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Abstract 

The term “holistic education” can be defined in many different ways. In this 

study, holistic education is defined as learning that encompasses the cognitive, 

affective and psychomotor learning domains. Personalized learning is envisioned 

as an approach to help the students’ learn more effectively through tailoring the 

delivery to students’ preferred learning style. In addition, technology and learning 

space also play a very crucial role in student learning. “Can holistic education be 

delivered in an Engineering curriculum using personalized learning, 

collaborative learning pedagogy, and appropriate use of technology and space?” 

To answer this question, surveys were taken and an intervention was designed. A 

learning style survey was conducted to determine the learning styles of 

engineering students and along with it, a module identifying survey to identify a 

module to intervene. This was further supported by a survey taken from the 

industry. The industry survey also supported the importance of affective and 

psychomotor learning domains. With the module identified, an intervention was 

conducted. The students were surveyed post intervention on the effect of 

collaborative learning, technology and learning space on their cognitive and 

affective learning experiences. The statistical analysis of their survey responses 

showed that there was significant impact on all areas surveyed except for one. 

However the psychomotor domain could not be surveyed since it was not 

prominent in the identified module. Another survey conducted for learning style 

indicated that delivery geared to students’ preferred learning style was effective. 

Keywords: Bloom’s taxonomy, Holistic education, Learning styles, Engineering  

                  curriculum, Learning space. 
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1.  Introduction 

With the ever-increasing complexity of challenges facing humanity in the 21
st
 

century, it is believed that focusing solely cognitive development alone will not 

produce the best results in the training future engineers. A more holistic approach 

is required to intentionally incorporate other learning domains such as the 

affective and the psychomotor domains with the aim of enhancing the 

contribution and excellence of future engineers immersed in an environment that 

is evolving technologically. The term “holistic education” can be defined in many 

different ways by different people. In the United States, a reaction against the 

prevailing “mechanistic” worldview of education in the 1980’s resulted in 

initiatives in holistic education with the aim of developing the human being to 

achieve their fullest potential [1]. In this research, the term “holistic education” is 

defined in the context of the Bloom’s Taxonomy and hence it focusses on the 

cognitive, affective, and psychomotor learning domains. 

According to Bloom et al. [2], the cognitive domain includes objectives that 

deal with the recall or recognition of knowledge and the development of 

intellectual abilities and skills. Affective domain on the other hand, includes 

objectives that describe changes in interest, attitudes, and values, while the 

psychomotor domain covers the motor-skill areas. Unfortunately, only the 

cognitive domain is mainly discussed in most researches, as it believed to be the 

most responsive to studies and it formed the basis of the first Bloom’s studies. 

However, the affective domain is important to complement the cognitive domain. 

The need to balance both cognitive and affective learning domains has been 

acknowledged by the American Society of Civil Engineers [3]. 

Personalized learning can be defined as a student-centered learning approach. 

Personalized learning is intended to expedite the academic success of each student 

by first determining the learning needs, interests, and aspirations of the student, 

and then providing customized learning experience for each student [4]. 

Unfortunately, the majority of public education is delivered in a uniform “one size 

fits all” approach [5]. 

A number of studies have previously been conducted on personalized learning. 

In engineering education, Felder and Brent [6] reviewed some models developed 

for teaching and learning relating to student differences. The Myers-Briggs Type 

Indicator, Kolb’s Experiential Learning Model and The Felder-Silverman Model 

are among these models. According to Felder and Silverman [7], a mismatch 

between traditional teaching styles and the engineering student’s learning style 

often occurs and usually causes students to be bored in class, perform poorly in 

examinations and eventually dropout of the course.  

Traditional classrooms are usually arranged where individual tables faced the 

front of the classroom and taught using the “lecturers talk, students listen” 

approach. A classroom that supports active learning, interactive lessons, and 

context centred are believed to be more useful for students [8]. Collaborative 

classrooms have been shown to have positive impact in “human learning and 

teaching capability” [9]. According to Lei [10], there are eight elements that 

should be considered in designing a classroom, i.e., size, seating arrangement, 

shape, furniture arrangement, interior lightings, color selections, noise level and 

technology system arrangement.  
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Collaborative learning has been proven to have a positive impact for students 

in many ways. Hilvano et al. [11] have conducted research on using collaborative 

learning using case-based problems. Small group discussion was used for this 

study and it has shown a positive impact on student’s knowledge, attitude and 

psychomotor skills. 

