

were marked, using the marking guide. Data analysis was done by 

using the mean and standard deviation for answering the research 

questions and the t-test statistic for testing the significance of the 

stated null hypotheses. 

 

Results 

This section of the research report is given to presentation and analysis 

of results. Tables have been used for this presentation. A research 

question precedes each table whose content answers such question. A 

research hypothesis follows the research question for testing at the 0.05 

significance level. The t-test statistic was used for this hypothesis testing. 

A statement follows the summary of each result, rejecting or accepting 

the stated null hypothesis. 

 

Research Questions 1 and 2. 

1. What are the geometric thinking development stages reached by 

senior secondary two (SS2) students in the playful activity 

classrooms? 

2. What are the geometric thinking development stages reached by 

senior secondary two (SS2) students in the lecture classrooms? 

Table 2 below depicts the geometric thinking development stages 

acquired by participating SS2 students in both treatment and control 

classrooms: 

Table 2: Geometric Thinking Development Stages Acquired by SS2 

Students 

Stages Acquired                 1                2              3              4                    Total 

Groups Treatment            18             27            18            13                     76 

Control                               20             40             9              5                       74 

Total                                   38              67           27            18                    150 
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From the table above, (table 2), it can be seen that 18 students in the 

treatment group developed the lowest geometric thinking stage i.e. 

stage 1. On the other hand, 20 students in the control group developed 

the same stage (stage 1). For the next lowest stage (stage 2), only 27 

treatment students developed it while up to 40 control students 

developed stage 2. The number of treatment students acquiring stage 3 

(classified as higher stage) is 18. But only 9 control students manage to 

develop the same stage 3. The highest stage in geometric thinking 

development, (stage 4), was acquired by 13 treatment students while 

merely 5 control students learnt geometry at the lower geometric 

thinking stages (i.e. stages 1 and 2) during this investigation. In 

comparison, 60 control students learnt their own geometry at the same 

lower geometric thinking stages (1 and 2). On the other side of the 

balance, a total of 31 students in the treatment group operated at higher 

geometric thinking stages (stages 3 and 4). In contrast, merely 14 

students in the control group managed to climb to higher geometric 

thinking stages (stages 3 and 4). Looking at this trend, it is observed that 

more control students operated at lower geometric thinking stages than 

treatment students. Conversely, less control students operated at higher 

geometric thinking stages than treatment students. 

3. What is the mean score of SS2 students in the playful activity 

classrooms? 

4. What is the mean score of SS2 students in the lecture classrooms? 

 

Table: Mean and Standard Deviation for Treatment and Control Groups 

Groups                  N                               Mean                          Standard Deviation 

Treatment            76                              3.07                                       2.20 

Control                 74                              2.80                                       1.64 

Difference                                               0.27                                       0.56 

 

From table 3 (above), we see that the treatment students have a mean 

score of 3.07 and their standard deviation is 2.2. Further, the control 

students have a mean score 0f 2.8 and their standard deviation is 1.64. 

Looking at the figures, a mean difference of 0.27 and a difference in 

standard deviation of 0.56 are spotted. These differences are indications 
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of the superiority or supremacy of the treatment group over the control 

group in achievement on the Geometry Achievement Test (GAT). 

5. What are the geometric thinking development stages of male and 

female students in the treatment classrooms? 

6. What are the geometric thinking development stages of male and 

female students in the control classrooms? 

 

Table 4: Geometric Thinking Development Stages for Male and Female 

Students 

Stages Acquired                                             1               2           3          4         Total 

Treatment Group                  Male                8              14        13        12         47 

                                                Female            10            13         5           1          29 

Control Group                       Male                10            19         7           4          40 

                                                Female            10            21         2           1          34 

Total                                                                38            67        27         18        150 

 

