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Abstract
This study investigated the effectiveness of spatial-visualization-based instruction on the mathematical problem-solving performance of 35 mathematics education students using one-group pretest-posttest quasi-experimental design. It also aimed to describe how spatial visualization is
applied in solving mathematical problems. The findings of the study revealed
that spatial-visualization-based instruction improved the mathematical problem-solving performance of students. The spatial-visualization ability can be
applied in solving mathematical problems.
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1. Introduction
Mathematics is an abstract science. Oftentimes, students find difficulties in
learning the subject because of the complexity of using symbols and computations. Also, students tend to forget previously learned concepts and skills that
are necessary for the new skills to be learned. As a result, students lack the
needed knowledge and comprehension to advance to the next level of study.
Since mastery of mathematics is a key literacy component that influences
children’s success in education and in future society [1], teachers focused on
enabling children to succeed at school [2]. Some teachers venture on a very
unique method of teaching that provides a meaningful, enjoyable and engaging
experience to learners [3]. Others are creative in their thinking and in their approaches [4] as cited in [5] in order for their students to learn better. Likewise,
teachers must also assist students by designing and developing instruction which
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can help in concretizing every mathematical concept. Students may understand
the concept if they clearly see the idea of using concrete things such as mathematical tools, visuals, and models. But still, there are students who fail to look
into the appropriate use of visuals and models because of poor, incomplete or
wrong illustration such as labeling and use of appropriate figures. Thus, they end
with poor understanding and incorrect solutions to problems.
“Teaching students how to solve word problems remained the most difficult
assignment facing mathematics teachers” [6]. Researchers have long been engaged in the development and testing of teaching strategies that could be used in
teaching problem solving and a review of their findings indicates inconclusive or
conflicting results.
Problem-solving performance may be a function of the spatial visualization
ability, an intellective factor. Spatial visualization has been found as a mediator
in problem-solving. The author in [7] “concluded that the use of schematic spatial representations was associated with success in mathematical problem solving”. Several other studies have shown that spatial ability is required for success in
mathematics. Spatial-visualization ability correlates highly with problem-solving
performance. However, very few, if ever, of these studies dealt in training spatial
visualization and how these pieces of training affect problem-solving ability of
students, particularly in the field of mathematics.
Logical-Mathematical intelligence is the ability to think logically, detect patterns, scientific reasoning and deduction; analyze problems, perform mathematical calculations and understand the relationship between cause and effect towards a tangible outcome or result. Whereas, Spatial-visualization intelligence is
the ability to interpret and create visual images; pictorial imagination and expression; understand the relationship between images and meanings, and between space and effect. A person who is weak spatially and strong numerically
will be more likely to develop spatial ability if it is explained and developed by
using numbers and logic and not by asking them to pack a suitcase in front of an
audience [8]. Hence, a person can have more than one intelligence and so, be
logical-mathematically and spatial-visually intelligent at the same time.
Without well-developed spatial ability, a person may encounter serious problems affecting one’s academic pursuit or career. The researchers in [9] emphasized that findings from the experimental studies thereof have established evidence that the spatial visualization ability is trainable when pieces of training are
designed with a specific focus in this ability Hence, it appears that spatial ability
is a highly trainable aptitude and is linked with the problem-solving performance. Such was supported by [10] when she has stated that in the event that
interventions have occurred to improve the spatial-visualability of students,
pieces of training have been successful.
Hence, premises considered, this study was conceptualized to describe how
spatial-visualization ability can be developed in spatial-visual-based instruction
and how such can be used in mathematical problem-solving.
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2. Methods
The study employed the one-group pretest-posttest quasi-experimental design
wherein “a single group of participants or subjects undergoes pretest and posttest”. The pretest is given at the beginning of the treatment or independent variable manipulation. The posttest is given at the end of the treatment. “If there exists a significant difference between the pretest and posttest scores, such may be
attributed to the independent variable” [11] as cited in [12].
The subjects of this study were 35 mathematics education students who
formed an intact class. Informed consent was secured from them by the researcher before the conduct of the experiment in observance of the ethical considerations. The experiment was conducted within three weeks.
The Problem Solving Test in Mathematics (PSTM) and Solving Mathematical
Problems the Spatial-Visual Ways Plan (SMP-SVW) were used as instruments of
the study. The PSTM is a 24-item teacher-made test designed to measure the
problem-solving performance of the subjects before and after the instruction. It
contains items on age, distance, motion, geometry and work-related problems. It
is a multiple choice type of test with four options provided in each item. The test
underwent a test of validity and reliability.
On the other hand, the SMP-SVW consists of tasks on Transformations, Topological Relations, Projective Representation, Conservation and Frames I & II,
Embedded Figures, Grid and Percent It, and Shape-to-Shape. Five of these were
performed individually, while the remaining tasks were performed by the group.
This served as the basis for the design of the Spatial-Visualization-based class,
which lasted for ten sessions.
Frequency count, percentage, weighted mean, and t-test were used as statistical tools. The experimental procedure lasted for 10 weeks.