Based on the policy brief of UNESCO Institute for Information Technologies 

in Education, it is noted that ICT can enable personalized learning [5]. Graetz and 

Goliber [12] believed that information technology has a very strong influence in 

the effectiveness of the classroom. 

The aim of engineering education is to provide students with the required 

learning resources to become a successful engineer [13]. Graduate engineers 

should have knowledge, a wide variety of skills, and a professional attitude. The 

acknowledgement of student’s learning style preference is vital as most 

engineering curriculums are usually taught in a “one-size-fits all” lecturer-

centered approach. It was also suggested that the appropriate pedagogy such as 

collaborative learning, use of ICT during class and well-designed learning spaces 

could be used to support a more holistic development of students and to achieve 

the aim of engineering education.  

The objectives of this research are to utilize collaborative pedagogy, ICT and 

learning space to affect the holistic development of students and to understand the 

effect of content delivery when adapted to specific student’s learning style. 

 

2.  Research Methodology  

Two types of survey were conducted. The first survey was the learning style 

survey, and the second survey was the module identification survey. Each survey 

is elaborated in the sub-sections below.  

 

2.1.  Learning style survey 

The Felder-Silverman Index of Learning Style (ILS) model was used to conduct the 

learning style survey. This learning style model was chosen over other models such 

as VARK, Kolb’s Experiential Learning Model and The Herrmann Brain Dominant 

Instrument because there have been several studies done in the engineering 

education field using this model [6]. Moreover, one of the co-creators of this survey 

instrument, Richard M. Felder, is a Chemical Engineering Professor at North 

Carolina State University. He has authored more than 200 education-related papers 

and also received more than 10 awards for his contribution to engineering education 

[14]. Hence the authors believe that the ILS would be the most suitable instrument 

for determining the learning styles of engineering students. 

The ILS questionnaire is a forty-four-item questionnaire with only two-answer 

options. These questions were designed to assess four learning style dimensions. 

These dimensions are how students process information, learn, remember and 

understand. The four learning dimensions that the students will be assessed on are, 

active/reflective, sensing/intuitive, visual/verbal and sequential/global. The Index 

of Learning Style questionnaire is taken from ‘Index of Learning Style’ page, 

online [15]. It is available for public usage at no cost.  
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The learning style survey was conducted randomly on Taylor’s University 

School of Engineering students from Year 1 to Year 4 and also on a few recent 

graduates. Besides that, students enrolled in the Thermodynamics and Heat 

Transfer module were specifically targeted for the survey. 

 

2.2. Module identifying surveys 

Two module identifying surveys were conducted, i.e., the student’s survey and 

the industry survey. Both surveys were conducted to identify a suitable module 

to intervene. 

The student’s survey form consists of questions regarding the modules offered 

in Mechanical Engineering curriculum of Taylor’s School of Engineering. This 

survey was conducted to discover which module the students found most difficult, 

and the reason that they found it difficult. In addition, the student’s opinion on 

which module should be improved and how can it be improved was also asked. 

The survey was then given to students of Year 3, Year 4 and recent graduate 

mechanical engineering as these subjects would have taken most of the modules 

offered. A copy of the survey form is attached in the Appendix 1.  

Industrial survey was conducted to understand which module is widely 

applicable in the industry. Survey forms were sent to engineering companies in 

collaborating with Taylor’s University. This was done through the help of 

Taylor’s Career Services. The main question asked in the survey was which 

module is most applicable to their industry/company. A list of modules with the 

synopses was linked with the survey form for them to understand the modules 

offered in Taylor’s Mechanical Engineering curriculum. Furthermore, a survey on 

their expectations from fresh graduates and were the fresh graduates meeting the 

expectation was also asked. A copy of the survey form is attached in the 

Appendix 2.  

