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Abstract 
In responding to the construction quantification learning effect and academic achievements 
of the quantity surveying learners, the study examines the effects of several potential 
characteristics concerning specific individual differences such as cognitive abilities and 
demographics. Specifically, the study aims to compare the effects of individual differences in 
cognitive thinking, such as low or high spatial visualisation abilities and the demographics of 
learners (gender and age), towards the construction quantification achievement. The target 
respondent would be the quantity surveying learners (potential semi-professional graduates) 
in Malaysian public institutions. This preliminary study used a quantitative approach to 
determine the critical factors and indicators that lead to learners’ moderate performance in 
the construction quantification course. A significant relationship between spatial visualisation 
ability (SVA) and the construction quantification achievement concludes that spatial 
intelligence serves as a framework to support people facing difficulties interpreting 2-
dimensional (2D) graphics representation. Seemingly, SVA is crucial to be possessed by the 
potential learners who wish to enrol in the quantity surveying programme. To successfully 
function and become more independent construction quantification learners in quantity 
surveying technical disciplines programme, these people need to have more spatial ability. 
However, there are no significant differences between different gender and age learners 
categories in spatial visualisation ability test (SVAT) scores and the construction quantification 
test (CQT) scores as the findings were insignificant. The result obtained in this study hoped to 
clarify the importance of cognitive ability and demographic differences to the construction 
quantification achievement. 
Keywords: Effect, Achievement, Individual Differences, Cognitive Ability, Demographics. 
 
Introduction 
Besides architectural and engineering disciplines, the quantity surveying educational 
programme also rely on spatial visualisation ability (SVA) during the academic training. 
Although the quantity surveying scope of work is not about designing the technical drawing 
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(construction plan), the core learning of the technical course, namely, construction 
quantification, requires the learners to interpret the technical drawing during the 
quantification process. To successfully function and quantify the quantities of the items 
shown in the technical drawings accurately, the profession (quantity surveying scope of work) 
requires future graduates to fully understand all the construction details (elements, items, 
descriptions) presented in a conventional 2-dimensional (2D) technical drawing (Fortune, & 
Skitmore, 1993; Fortune, & Skitmore, 1994). The knowledge requirements are essential for 
the quantity surveying profession and future graduates’ future employment (Ali et al., 2016; 
Mohd-Derus et al., 2009). Therefore, to fully understand the technical drawing, it is crucial to 
ensure that all learners can read and interpret the 2D drawings prepared by the architect or 
engineer. Generally, when reading the 2D drawing, it is not explicitly limited to seeing the 
construction details in a 2D representation directly, but the learners need to view it mentally 
in 3-dimensional (3D) representation.  
 
Essentially, it is beneficial for future graduates to possess the required cognitive skill. Prior 
theorists defined this human cognitive skill as an imagination to visualise, view mental images, 
sway, swivel, change and convert 2D or 3D visual stimuli (McGee, 1979). Generally, 
visualisation skills are crucial aspects of spatial ability (Carroll, 1993; McGee, 1979). The ability 
was crucial in several scientific and engineering activities (Wang et al., 2007). Similarly, in 
construction quantification problem-solving activities, there was also a requirement for the 
learners to visualise and rotate designs in 3D. To quantify precise quantities from the 2D 
technical drawing representation, they need to see all the construction details, which 
conventional 2D drawings cannot provide. Thus, it is beneficial to transform the 2D view into 
3D because visualising and rotating the drawing would allow them to see more details that 
were limited presented from the conventional 2D drawing (Osman et al., 2015). 
 
In construction quantification academic training (education), seemingly novice learners 
experienced difficulties performing a complicated visualisation task required during reading 
and translating drawings due to having a lack of imagination skills (Olkun, 2003). In addition, 
many novice learners struggled and had difficulties understanding the principles of 
construction quantification calculations due to limited knowledge and experience in 
construction technology practice. Lack of experience and exposure to construction 
technology has caused them to have limited cognitive thinking ability to visualise drawings 
correctly. Furthermore, a lack of proficiency in construction technology can cause learners to 
fail to interpret construction details and comprehend what is being measured (McDonnell, 
2010). Consequently, to respond to the learning problem of the quantity surveying learners, 
this preliminary assessment focussed on several characteristics exploration concerning 
individual differences of cognitive thinking abilities, demographics and construction 
quantification academic achievements. 
 