From the table above (table 4), it is clearly seen that just 8 male SS2 

students from the treatment group acquired the lowest geometric 

thinking stage (stage 1). On the other hand, up to 10 male SS2 students 

from the same treatment group developed this lowest thinking stage. In 

similar way, 14 male treatment SS2 students acquired the second lowest 

thing stage and 13 females were at the second stage. Going by this 

information, a total of 22 male treatment students were at lower thinking 

stages (stages 1 and 2) while 23 female treatment students were at these 

levels. This fact is interpreted to mean that there were more female 

treatment students operating at the lower stages of geometric thinking 

than there were male treatment students. With respect to the control 

group, the same number of male and female control SS2 students 

operated at the lowest stages of geometric thinking (10 each). Regarding 

the second lowest geometric thinking stage, 19 and 21 male and female 

control students were respectively operating at it. Summing these up, 29 

male control students operated at the lower geometric thinking stages 

(1 and 2) while 31 female control students were at these stages. Again, 

this is interpreted to mean that there were more female control students 

at the lower stages of geometric thinking. A further meaning for this is 
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that there were less male treatment and control students at these lower 

stages than there were female treatment and control students. Turning 

to the higher levels, 13 male treatment students were at stage 3 while 

only 5 were at the stage. In the control group, 7 male students were at 

stage 3 while only 2 managed to reach the stage. The highest thinking 

stage (stage 4) was acquired by 12 male treatment and 4 male control 

students. Only 1 female student each for treatment and control groups 

managed to climb this highest stage of geometric thinking. When 

summed up, 25 male treatment students climbed the higher geometric 

thinking stages (3 and 4) while 11 male control students were at these 

stages. There were more male treatment students on higher stages than 

there were male control students. Further, only 6 female treatment 

students were at higher stages and merely 3 female control students 

were on these stages. There were more female treatment students on 

stages 3 and 4 than there were female control students. The general 

trend is that more male students were on higher stages than females and 

more female students were on lower stages than males. 

7. What is the mean score of male SS2 students in the treatment 

classrooms? 

8. What is the mean score of male SS2 students in the control 

classrooms? 

9. What is the mean score of female SS2 students in the treatment 

classrooms? 

10. What is the mean score of female SS2 students in the control 

classrooms? 

Table 5: Mean and Standard deviation Scores for Male and Female 

Treatment and Control Groups 

Groups                 Sex                     N                  Mean            Standard Deviation 

Treatment           Male                  47                4.05                              2.11 

                             Female              29                 2.1                                2.02 

                             Difference                              1.95                               

Control                Male                  40                3.85                              1.99 

                             Female              34                2.23                              2.81 

                             Difference                             1.62 

 



 

TIMBOU-AFRICA ACADEMIC PUBLICATIONS 
AUG., 2021 EDITIONS, INTERNATIONAL JOURNAL OF: 

 

TIJERLS 292 

EDUCATIONAL RSEARCH & LIBRARY SCI. VOL.6 

ISSN: 1942-6754 

From table 5, a difference in mean of 1.95 is noticed between the mean 

scores of male and female treatment students. Similarly, a difference in 

mean of 1.62 is noticed between the mean scores of male and female 

control students. It is evident in both treatment and control groups that 

male students are superior to their female counterparts as disclosed by 

differences in mean scores. 

Next comes hypothesis testing at the 0.05 level of significance. 

Ho1: The achievement of SS2 students in the playful activity (treatment) 

classrooms on the GAT is not significantly different from that of SS2 

students in the lecture (control) classrooms. 

 

Table 6: Summary of t-test Analysis of SS2 Students’ Achievement in 

both Treatment and Control Groups 

Group             N       Mean       Std Deviation            t-cal         t-crit     df      Inference 

Treatment    76     3.07                2.20                     21.80       1.55    148   Significant 

Control         74    2.80                1.64 

 

Evidently, from table 6, students in the treatment group whose 

instructions involved playful activities, have higher mean score than 

students in the control group whose instruction involved lecture and 

passive listening. Further, the computed t-value of 21.80 far exceeds the 

critical or tabulated t-value of 1.55. The stated null hypothesis is therefore 

rejected. This is a disconfirmation of the statement that the achievement 

of SS2 students in the playful activity (treatment) classrooms on the GAT 

is not significantly different from that of SS2 students in the lecture 

(control) classrooms. 

Ho2: Male SS2 control students’ achievement on the GAT does not 

significantly differ from that of female SS2 students in the playful activity 

(treatment) classrooms. 