 

2.3.  Intervention 

Based on the results both surveys, the Thermodynamics and Heat Transfer 

module was selected for the intervention study. An interview was conducted with 

the previous lecturer of the module to find out which learning outcome was 

considered as the most challenging for the students. Permission was then sought 

from the current lecturer to perform the intervention on that learning outcome on 

the current batch of students. 

 

2.3.1. Design of intervention 

The intervention was designed to be performed in X-Space. X-Space is a 

collaboration classroom that is technology-rich designed as a flexible formal 

learning space [15].  It is equipped with round tables and comfortable moveable 

chairs for better collaborative learning and personal screen at each table for idea 

sharing and presentations. The facilities and features in X-Space matched the 

research objectives. Figure 1 shows the X-Space classroom.  

An initial intervention was designed for the Thermodynamic and Heat 

Transfer module. In this intervention, two tutorial groups were used as 
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comparison. The first group is meant to be the control group where no changes 

were made. The intervened group on the other hand, had the tutorials conducted 

in the X-Space.  

A further intervention was subsequently performed as the first intervention 

failed to follow the prescribed procedure. This second intervention involved the 

Advanced Thermofluid Engineering module as is the focus of this study. In this 

intervention, one tutorial session was performed in X-Space. The results were 

then compared with the regular tutorial sessions. In this intervention, the same 

tutorial group was used. The reason was because the class size for Advance 

Thermofluid Engineering was smaller than Thermodynamic and Heat Transfer 

hence had only one tutorial group. 

 

 

Fig. 1. X-Space Classroom. 

Visual Learning was the most preferred learning style based on the learning 

style survey performed. To accommodate the preferred learning style, the module 

coordinator has been requested to include more visual aid such as pictures, 

diagrams, animations and videos into the lecture notes. 

 

2.3.2. Intervention implementation  

In the X-Space, the students were placed in groups of six. Each group was to 

complete the tutorial questions together. Students were encouraged to use all the 

technology and facilities available such as the shared screen and group white 

board. At the end of each tutorial session, a short quiz was given to the students. 

For the intervened tutorial group, one copy of the quiz was given to each group 

with 10 minutes to discuss before splitting up to solve on their own. Students in 

the control group on the other hand, were not given the opportunity to discuss 

before the quiz.  

Students were grouped differently for both interventions. Students were 

grouped based of academic results whereby each group has a mixture of well 
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performed, average and weak students in the first intervention. However it was 

found that this method of grouping was not effective for collaborative learning as 

students were not willing to work together for discussions. Thus, students were 

randomly grouped in the second intervention.  

Since visual learning was the strongest preferred learning style, a survey was 

conducted for two different cohorts of Advanced Thermofluid Engineering students 

regarding the module’s lecture slides. The lecturer had enhanced his lecture notes 

with substantial amount of visual elements compared to the previous occasion when 

the module was offered to the previous cohort. The results were then evaluated 

using inferential statics in the SPSS Statistic software to determine if the change to a 

more visual delivery was perceived by students to be more effective.  

 

2.3.3. Intervention evaluation 

Unfortunately the results obtained for the first intervention which was conducted 

for the Thermodynamics and Heat Transfer module had to be void. The 

intervention procedure was not followed by the module coordinator due to 

unforeseen circumstances. Consequently only the results obtained from the 

second intervention were evaluated.   

The second intervention was conducted for Advanced Thermofluid 

Engineering module. The post intervention survey was divided into six constructs. 

These were impact of pedagogy on the cognitive and affective domains, impact of 

technology on cognitive and affective domains and impact of space on cognitive 

and affective domains. Each construct consisted of 3 to 4 Likert scaled survey 

questions that are aligned with the Bloom’s taxonomy for the cognitive and 

affective domain. In addition a section was included in the survey for written 

suggestion/comment in the event that students wanted to give written feedback. 

The constructs and their hypotheses are shown Table 1. 

Table 1. Null (H0) and alternate (H1) hypotheses for each construct. 

