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Abstract

Spatial visualization ability (SVA) is claimed to influ-
ence students achievement in numerous technical fields. This
research aims to establish a conceptual framework of a study
on the significant impact of the spatial visualization abil-
ity achievement scores (independent variable) to the quan-
tification course achievement (dependent variable) among
Malaysian public university students in Quantity Surveying
Programme. To form the research conceptual framework,
literature review on spatial visualization ability aspects and
academic achievements were broadly conducted. In this re-
view, the independent variable consists of SVA (cognitive
ability), cognitive style, learning style and teaching style
while the dependent variable involves of quantification grade
points, pre and post test scores which are used to measure
the students quantification course proficiency.

Key Words:Spatial Visualization Ability; Quantifica-
tion; Achievement.



International Journal of Pure and Applied Mathematics Special Issue

1 Introduction

Quantification and costing of building works has been considered as
one of the core subject in the syllabus of the quantity surveying pro-
gramme. It is the most crucial course to be taught to the quantity
surveying students for the purpose of students anticipated technical
skill (Measurement of Construction Works) and knowledge require-
ments for quantity surveying profession and future employment in
the industry (1-3). Spatial visualization ability (SVA) is claimed
to effect students achievement in numerous technical fields such as
engineering, chemistry, medical surgery, and computer animation
(4-10).

In general, according to(11) imagination to visualize is one of the
human cognitive skill to view mental images, sway, swivel, change
and convert two or three dimensional visual stimuli. In everyday
life situations, it has long been recognized that natural ability to
visualize is crucial to several scientific and engineering activities
(12). In such scenario, previous studies observed visualization as
very crucial aspects in spatial ability (11, 13, 14). Basically, accord-
ing to Maier (cited in(15), there are five components of spatial skills
such as spatial perception, spatial visualization, mental rotations,
spatial relations and spatial orientation.

Although there are many previous literatures about spatial vi-
sualization (SVA), it is not focusing too much on the quantity sur-
veying field. Essentially, quantity surveying profession is not specif-
ically limited to quantifying, however, it is technical profession re-
lated to architecture that involved skill to interpret technical and
engineering drawings. In order to quantify the quantities of the
items shown in the drawings thoroughly, the quantity surveying
scope of work requires the ability of the profession to fully under-
stand the two dimensional (2D) drawings prepared by the architect
or engineer and able to form it mentally in three dimensional (3D)
view. This view is supported by(16) who writes that it is a benefit
for the quantity surveyor to be able to visualize and rotate designs
in 3D as they can see all the details that conventional 2D drawings
unable to provide.

Previous studies have clarified the relationship between spa-
tial visualization ability and academic achievements, however, the
prior research have not specifically emphasized in the quantification
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course. To be specific, the importance of the relationship between
lacking necessary ability factor such as spatial visualization and stu-
dents non-performance in quantification course achievements that
may jeopardize the future production of good and exceptional quan-
tity surveyor is still arguable. Therefore, to address the key fac-
tors of quantification proficiency issue, it is an urge to determine
the relationship between lacking of cognitive-specific ability such as
spatial visualization ability and the students achievement issue in
quantification.

2 Literature Review

Apparently, a preliminary review of related data is necessary to
establish the known extent of the quantification ability (essential
attributes and qualities for the quantification skills) and learners
achievement issue. It is important to identify the real factors which
may affect students performance in quantification course. In tack-
ling the problem, the following key terms are discussed to achieve
the aforementioned goals (as shown on Figure 1 and Figure 2).

_———— LITERATURE REVIEW \
wory [SVA]

Figure 1. Research Strategy Chart

In addressing the most effective ways in teaching and learn-
ing (pedagogical) as well as to identify the research gap, Figure 1
emphasized on several factors such as relationship between the stu-
dents characteristics and quantification achievement (11, 17, 18) in
terms of mental ability (cognitive level), cognitive style (field inde-
pendent and field dependent types), demographics background and
learning style (specific teaching and learning approach).
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Cognitive Abllity: Spatial Visualization Ability 1| skills and Ability

Learning and
Performance Theory
{Hunter, 1986)

er's Achievement in Various Fields
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Figure 2. Breadth and Depth of Research

Furthermore, based on the previous published models and re-
lated theories(11, 18-20), Figure 2 summarizes the potential rela-
tionship between variables and the significant of the most effec-
tive learning approach to deal with variety types and character-
istics of students cognitive ability differences(21), cognitive style
differences (22, 23), learning style differences(24) and demograph-
ics background differences (25). At the end of the research, the
research aims to propose a model known as definitive teaching and
learning adaptation (DTLA) for quantification course that meet
to solve current issues in terms of 1) individual ability such as stu-
dents different characteristics in terms of cognitive ability, cognitive
and learning styles, and 2) educational productivity and academic
outcomes (identification of an effective teaching and learning ap-
proach).