 

Table 7: t-test Analysis of Male and Female SS2 Students’ Achievement 

on the GAT Within the Treatment Group 

Gender     N       Mean       Standard Deviation     t-cal.         t-crit.     df      Inference 

Male         47     4.91                       2.10                 30.5          1.55      74    Significant 

Female    29     3.11                       1.81 
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Entries in table 7 (above) are indicating that the mean score for male 

treatment students is much higher than that of female students. Again, 

the computed value of t (30.5) is greater than the critical value of t (1.55). 

The null hypothesis earlier stated is therefore rejected. This means that 

there is significant difference in achievement between male and female 

students within the treatment group. 

Ho3: There is no significant difference between the achievement of male 

SS2 students on the GAT and that of female SS2 students in the lecture 

(control) classrooms. 

 

Table 8: t-test Analysis of Male and Female SS2 Students’ GAT 

Achievement Within the Control Group 

Gender     N       Mean    Standard Deviation     t-cal.         t-crit.     df      Inference 

Male         40     3.16                       2.33                 17.62     1.55      72    Significant 

Female      34     2.09                      3.08 

 

In a similar way, male control students’ mean score is greater than that 

of females in the control group. Also, the calculated value of t is by far 

greater than that of critical t (17.62 > 1.55). Therefore, the stated null 

hypothesis is rejected. This confirms the existence of a significant 

difference in achievement between male and female students within the 

control group. 

 

Summary of Findings 

1. More students in the lecture or control group (60) than students 

in the playful activity or treatment group (45) developed just the 

lower geometric thinking stages (stages 1 and 2). 

2. More students in the treatment group (31) than students in the 

control group (14) developed the higher stages of geometric 

thinking (stages 3 and 4). 

3. More control students operated at lower geometric thinking 

stages than treatment students while more treatment students 

operated at higher geometric thinking stages than control 

students 
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4. Treatment students (students in playful activity classrooms) had 

superior achievement to that of control students (students in 

lecture classrooms). 

5. There were more female treatment students on lower geometric 

thinking stages (23) than there were male treatment students 

(22). Similarly, there were more female control students (31) on 

lower thinking stages than there were male control students (29). 

6. There were more male treatment students on higher geometric 

thinking stages (25) than there were female treatment students 

(6). Similarly, there were more male control students on higher 

geometric thinking stages (11) than there were female control 

students (3). 

7. Generally, more female students in the whole investigation (54) 

were on lower stages of geometric thinking than males (51) while 

less female students in the whole investigation (9) were on higher 

geometric thinking stages than males (36) 

8. Achievement-wise and in both groups, (treatment and control), 

male students were superior to their female counterparts as 

evidenced by differences between their mean scores. 

9. There is significant difference between the achievement of 

students in playful activity (treatment) group and that of students 

in the conventional lecture (control) group. 

10. A significant difference exists between the achievement of male 

and female students within the treatment group 

11. A significant difference exists between the achievement of male 

and female students within the control group. 

 

Discussion 

A discovery was made from this study that quite a larger number of 

students in the lecture classrooms (control students), 60 out of 74, were 

only able to develop the lower stages of geometric thinking (stages 1 and 

2). A further discovery showed fewer treatment students (i.e. students 

in the playful activity classrooms), 45 out of 76, were on the lower 

geometric thinking stages. The meaning of this is that majority of 

students in the studied sample (105 out of 150) were on lower stages of 
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geometric thinking. In other words, 70% of participating SS2 students 

could only do their geometric thinking at lower stages. Just 45 out of 150 

participating students (30%) had their geometric thinking done at higher 

stages. Astonishingly, it was further discovered from this study that the 

geometric thinking stages of students were not only the determinants of 

the content of geometry these students could learn, they also 

determined how much geometry they could learn as measured by the 

investigational test (the GAT). A similar discovery was made by Balasa 

(2020). He reported, “Majority of students in the study area (i.e. 796 

students, representing 68.03%), operated on lower stages of geometric 

thinking and could only learn content of geometry meant for those lower 

stages (stage 1 and 2). A question to be asked is, are our practices in our 

geometry classrooms reflecting these discovered facts? I do not think so. 

