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INTRODUCTION 

Solid mensuration is highly important in engineering and architecture and is used extensively in engineering. 
Using mensuration is necessary for engineers in any project and understanding objects in three-dimensional space helps 
engineers create models and scenarios, and solve problems mathematically before actually using or building any object. 
Some lessons in solid mensuration are too complicated to analyse, so it is difficult for the students to understand the 
subject.  

Solid mensuration is one of the major mathematics courses in the engineering curriculum in the Philippines and is 
a pre-requisite for differential calculus. Many studies reveal that students perform badly in many mathematics subjects, 
such as calculus and solid mensuration [1-4]. 

In past years, students were exposed to the traditional method of learning the course [2]. The lessons were presented in 
a lecture format, where the teacher explained new concepts and then provided examples of the new concepts. The only 
instrument of instruction was a textbook, which was used as a standard source of information for formal study of 
a subject and an instrument for teaching and learning [5]. Furthermore, in most cases, teachers put emphasis on the 
traditional approach to teaching the subject, which focused on computational procedures rather than understanding the 
underlying concepts. As a result, students viewed the subject as boring and strictly procedural; at the end, many failed to 
manifest proficiency in the subject, moreover they did not know how to apply concepts in real-life situations [2][6-8].  

With the current shift from inputs-based education (IBE) to outcomes-based education (OBE), particularly at the tertiary 
level, it is necessary for the teachers to carefully design activities placing the students at the centre of the education. It is 
believed that applying OBE in the classroom will help students really understand the lesson, since they are now the 
centre of the teaching and learning process [9][10]. Teachers handling solid mensuration must, therefore, use instruction 
suited to the level of understanding of their students. They must employ current instructional materials as tools to make 
instruction more effective, efficient and appealing to the learners. 

One way to enhance instruction is to provide the learners with carefully developed lessons. Teachers must design 
activities that engage students in the learning process, activities that build mastery of concepts in solid mensuration and 
consequently, activities that support learners with varying levels of ability and skills. Numerous studies over the years 
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have introduced a range of instructional materials such as work texts, workbooks and modules to meet the learners’ 
needs and equip them with skills required for their level [11-13]. 

It is recognised that there is a need for more effective supplementary material. Reported in this article is the 
development of simplified instructional outcome-based education material (OBEdized material) for solid mensuration, 
to enhance students’ learning and to stimulate their interest in the subject. 

Obedized Work Text for Solid Mensuration for Engineering Students 

The obedized work text for solid mensuration includes six chapters and 14 lessons. The content covers cubes, 
rectangular parallelepipeds, prisms, right circular cylinders, pyramids, cones, frustum of regular pyramids, prismatoids, 
truncated prisms, truncated cylinders, surface area and volume of a sphere; a zone including spherical segment and 
spherical sector, and Pappus’s theorem.  

Each chapter consists of the following: 

1) Topic, which is the lesson to be learned.
2) Learning outcomes, which describe what the learner should know and be able to do at the end of each lesson.
3) Concept development, which allows students to investigate, explore and discover concepts on their own.
4) Key concepts, which is a summary of ideas or concepts drawn from students’ discovery, investigation and

exploration.
5) Guided practice, which serves as an approach to instruction where the teacher leads the activity but solicits help

from students.
6) Self-test, which consists of items for additional drill and practice.
7) Evaluation to assess students’ learning.

The format of the work text was carefully designed to capture easily the attention of the learners. 

METHOD 

Adopted in this study was a quasi-experimental method of research. Specifically, a pre-test and post-test of matched 
group in which two different learning environments were compared to measure whether the use of the obedized work 
text improved the achievement of engineering students in the Solid Mensuration course. The experimental group was 
taught using the obedized work text, while the control group was taught using the textbook in solid mensuration. 

Twenty-five participants were taken from each of the engineering classes in solid mensuration and were grouped into 
two: the experimental group and the control group. The participants of the two groups were identified and carefully 
matched based on their average grade in college algebra and plane and spherical trigonometry, which are pre-requisites 
for solid mensuration. Students with an average grade of 76-90 were included in the study. The result of the pre-test 
administered before the conduct of the study was also considered in the selection.  

Research Instrument 

In this study, a pre-test/post-test was administered to the student respondents. The pre-test/post-test was piloted for 
validation to the students who had already finished solid mensuration. The pre-test/post-test consisted of 45-item 
multiple choice questions that specifically measured competencies required of students of solid mensuration.  

Data Gathering Procedure 

1. Pre-treatment phase: the researchers made use of the course syllabus in solid mensuration to review the
competencies of the course as a basis for formulating the learning outcomes. Also, survey of books available at the
university library, an interview with experts, library work and use of the Internet were employed for concept
development and drill activities to come up with the initial draft of the obedized work text in solid mensuration.
It is composed of Topic, Learning outcomes, Key concepts, Guided practice, Self-test and Evaluation. Lessons
were organised based on the course syllabus to ensure the content was sufficient and the examples progressive.
The initial draft of the proposed work text was presented to experts to elicit suggestions and comments regarding
the course content, manner of presentation and usefulness of the material. Refinement in the proposed work text
was made based on the evaluation, comments and suggestions of the experts. A pre-test was administered to both
experimental and control groups before the use of the proposed work text, to initially determine the extent of
knowledge on the topics to be introduced to them.

2. Treatment phase: the proposed work text was utilised by the experimental group for 33 hours for a total of 22
meetings. The control group was taught using the textbook for solid mensuration for the same duration.
Throughout this period, the lessons, referenced through Internet sites for additional information and learning
conditions, were the same for both groups. Parallel items in the quizzes and assignments were administered.
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3. Post-treatment phase: after the topics had been taught through the proposed obedized work text in the experimental
group and the textbook in the control group, the same post-test was administered to the two groups. Their scores
were evaluated and compared to determine if there was any significant difference.