3. Results
3.1. Students’ Performance before the
Spatial-Visualization-Based Instruction
Student’s performance in solving mathematical problems before the spatial-visualization-based instruction is presented in Table 1.
Fifteen (42.9%) got scores within the interval of 5 - 9, which may be verbally
interpreted as fairly satisfactory. There were 14 (40.0%) who got scores ranging
from 10 to 14, which means that they satisfactorily performed in the pretest.
Only six (17.1%) performed very satisfactorily having scores within the interval
of 15 - 19.
Upon examining the responses of the students, it was found that many of
them leave some items blank, without any attempt to answer the test items.
Some made responses by simply writing the given data drawn from the problems, while some made attempts on answering by stating what they considered
as relevant and appropriate formula, carried on the computations straight away
and made some sketches of figures. However, examining the figures sketched, it
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can be deduced that they did not know how to apply their spatial-ability in solving the problems. That is, they had drawn inappropriate figures, and if appropriately drawn, such figures were incorrectly labeled. Further, they cannot discriminate symbols well.
In their study, the authors in [13] discussed that “difficulties in mathematics
problem solving can be caused by major mathematics skills and cognitive abilities in learning. Data findings showed that students lacked in many math skills
such as number-fact, visual-spatial and information skills”. The deficiency of
these mathematics skills and also of cognitive abilities in learning inhibits the
mathematical problem-solving. It follows that students with a deficiency in visual-spatial skill have a low probability of performing well in mathematical problem-solving. Further, [14] found that “learners with low spatial abilities are more
challenged geometry learners. Hence, it was identified that instructional activities with a focus on fostering spatial abilities must be included in the instruction”.

3.2. After the Spatial-Visualization-Based Instruction
Students’ performance in solving mathematical problems after spatial-visualizationbased instruction is presented in Table 2.
Notice that 20 (57.1%) students did an excellent performance in the posttest
with scores that ranged from 20 to 22, while 14 (40.0%) showed very satisfactory
performance with scores that ranged from 17 to 19. Only one (2.9%) performed
satisfactorily.
Table 1. Performance of the students before the spatial-visualization-based instruction.
Score

Verbal Description

Frequency

Percent

0-4

Needs Improvement

0

0.00

5-9

Fairly Satisfactory

15

42.9

10 - 14

Satisfactory

14

40.0

15 - 19

Very Satisfactory

6

17.1

20 - 24

Excellent

0

0.00

35

100%

Total

Table 2. Performance of the students after the spatial-visualization-based instruction.
Score

Verbal Description

Frequency

Percent

0-4

Needs Improvement

0

0.0

5-9

Fair

0

0.0

10 - 14

Satisfactory

1

2.9

15 - 19

Very Satisfactory

14

40.0

20 - 24

Excellent

20

57.1

35

100.0%

Total
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The improvement as to the scores of the students can be deduced from the
data gathered. Such result of the study is similar to the result of the study conducted by [15] as they investigated on the effects of a spatial intervention on the
calculus performance of students who failed a mental rotation (MR) test. It was
found out that their performance was improved after being subjected to the intervention.
The students’ solutions contained responses showing properly labeled illustrations, figures with reasonable proportion as to measurements/dimensions of its
parts. Many students resorted on the use of drawings and illustrations on solving
the problems rather than merely performing computations and applying formulas.
For instance, on solving a time problem, one of the students applied the use of
number lines in answering. He used two lines to represent separately the dates it
took for the subjects to do a task. Both lines started from zero and changed in
positions relative to the dates. Both were correctly accompanied with the given
numbers, as indicated in the problem. The changes in the dates at a time were
described using lines with arrowheads until the student came with the common
date, which reflected his final answer, the correct answer.