Literature Review 
As previously described, construction quantification is a recognised course for quantity 
surveying technical programme learners. Past research claimed that spatial visualisation 
ability (SVA) is one of the critical human intelligence structures that need to be mastered by 
the learners as it is one of the critical factors involved when dealing with a problem-solving 
task that needs to deal with drawing interpretation (Fortune & Skitmore, 1993; Fortune & 
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Skitmore, 1994). Furthermore, a previous study claimed that besides SVA, it is essential to 
consider several other significant factors when dealing with learning and performance issues.  
 
Additionally, individual differences under two conditions, cognitive (spatial visualisation) and 
demographic differences (gender and age), were also reported to affect academic 
achievement significantly. Thus, in getting a reliable verification, a study that observed spatial 
visualisation ability (SVA), gender and age differences is needed to examine the extent to 
which these conditions contributed to educational achievement. 
 
Cognitive and Demographic Differences 
Previous theorists claim that cognitive abilities can affect learners’ learning and academic 
achievement, mainly technical academic training involving designing or dealing with technical 
drawing (Olkun, 2003). Furthermore, in the previous research, many researchers agreed that 
possessing the necessary cognitive thinking abilities (spatial visualisation) and demographics 
can affect learners’ learning and academic achievement. Additionally, prior research reveals 
that these critical characteristics of individual differences were significantly valued, especially 
for learners undergoing technical academic training involved in designing technical drawings.  
 
In reality, did individual cognitive ability and demographics contribute to construction 
quantification learning and performance? To identify whether learning experience can be 
problematic or not, especially for novices, it seems crucial to determine whether there is a 
positive relationship between the research variables. In getting the answers, this study 
thoroughly examined every quality concerning benefits and corresponding values of 
individual differences to encourage better academic achievements amongst quantity 
surveying learners and future graduates. In tackling the construction quantification learning 
problem, it is essential to have a structured educational training guideline that addresses the 
critical factors of quantification proficiency. Specifically, identifying the characteristics of the 
individual differences, such as cognitive abilities, demographics nature, and significant 
relationships from prior studies, enables the findings to provide a valuable parameter to deal 
with the current learning problem of learners’ achievements (proficiency) in the construction 
quantification. Furthermore, the review of findings obtained from the prior research (Table 
1) can also suggest potential ideas for determining some critical indications related to the 
significant relationship between individual cognitive abilities, student demographics, and the 
quantification achievement of the recent quantity surveying learners.  
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Table 1. Summary of Literature Review 

Essentially, the possible indicator obtained from the literature can help the present study be 
aware of any other critical factors that could jeopardise the construction quantification 
achievement of future graduates. Therefore, as shown in Table 1, the following research 
questions have been recognised to guide this present study:   
 

1. What are the students’ specific characteristics? 
2. How do different individuals fit into the construction quantification problem-solving 

ability? 
3. How do gender differences affect academic achievement? 
4. How do males and females vary in spatial visualisation ability (SVA)? 
5. How do age differences affect academic achievement? 
6. What data should be collected to determine learning and performance criteria? 

Author Research Question Core Inquiry 

• Cassidy (2004) 

• Inan & Lowther (2010) 

• Merchant et al (2013) 

• Mokhtar & Din (2013) 

• Morris (2018) 

• Novak (2010) 

• Bidin (2014) 

What are the students’ 
specific characteristics? 

• Individual 
Differences 

• Cognitive 
Ability 

• Demographics  

• Academic 
Achievement 

• Arslan and Dazkir (2017)  

• Ben-Chaim et al (1986) 

• Börner et al  (2016)  

• Galesic and Garcia-Retamero (2011)  

• Golledge and Stimson (1997)  

• Lee et al (2017)  

• McGee (1979) 

• Osman et al (2015) 

How do different individuals 
fit into the construction 
quantification problem-
solving ability? 
 