This is because, most, if not all geometry instructions in our classrooms, 

are carried out such that learners are made to learn the same geometry 

content at the same time as if they are of the same stages of geometric 

thinking. This has a lot of implications for the teacher. 

Note should also be taken of the finding of this study concerning having 

higher number of control students on lower stages of geometric thinking 

than there are treatment students on those stages. This is a clear 

demonstration of the influence of instructions on the development of 

geometric thinking stages by students. Of particular mention is the case 

of having more treatment students climbing to higher geometric 

thinking stages than control students. This goes a long way in confirming 

the argument put forward by Van Hiele (1999), that instructions can be 

used to facilitate students’ movement from one stage of geometric 

thinking to the next higher one. 

The existence of a statistically significant difference between the 

achievement of the treatment students and that of the control students 

was another discovery made by this study. Superiority was spotted in 

achievement of the treatment students to that of the control students. 

Atebe and Schafer (2010), cited Uziskin as having had similar finding. 

Geometry teachers are therefore supposed to prefer playful activity 

methods of instructions to lectures. 
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A further discovery of this study was that there were more female playful 

activity students (treatment) on lower stages of geometric thinking than 

there were male treatment students. Similarly, there were more female 

control (lecture) students on lower geometric thinking stages than there 

were male control students. On the other hand, there were more male 

treatment students on higher geometric thinking stages than there were 

female treatment students. Similarly, there were more male control 

students on higher geometric thinking stages than there were female 

control students on those stages. All these are clearly pointing to the fact 

that gender was a factor in movement from one geometric thinking 

stage to another. In a previous study, Senk (2009) reported that 

students’ stages of geometric thinking positively correlated with their 

proof-writing abilities in geometry. He, however, did not find any 

correlation between gender and proof-writing. Senk’s finding here is 

thus in disagreement with that of current researchers. 

A striking discovery was made too of the existence of a significant 

difference between the achievement of male and female students not 

only within the treatment group but also the control. In either the 

treatment or control group, male students were found to be superior to 

their female counterparts in achievement. The findings of Atebe and 

Schafer (2010) and Tieng and Kwan Eu (2015), with respect to gender, 

were similar to those of current researchers. 

When one takes a look at the Geometry Achievement Test (GAT) results, 

one notices that there are differences in scores just as there are 

differences in thinking stages. That is to say that lower scores tend to go 

together with lower geometric thinking stages while higher scores tend 

to go together with higher geometric thinking stages. More explicitly 

put, students that operated on lower stages of geometric thinking had 

low scores on the GAT while students that operated on higher stages of 

geometric thinking had high scores on the GAT. This discovery confirms 

an earlier claim by Van Hiele (1986) that thinking in the learning of 

geometry is in levels and that the levels are in a hierarchy. In a study on 

the impacts of undergraduate mathematics courses on college students’ 

geometric reasoning stages, which investigated possible effects of 

different college level mathematics courses on college students’ Van 
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Hiele levels of geometric understanding, the findings of Aydin and Halat 

(2009) were in line with this result. These researchers discovered that 

students taking logic/proof writing courses climbed to higher reasoning 

stages than stages reached by students taking other college level 

mathematics courses, suggesting stages in geometric reasoning and 

hierarchy of the stages. 

 

Educational Implications of the Findings 

The findings of this study have serious implications for the following sets 

of people: 

i) Students; 

ii) Teachers; 

iii) Educators; and 

iv) Curriculum planners. 