2.1 Spatial Visualization Ability Versus Quan-
tification Achievements

(26) highlights the actual indications that lead to the lacking of
necessary ability factors which may affect graduates performance in
quantification are still puzzling. The researcher questions whether
cognitive-specific ability can be seen as a major indication of stu-
dents non-performance in the quantification and whether it will af-
fect the potential of ready-to-work graduates. Thus, to fully specify
the issue, Fortune & Skilmore (1994) lists the following key ques-
tions such as 1) what are the necessary potential skill characteristics
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(cognitive-specific ability) to carry out the quantification task? and
2) How are they acquired?

Recently, the quantification grade point and students achieve-
ment examination results review of one of the public university run-
ning quantity surveying courses at diploma level discovered that the
students achievement were only at a satisfactory level (Academic
Affair, 2016). Apparently, the beginners students were facing prob-
lems to gain understanding on the basic knowledge of construction
measurement skills and cannot cope with the complex cognition
process during performing the quantification task(27). This ear-
lier finding are consistent with previous research which found that
the visualization skills, one of the factors of human intelligence
structure(21) are normally required through experiences and will
be developed from easy to more complicated visual patterns(28).

Essentially, based on the current admission requirement, stu-
dents selection criteria for public university in the quantity survey-
ing programme only consider the following, 1) Demographic back-
ground of the candidate, 2) Examination result of the Malaysian
Certificate of Education. The type of students enrolled is varied and
most of them are from different academic backgrounds (Science, art
students etc.). Consequently, it is very difficult for the admission
committees to predict the performance of the students especially
their visualization skills. A critical look at graduate admissions
in some of the construction management (CM) programmes in the
USA show that they usually require students to take the Graduate
Record Examination (GRE) and achieve results that meet the ad-
mission requirements(29). This is a good example of the good prac-
tice as it can predict graduate performance from the early stage.

Thus, in this study, it is very important to identify the impact
of the cognitive ability such as spatial visualization ability on the
quantification skills among different cognitive and learning style
students to be incorporated into the future decision making such
as curriculum design. To improve the foundation of understanding
about issues that surrounded the possible research questions, it is
crucial for further related studies to explore the theories of human
cognition abilities (Knowledge & Skills) of the spatial visualiza-
tion ability(11, 18, 30) and other theories and predictor variables
that relate with the educational productivity, learning and perfor-
mance(17).
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3 Methodology/Materials

The findings of this paper and the main methodology of this study
were mainly through the critical literature review analysis from the
local and international related educational research and existing
framework. This initial study was steered to clarify the spatial
ability and learners achievement issue and the crucial keywords in-
volved before proceeding with the extension of the literature find-
ings through questionnaires, interview and focus group pre and post
test sessions.

4 Results and Findings

Table 1 summarizes the pilot articles findings of previous research
in connection with cognitive ability such as spatial visualization
and students academic achievement. To guide the direction of the
study, the precedent from several pilot articles has been considered
to mark the scope and limitation of the current study.

Table 1: Precedent Research of Spatial Visualization Ability
Framework Studies and Students Achievement
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course achievement.

Author/Y ear Issue Aim / Objectives Findings Research Gap
5) Spatial visualization ability Determine whether A significant Limited to multim edia
deficient affect sudents™ spatial abilityisa relationshipbetween  major undergraduate
abilityin handling the significant spatial visualization students andno
complex 3D Visualizationtask | predictor for 3D ability and the proposed modsl or
Systematically. computer complex 3D fram ework
animaton visualization task.
performance. compiter animation

students’ post-test
score in 2D & 3D
groups.

@ Relevance of SV A to Whether SVAisa A significantimpact  Limited to civil
structural design problem key elements that between spatia engineering students
solving achievemernts may characterize visualization ability only:
(asodationbetween SV A & the performance of  and the structural - Engineering
Structural design problem civil engineering desgn problem education
solving), students in solving skalls. .

structirdl desizn - Palytechnic Civil

problem snln'ﬁg Enaineening

skills. diploma
programme

(12) Theimpact of dfferent media | Implicationof 2D - Inconastentresult  Limited to the
demonstrations to additive versus 3D based between the focus undergraduates
learning effects. media and treatmert scienice major

dem onstrations to groups (2D & 3D). students and does not
the spatial ~ establish the
vislization ability - No safisical connection between
of students’ science sgnificance was attitudes and

major. found between performance in the

gpatial visualization
test.

G The importance of spatial To determine Visudlization skills  Limited to
thinking and visualization whether spatial and spatial reasoning  engineering students
skills improvement it abilityis an are crucial and only
enginesring education through | accepted predictor  significant relevance
modern technol ogy teaching of surcesin as a core competence
toals such as 3D CAD engineering determination goals of
modelling system the future engineer.

(32) The significant impact of To determine A different existsin Limited to the
CADD programs (3D) in different selected  spatil abilitybased  technology discovery
students’ spatial dbilities instructional on the method use to students.
progress devel opment. methods had instruct students usng

different effecton 3D CADD modelling
students’ spatial software.

abilifies progress

development

)] Enhancement mitiafives of To outfit the Development of BIM ~ Limited to arifical
current Quartity Surveyor set | Quantity Surveyor  educations literature review and
of skills and knowledge such | graduates withthe  framework to meet development of BIM
as the ability to visualize, essential scillsin the industry demand educational
quantify, plan and schedule project delivery such as visualization,  framework only.
and manage through the quarntificafion,

application of planning and
Building scheduling and
information managem ent skills.
modelling (BIM.