• Ben-Chaim, Lappan and Huoang 
(1988) 

• Morris (2018) 

• Park & Yoon (2012) 

• Ramful and Lowrie (2015) 

• Robichaux and Guarino (2000) 

• Salthouse et al (1990) 

How do gender and age 
differences affect academic 
achievement? 

How do males and females 
vary in terms of spatial 
visualisation ability?  

• Atan Long (1980) 

• Hunter (1986); McGee (1979) 

• Paivio (1990) 

• Witkin (1973) 

• Witkin et al (1977) 

How do differences affect 
academic achievement? 

What data should be 
collected to determine 
learning and performance 
criteria? 
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This present study has determined several critical research questions relevant to core 
inquiries of individual differences, cognitive abilities, demographics, and academic 
achievement from the literature review findings. Although the paradigm of the previous 
research is not specifically in parallel with the present study, the potential indicator obtained 
from prior research can initially guide this research to consider the best research design and 
instrument options. Additionally, findings obtained from the multi-paradigm field are also 
beneficial in verifying whether the present study later could provide mutual findings or 
contradict research values.  
 
Research Methodology 
The preliminary study used a quantitative approach. This study involved a convenience 
sample of 40 learners from a well known public university who enrolled on the quantity 
surveying programme (Diploma) to justify the relationships and effect between different 
demographics, SVA levels, and the construction quantification course achievement. The 
sample of data involved semester four and six diploma learners in a public university due to 
practical reasons (availability). Moreover, to accomplish the research objective, Table 2 
specifies the details of the research objective, instrument and method applied in this present 
study. 
 

Table 2. Summary of Research Objective, Instrument and Method 

Research Objective Research Instrument Research Method 

To determine the relationship 
between SVAT scores and the 
construction quantification 
achievements 

1. Spatial Visualisation 
Ability Test (SVAT) 

2. Demographics 
background 
questionnaire survey 

3. Construction 
Quantification Test 
(CQT) 

Quantitative 

To determine the effect of 
gender and age differences on 
the spatial visualisation ability 
(SVA) and the construction 
quantification achievements 

Generally, there were three instruments used during the data collection process. This 
preliminary study utilises a questionnaire survey, a psychometric test and an achievement 
test to assess the critical characteristics and factors related to the research questions. A 
questionnaire survey can help the study define individual respondents’ profiles in the first 
stage. The demographics questionnaire also can categorise the learners’ demographics based 
on gender and age differences.  
 
Besides a questionnaires survey, another instrument opted to complete the second stage of 
the experimentation process. The instrument used is a psychometric test known as SVAT. 
Precisely, the SVAT instrument can determine whether research participants had low or high 
spatial visualisation ability (SVA). 
In addition, to complete stage three of the research procedures, another testing instrument 
was used to be part of the test kits. The third instrument used during the final stage of the 
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experimentation process is an achievement test known as CQT. The function of the test is to 
determine the performance levels of learners in the construction quantification course. 
Specifically, this study uses 2-dimensional (2D) and 3-dimensional (3D) technical drawings 
(construction plan). Generally, to ensure that CQT were acceptable for the experiment, the 
content and face validity of both CQT has been assessed and verified by the academic and 
construction industrial experts before usage. 
 
Findings and Discussion 
This quantitative study was analysed using descriptive and inferential statistics using the SPSS 
software. At the initial data analysis stage, the descriptive statistical analysis obtained from 
the SPSS results can specifically outline the nature of the data sample involved in this study 
into a specific type of learners categories. Furthermore, in this study, statistical analysis 
obtained from the SPSS results can determine specific differing characteristics of the 
participants in the sample. Specifically, the analysis results help answer factual questions 
related to the individual differences linked to several characteristics, such as demographics 
and cognitive abilities.  
 
As previously described in the methodology section, after the learners answer a 
demographics background questionnaire survey and attempt the SVAT, they need to sit for 
an achievement test, namely the CQT. In this study, the results achieved from the SVAT scores 
and demographics background questionnaires can categorise the learners according to their 
specific individual differences. Initially, this study uses Pearson correlation analysis to 
determine whether there is any significant relationship between SVAT scores and CQT scores.  
 