 

As a first discovery, this study found that greater number of students in 

the sample of interest (105 of them, representing 70%), did the thinking 

of their geometry on lower stages of geometric thinking and could only 

learn geometric content that was meant for those lower stages. This 

means that merely 30% of the participants were able to do their 

geometric thinking at higher thinking stages (and were able to learn the 

geometry that was associated with those stages). A very small number 

of these participating students, just 45 out of 150, learnt higher stage 

geometry. A disturbing information obtained from the literature is that 

geometry students thinking at lower stages of geometric thinking may 

not learn the content of geometry at higher thinking stages. This has far 

reaching implication for the classroom. The implication is that teaching 

and learning of school geometry should be stage-based. In other words, 

the content of geometry to be learnt should match the geometric 

thinking stage of the learner. Unfortunately, classroom practices in the 

area of this investigation (Taraba State) are such that students are 

taught the same content of geometry as if they all belong to the same 

stages of geometric thinking at the same time. Learning problems can be 

expected from such practices since some students are made to learn the 

content of geometry for which they are not ready. 
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Many students in the study had problem of shapes recognition. Such 

students could only recognize shapes in given standard orientations. 

They were unable to recognize shapes on the basis of their properties. 

Such students need to be made to realize that shapes in geometry are 

always defined by their properties and not by their positions in space. To 

help learners define shapes according to properties, not according to 

orientations, teachers should design geometric activities that will create 

opportunities for learners to really explore properties of geometric 

shapes in many and varied orientations. 

 

Conclusion 

In this study, conclusion was reached that: 

1. More students in the lecture or control group (60) than students 

in the playful activity or treatment group (45) developed just the 

lower geometric thinking stages (stages 1 and 2). 

2. More students in the treatment group (31) than students in the 

control group (14) developed the higher stages of geometric 

thinking (stages 3 and 4). 

3. More control students operated at lower geometric thinking 

stages than treatment students while more treatment students 

operated at higher geometric thinking stages than control 

students 

4. Treatment students (students in playful activity classrooms) had 

superior achievement to that of control students (students in 

lecture classrooms) 

5. There were more female treatment students on lower geometric 

thinking stages (23) than there were male treatment students 

(22). Similarly, there were more female control students (31) on 

lower thinking stages than there were male control students (29). 

6. There were more male treatment students on higher geometric 

thinking stages (25) than there were female treatment students 

(6). Similarly, there were more male control students on higher 

geometric thinking stages (11) than there were female control 

students (3). 
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7. Generally, more female students in the whole investigation (54) 

were on lower stages of geometric thinking than males (51) while 

less female students in the whole investigation (9) were on higher 

geometric thinking stages than males (36). 

8. Achievement-wise and in both groups (treatment and control), 

male students were superior to their female counterparts as 

evidenced by differences between their mean scores 

9. There is significant difference between the achievement of 

students in playful activity (treatment) group and that of students 

in the conventional lecture (control) group 

10. A significant difference exists between the achievement of male 

and female students within the treatment group 

11. A significant difference exists between the achievement of male 

and female students within the control group. 

 

Recommendations 

Based on the findings of this study, the following recommendations 

were made: 

1. In the teaching of school geometry, teachers should ensure that 

the content of geometry meant for learning matches the 

geometric thinking stages of learners 

2. Students’ geometric thinking stages should be determined so as 

to plan instructions whose geometric contents are stage-based 

3. The geometry curriculum needs to be re-planned such that 

content and sequencing will fit into the geometric thinking stages 

of learners 

4. Instructions should be designed such that the terminology having 

to do with a given geometric content is not only taught, but is also 

presented such that learners who have a correct verbal 

description of a concept in geometry also have a correct concept 

image associated with that concept and vice versa 

5. Geometry teachers are supposed to be preparing and presenting 

various geometrical activities that will create opportunities for 

students to explore or investigate the properties of simple 

geometric shapes in many, different orientations. 



 

TIMBOU-AFRICA ACADEMIC PUBLICATIONS 
AUG., 2021 EDITIONS, INTERNATIONAL JOURNAL OF: 

 

TIJERLS 300 

EDUCATIONAL RSEARCH & LIBRARY SCI. VOL.6 

ISSN: 1942-6754 

6. Students are advised to use the findings of this study to positively 

adjust their stages of geometric thinking in order to boost their 

learning and achievement in school geometry 

7. Geometry educators are equally advised to use the findings of this 

investigation to acquaint themselves with information that will 

guide them in the proper selection, organization and presentation 

of materials to geometry teachers who in turn will acquire 

information regarding the best way of selecting stage-based 

content of geometry and suitable methods of instructions. 
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