Data Analysis 

A pre-test/post-test results scale was used in interpreting the pre-test/post-test results of the student respondents 
(see Table 1). 

Table 1: Pre-test/post-test results scale. 

Range Qualitative description 
40 - 45 E (Excellent) 
34 - 39 VG (Very good) 
28 - 33 G (Good) 
22 - 27 F (Fair) 
0 - 21 P (Poor) 

A t-test for independent samples was applied. It was employed to test the significant difference between the pre-test 
scores of the control group and the experimental group, and post-test scores of the control group and the experimental 
group. Also, the t-test for dependent samples was applied. This was used to test the significant difference between the 
pre-test and post-test scores of the control group and the pre-test and post-test scores of the experimental group. 

RESULTS AND DISCUSSION 

Table 2: Pre-test and post-test mean performances of the control and experimental groups. 

Scores 
Control group (n = 25) Experimental group (n = 25) 

Pre-test Post-test Pre-test Post-test 
F % F % F % F % 

40-45 (E) 
34-29 (VG) 20 80.00 
28-33 (G) ` 4 16.00 5 20.00 
22-27 (F) 3 12.00 18 72.00 3 12.00 
0-21 (P) 22 88.00 3 12.00 22 88.00 
Total 25 100.00 25 100.00 25 100.00 25 100.00 
Mean scores 16.96 (Poor) 25.08 (Fair) 16.64 (Poor) 34.20 (Very good) 

As shown in Table 2, 88% of the respondents in the control group and experimental groups had poor performance and 
12% had fair performance in the pre-test. Both groups obtained a pre-test mean score interpreted as poor. The value 
indicates that both groups are not adequately prepared for the important concepts in solid mensuration. As shown also in 
Table 2, the control group obtained a post-test mean score of 25.08 interpreted as fair, while the experimental group 
obtained a post-test mean score of 34.20 interpreted as very good. 

The findings indicate that there was an improvement in the performance of the experimental group in solid mensuration 
after exposure to the obedized work text, because 100% in the experimental group performed above the range of fair 
performance in the post-test as compared to the control group with 16%. The results indicate that the use of the 
proposed work text for solid mensuration contributes to the improvement of students’ performance in solid mensuration. 

The result is supported by previous studies that instructional materials contribute to the achievement of objectives of the 
subject and provide for the development of higher cognitive skills [14][15]. The results are also affirmed by the findings 
of previous studies that effective utilisation of instructional materials helps maximise the chances of student participation 
and improves students’ performance in academic assessments [16][17]. 

Table 3: Test for significant difference in the pre-test performance of the control and experimental groups. 

Groups N Mean SD t-value p-value Interpretation 
Control group 25 16.96 2.64 0.341 0.736 Not significant Experimental group 25 16.64 3.38 

The p-value of 0.736 (see Table 3) reveals there was no significant difference between the pre-test scores of the groups. 
Therefore, the groups were essentially equal in terms of their pre-entry concepts in solid mensuration, revealing that 
students in the experimental and control groups were equivalent. 
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Table 4: Test for significant difference in the post-test performance of the experimental and control groups. 

Groups N Mean SD t-value p-value Interpretation 
Control group 25 25.08 3.187 -11.863 0.000 Significant Experimental group 25 34.20 2.614 

The p-value of 0.000 in Table 4 reveals that the post-test mean performances of the two groups differed significantly. 
The post-test mean score of the experimental group was significantly higher than the control group; therefore, it can be 
concluded that the experimental group performed better than the control group. Hence, the use of the proposed work text 
was effective in improving the performance of the students in solid mensuration. Other studies also affirmed that 
instructional material was found to be effective in improving students’ understanding and performance [9][12][14]. 

Table 5: Test for significant difference between the pre-test and post-test performances of the control and experimental 
groups. 

Groups Test Mean Mean difference t-value p-value Interpretation 

Control group Pre-test 16.96 8.12 -9.67 0.000 Significant Post-test 25.08

Experimental group Pre-test 16.64 17.56 -23.052 0.000 Significant Post-test 34.20

As shown in Table 5, the pre-test mean score of the control group was 16.96, while the post-test mean score was 25.08. 
The difference of 8.12 in the pre-test and post-test mean scores reflects a significant increase in the performance of the 
students in the control group. The p-value of 0.000 indicates that the mean score after the experiment was significantly 
higher than the mean score before the experiment. A similar result was observed for the experimental group. The mean 
difference of 17.56 provides evidence that the performance of the students in the post-test was higher than in 
the pre-test. 

The p-value of 0.000 reveals a significant difference in the pre-test and post-test scores of the students. The students in 
the experimental group achieved higher scores than the control group, as seen in the results of their mean difference. 

The result clearly shows that that the obedized work text in solid mensuration helped in improving the students’ 
performance in the experimental group. The results of this study are consistent with the findings of previous studies that 
the use of instructional material in the teaching and learning process was found to be significant in affecting the 
performance of the students [14][18][19]. Further, modules were valid as instructional material, as revealed by the high 
performance of the experimental group in their pre-test and post-test results [20]. 

CONCLUSIONS 

The application of the obedized work text in teaching solid mensuration is effective in improving engineering students’ 
achievement in solid mensuration. It is recommended that mathematics instructors teaching engineering are encouraged 
to develop their own instructional materials to facilitate better teaching and learning.  
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