From the literature reviews, imagining and visualising construction details is considered as 
one of the essential factors and qualities for quantification skills (Fortune & Skitmore, 1993). 
Many scholars agreed on the effects of SVA on learners’ achievement. Similarly, the detailed 
analysis of the study found a significant relationship between the students’ spatial 
visualisation ability (SVA) and their performance on the construction quantification. As shown 
in Figure 1, the coefficient of determination R2 of the SVA showed 65.3% of the variance in 
the construction quantification achievements. The scatterplot visual verified that the 
relationship between the SVA and the construction quantification achievement is linear. 
Furthermore, the findings show a significant linear relationship between SVA and 
construction quantification achievement as the linearity test result is less than 0.05 (p < 0.05). 
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Figure 1. Linear Relationship 

 
Subsequently, the present study uses Pearson correlation analysis to identify the strength and 
magnitude of the relationship between the SVAT and CQT scores. Interestingly, as shown in 
Table 3, the Correlation between students’ spatial visualisation ability (SVA) and their 
performance on the construction quantification is a statistically significant positive 
relationship (r = 0.808, p < 0.05). Therefore, the finding concluded that the SVAT score 
corresponds to the construction quantification achievement. 
 

Table 3. Summary of Research Finding 

Correlations 

 CQT Score SVAT Score 

CQT Score  Pearson 
Correlation 

1 .808** 

Sig. (2-tailed)  .000 

N 40 40 

SVAT Score Pearson 
Correlation 

.808** 1 

Sig. (2-tailed) .000  

N 40 40 

** Correlation significant at the 0.01 level (2-tailed). 
In addition, educational theorists also believed that integrating cognitive factors such as 
spatial ability and the nature of specific characteristics such as different demographics (age 
and experience) in learning influences students’ achievement as it was a great concern to 
enhance the achievement of students with lower spatial abilities (Salthouse, Babcock, 
Skovronek, Mitchell & Palmon, 1990). Nevertheless, findings derived from a previous study 
claimed that mostly the findings suggested non-significant differences exist for spatial 
visualisation abilities between males and females (Morris, 2018). Furthermore, previous 
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research showed that many findings contradict one another when considering different 
characteristics of SVA and demographics.  
 
Therefore, in this present study, a T-Test was used to compare the differences level of SVAT 
and CQT scores between two groups (gender and age differences). The findings obtained in 
this present study were as follows:    
 

1. SVAT scores between male and female learners 
The test of equality of variances (Levene’s test) shows that the variances of SVAT 
scores for the two groups (gender) are equal (p-value = 0.85 > 0.05). Based on the 
results in the row labelled equal variances assumed, there is no significance in SVAT 
scores between male and female learners as shown by the p-value = 0.616 > 0.05). 
Based on the group statistics table, the mean SVAT scores for males are higher than 
for females. On average, SVAT scores for male students’ were higher (M = 55.67, SD = 
14.23) than female learners (M = 52.97, SD = 19.15). However this difference is not 
significant t(38) = 0.506, p = 0.616. 

 
2. SVAT scores between category 19 to 20 and 21 to 22 years old learners 

The test of equality of variances (Levene’s test) shows that the variances of SVAT 
scores for the two groups (age) are equal (p-value = 0.837 > 0.05). Based on the row 
labelled equal variances results, there is no significance in SVAT scores between 
category 19 to 20 and 21 to 22 years old learners as shown by the p-value = 0.316 > 
0.05). Based on the group statistics table, the mean SVAT scores for 19 to 20 are lower 
than category 21 to 22 years old learners. On average, SVAT scores for category 19 to 
20 learners were lower  (M = 51.76, SD = 16.11) than age 21 to 22 years old categories 
(M = 57.14, SD = 17.34). Yet this difference is not significant t(38) = -1.017, p = 0.316. 