3.3. Comparison of the Performance of Students on Solving
Mathematical Problems before and after the
Spatial-Visualization-Based Instruction
Table 3 shows the comparison of the performance of students on solving mathematical problems before and after the spatial-visualization-based instruction.
The computed t value of 18.84 is significant at 1% level, hence, there is enough
statistical evidence to conclude that there is a significant difference between the
mean scores of the students in the pre-test and post-test. Therefore, the performance of the students after the visual-spatial instruction is significantly better
than their performance before the same.
Applying Transformation on solving mathematical word problems, spatial-visualization ability may be applied by choosing as to which among the reflection, translation, or rotation may be used. Such can be applied in answering
problems on graphs. On the other hand, on solving a problem on the reflection
of a triangle, an illustration was drawn, with y-axis as the line of reflection and
thus justified that the image formed on the right side of it with vertices, as in the
case, A’, B’, and C’ was the reflected image of the pre-image with corresponding
vertices, A, B, and C, respectively.
In the case of translating a parabola, an illustration was made to show the difference between the graph of a quadratic equation before the translation and its
graph after the translation, the graph is accompanied by correct labels which
suggest clarity of the solution of the problem. The integers along the two axes
clearly suggest the location of the possible coordinates in the Cartesian plane,
most significant of which is the vertex of the translated graph. The vertices of the
graph before and after translation were correctly located.
DOI: 10.4236/jamp.2019.73041
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Table 3. Comparison of students’ performance before and after the spatial-visualization-based
instruction.
Test

Pretest

Posttest

Mean

10.9429

20.0857

Variance

13.3496

4.1983

t – stat

18.84**

**difference is significant at 0.01 level.

On solving a Geometry problem involving Similar Triangles, instead of simply
performing computations, a student drew two triangles that were correctly labeled by corresponding measurements. Such facilitated the ease of determining
the missing values that were needed to be determined in order to solve for the
perimeter of one of the triangles.
In another mathematical problem, specifically Percentage problem, one student used a 10 by 10 grid to answer the problem as to the amount of rainfall a
particular place was receiving in a certain month. A portion of the grid
represents a certain quantity which is indicated in the shaded region. The whole
grid represents the quantity being asked based on the quantity represented by
the shaded region. The student was able to use a grid to solve the mathematical
problem without performing computation and algebraic manipulation.
It can, therefore, be deduced that mathematical problems can be answered by
applying the spatial-visualization ability. That is, instead of traditionally identifying formula, performing algebraic manipulations, and carrying out computations, illustrations and figures can be used. Spaces, symbols, and dimensions can
be used to answer mathematical problems. However, since not all students know
how to apply such ability, teaching them how to do so may be considered as in
the present study. An instruction that is spatial-visual-based may be considered.
The findings of the study are similar to that of [16] as they reviewed the evidence as to the effectiveness of spatial training on Science, Technology, Engineering, and Mathematics (STEM) achievement and degree attainment. It was
found that spatial training increased students’ success in STEM fields and such
training consequently improve retention, achievement, and degree attainment.
Further, the findings of the study conducted by authors in [17] show that the
mathematical spatial visualization ability of students who are exposed to intervention has high improvement level on overall mathematical knowledge. Similarly, [18] studied the use of visual imagery and its relationship to spatial visualization ability of the students while solving mathematical word problems. The
use of visual images was found to be significantly correlated with spatial visualization measure. Such was also found to be positively correlated with higher mathematical word problem-solving performance.

4. Conclusions and Recommendations
Results of the study imply that spatial-visualization-based instruction improves
DOI: 10.4236/jamp.2019.73041
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the mathematical problem-solving performance of students as shown by their
better and improved scores in the problem-solving test. In addition, the students
learned how to use their spatial-visualization ability in mathematical problem-solving. As stated by [19] “visualization is a reasoning activity in mathematics”.
As to recommendations, teachers of mathematics subjects may look into the
possibility of incorporating the use of spatial-visualization into their content
courses. This calls for the introduction of teaching mathematics using the integration of spatial visualization. The use of visuals and illustrations as well as
mathematical models and materials to manipulate during class discussion may
also provide them experiences that lead to learning. This may give way in providing an atmosphere which will encourage active exploration. However, since
this study employed only one group of pretest-posttest quasi-experimental design, the researcher recommends the conduct of a replication of the study using
two groups of respondents—an experimental and a control group.
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