The effectiveness of Bloom’s
Taxonomy assessment method
(based on student’s behaviour)
in defermining the education
system’s goal and objectives,

Toreview the
effects of Bloom’s
Ta onomy to
Quantity Surveying
Degree

programme

The importance of
Bloom’s Tax onomy
(cognitive) in
student’s academic
performance and the
learning objectives
evaluation

Limited to crifical
literature review and
academicians’

perspectives views
orly.

Having identified the outcomes and gaps from the precedent
research of spatial visualization ability framework studies and stu-
dents achievement, the research conceptual framework is summa-
rized in Figure 3. The conceptual framework was designed to justify
the relationship between spatial visualization ability test (SVAT)
scores and the students achievement in quantification test score.
Generally, to identify students specific characteristics such as cog-
nitive ability and cognitive and learning styles, a spatial visual-
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ization ability test (SVAT), group embedded figures test (GEFT),
learning style and demographics background questionnaire measur-
ing instruments will be utilized. Furthermore, for the purpose of
validity testing, the final data collection stage of the research will
require students to be tested with the quantification achievement
test involving weak and good students from the quantity surveying
programme at Malaysian public university.

‘ DEFINITIVE TEACHING AND LI (DTLA as !

] 2. Field Dependent (FD) |

*Asapted from Spatial Visuaization ABility Theary (MeGee, 1979), FI & FD Model [Witkin, 1977). Dual | "Guantification/Maasuremant of Canstruetion Wanes(MCW)
Cading PaivioTheory (Paivic, 1984) & FelderSiverman Leaming Style Model (Parver & Block, 2007) |

Figure 3: Research Conceptual Framework

In order to identify the relationship between students ability and
styles differences with their academic achievement, the students will
be asked to answer the questionnaire and several tests such as SVAT
and GEFT. In addition, to examine the causal-comparative influ-
encing factors, quasi-experimental study, 2 x 2 x 2 factorial design
(cognitive and learning style x students spatial visualization ability)
will be done. It is very crucial to assess students knowledge, ability
and styles differences from the treatment and control group test re-
sult as the findings can differentiate and categorized specific group
of students in dealing with the appropriate teaching and learning
strategy. Therefore, in this study, a one group for pre and post-
test experimental design approach will be employed involving weak
and good students that possess different level of cognitive ability,
cognitive and learning styles.

Besides that, the study also will consider at the other demo-
graphics background factors influencing spatial visualization ability,
cognitive and learning style such as 1) Cognitive development (sub-
ject taken at secondary school level, formal and informal training
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2) Gender differences 3) Cultural aspects 4) Aptitude i.e. human
intelligence structure 5) Experiences and 6) Personality type. The
purpose of addressing the demographics background factors is very
importance because the factors are the key indications to suggest
the most specific teaching and learning adaptation (DTLA) model
for different cognitive and learning style students.

5 Conclusion

Nowadays, to adapt with the requirements from the industry, the
quantity surveying programme concerns with the students training
in order to enhance the students knowledge and core skills while
they were still studying. Essentially, quantity surveying is a profes-
sion, which is closely related to architecture that needs to deal with
the technical and engineering drawings during the quantification
process. As previously mentioned, like architecture, the quantity
surveying discipline nature of work would also demand the ability of
the profession to create a mental image of the two dimensional (2D)
drawings prepared by the architect or engineer and then manipu-
late it mentally in the forms of three dimensional (3D) drawings in
order to quantify the quantities of the items shown in the drawings
as accurately as possible. To be specific, the quantification skills
are not just about numeracy and calculations, however, it is a com-
plex technical course involving visual and imagination skills from
the technical and engineering drawings interpretation.

From the reviews of literature, it can be seen that imagine and
visualize construction details is one of the essential attributes and
qualities for the quantification skills. Many scholars agreed on the
effects of spatial visualization ability (SVA) on learners achieve-
ment. Educational theorist believed that integrating cognitive fac-
tors such as spatial ability and student-specific characteristics in
learning influences students achievement as it was a great concern
to enhance the achievement of students with lower spatial abilities.

Essentially, to determine the degree of relationship between the
spatial visualization ability achievement scores and the quantifica-
tion course achievement, it is important to consider the educational
implications of differences in students cognitive ability, cognitive
and learning styles. Therefore, it is crucial to develop a definitive
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teaching and learning adaptation (DTLA) model for different cogni-
tive ability, cognitive and learning style students that can be used
to improve the students performance of quantification outcomes.
This study struggled to fill the practical and literature gaps that
will meet the needs of the quantity programme to promote better
academic achievement and anticipated skill requirements (construc-
tion measurement skills) among quantity surveying graduates (pre-
ferred graduates). The details analysis of the study will soon be
ready with completed findings, conclusions and recommendations
for future research.
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