 
3. CQT scores between male and female learners 

The test of equality of variances (Levene’s test) shows that the variances of CQT scores 
for the two groups (gender) are equal (p-value = 0.563 > 0.05). Based on the results in 
the row labelled equal variances assumed, there is no significance in CQT scores 
between male and female learners as shown by the p-value = 0.723 > 0.05). Based on 
the group statistics table, the mean CQT scores for male is higher than for female. On 
average, CQT scores for male learners were higher (M = 63.50, SD = 20.59) than female 
learners (M = 61.00, SD = 23.60). Nevertheless this difference is not significant t(38) = 
0.357, p = 0.723. 

 
4. CQT scores between age 19 to 20 and 21 to 22 years old learners 

The test of equality of variances (Levene’s test) shows that the variances of CQT scores 
for the two groups (age) are equal (p-value = 0.799 > 0.05). Based on the row labelled 
equal variances results, there is no significance in CQT scores between category 19 to 
20 and 21 to 22 years old learners as shown by the p-value = 0.162 > 0.05). Based on 
the group statistics table, the mean CQT scores for 19 to 20 are lower than those of 
21 to 22 years old. On average, CQT scores for age 19 to 20 learners were lower (M = 
57.62, SD = 20.47) than category 21 to 22 years old learners (M = 67.37, SD = 22.81). 
But this difference is not significant t(38) = -1.425, p = 0.162. 
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To summarise, age and gender differences in spatial visualisation ability (SVA) scores and 
construction quantification achievements were insignificant in this research. Thus, the 
findings are similar to the Morris (2018) findings but conflict with other research that reported 
a significant relationship between the research variables. 
 
Conclusion 
This paper attempts to confirm the relationship and effect of different cognitive abilities and 
demographics on learners’ academic achievement. Generally, these core variables were 
reported in the previous articles to impact the learning and performance framework studies 
significantly. In this study, these two sets of variables were categorised within different 
domains and analysed against the construction quantification achievements to verify the 
natural factors (personal and situational factors) that are assumed to influence the learning 
and performance of an individual. When formulating an effective learning and performance 
framework, addressing the relevant factors to minimise an individual’s learning difficulties is 
beneficial. It is critical to be aware of the critical success factors of learners, especially when 
dealing with technical education. Likewise, in the quantity surveying programme, each learner 
must possess technical knowledge for solving problem-solving tasks as the task requires 
visualising and calculating the approximate cost of the whole project from the 2D construction 
drawings. Based on the findings of this study, the positive result derived from the analysis and 
the review of the literature indicated that the SVA could provide practical value in helping a 
novice who is poor at visualising things and struggled to estimate quantities from the 
conventional 2D representation construction drawing. It seems that it is value-added when 
learners possess a high level of SVA because it will help them understand and perform better 
during the construction quantification learning. Especially for beginners that possess limited 
knowledge and experience in construction technology practices. As a result, the positive 
indicator of spatial visualisation ability (SVA) towards the learners’ construction quantification 
achievement obtained in this study later can fit into the best practices guideline to promote 
better academic achievement and anticipated skill requirements among quantity surveying 
graduates. 
 
Additionally, the second question raised in this study is to determine the significant difference 
of other critical indicators or specific constructs relevant to the learning and performance 
guidelines for the fundamental course of construction quantification. For example, in dealing 
with the construction quantification achievements of learners, it seems crucial to analyse 
whether there is a significant difference in SVAT and CQT scores between groups of students 
with different demographics (gender and age). Similarly, the positive findings obtained via 
this second objective could contribute a reliable indicator to enhance the learning and 
performance of learners in quantity surveying education. However, in this preliminary study, 
the findings for the comparison mean differences between the two groups of different 
demographics indicated no difference exists between gender and age categories to the SVAT 
and the CQT scores. Therefore, the evidence shows that demographic profile differences were 
accepted to have not contributed significantly to the learners’ SVAT and CQT achievements 
because gender and age construct has a lower effect in becoming a possible predictor of 
success to the construction quantification achievement. Therefore, in the future learning 
strategies of construction quantification, the demographic profile differences indicator can 
be excluded from the best practices guideline as it is not the critical factor when predicting 
the SVAT and CQT achievement. However, it would be interesting if the same indicator of 
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demographics could be further tested in future research to look into the other findings 
possibilities. More research across gender and age groups from other samples is needed to 
confirm the validity of these present findings. 
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