Construct H0 H1 

Pedagogy 

Affective 

(PA) 

Student does not attach a value 

on collaborative learning 

Student attaches/places a value 

on collaborative learning 

Space 

Affective 

(SA) 

Student does not attach a value 

on the positive effect of 

specially designed learning 

space for collaborative 

learning 

Student attaches a value on the 

positive effect of specially 

designed learning space for 

collaborative learning 

Technology 

Affective 

(TA) 

Student does not attach a value 

on the use of technology on 

collaborative learning 

Student attaches a value on the 

use of technology on 

collaborative learning 

Pedagogy 

Cognitive 

(PC) 

Collaborative learning does 

not improve student’s learning 

(identify, remember, apply, 

analyse). 

Collaborative learning 

improves student’s learning 

(identify, remember, apply, 

analyse) 
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Space 

Cognitive 

(SC) 

Learning space does not 

improve student’s learning 

(identify, remember, apply, 

analyse) 

Learning space improves 

student’s learning (identify, 

remember, apply, analyse) 

Technology 

Cognitive 

(TC) 

Technology does not improve 

student’s learning (identify, 

remember, apply, analyse) 

Technology improves student’s 

learning (identify, remember, 

apply, analyse) 

The psychomotor domain was not surveyed as the modules identified for the 

intervention, according to the module identifying survey methodology discussed 

in sections 2.1 and 2.2, did not have a strong psychomotor learning component. 

Despite these modules having laboratory assignments however, these laboratory 

assignments were of a cognitive nature. 

All data obtained from the post intervention survey was imported into the 

SPSS Software for analysis. Since the class size, which represented the entire 

sample size, was less than 30 a normality test had to first be conducted in SPSS. If 

the data obtained was normally distributed, a paired sample t-test was used to test 

for significant differences. If the data was not normally distributed, the Wilcoxon 

signed-rank test will be used instead as it is the nonparametric equivalent of the 

paired sample t-test.  

These tests were conducted at 95% confidence interval, or 5% significance level, 

hence data with p-values of less than 0.05 would result in the rejection of the null 

hypothesis and the acceptance of the alternate hypothesis. The 5% significance level 

was chosen as it was the common standard for statistical tests of this nature 

implying a 5% chance of rejecting the null hypothesis even though it was true. 

Similarly for the visual learning survey, the sample sizes of the present and 

previous cohorts were also lesser than 30 and required the normality test. If the 

data obtained was normally distributed, an independent t-test was used. If the data 

was not normally distributed, the Mann-Whitney U test which is the 

nonparametric equivalent of the independent t-test will be used. 

 

3.  Results and Discussions  

The survey results and the intervention results were analysed and discussed in the 

following sections. 

 

3.1. Learning style survey 

Figure 2 shows the ILS learning style results for 183 students comprising of 

Mechanical, Chemical and Electrical & Electronic sttudents. 

As shown in Fig. 3, the ILS learning style of the Advanced Thermofluid 

Engineering class for a sample of 22 students showed a similar trend. There is a 

predominance of visual learners. 

Figure 3 has shown that a significant majority of engineering students in 

Taylor’s University School of Engineering preferred visual learning over verbal 

learning. There is also a marked difference between sensing learning and intuitive 

learning with a greater preference for sensing learning. The other two domains, 
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active/reflective and sequential/global, can be considered as almost evenly 

distributed as it appeared that there is only a slight preference of one style over 

the other.   

If the teaching style is not matched to the student’s learning style, a mismatch 

would exist, causing students to lose interest in learning, feel discouraged and 

perform poorly in examinations [7]. Most lecturers prefer to teach theory rather 

than facts. Lecturers believe that theory is more important than facts and thus, the 

lessons are usually “heavily oriented toward intuitors” [6]. Most lectures 

conducted are usually more verbal than visual. Lecture slides are filled with 

words and equations rather than images and video.  

 

 

Fig. 2. The percentages of the student’s learning style. 

 

Learning Style Active Reflective Sensing Intuitive Visual Verbal Sequential Global

Frequency 82 101 116 67 165 18 95 88

Percentage(%) 44.81 55.19 63.39 36.61 90.16 9.84 51.91 48.09

Table 3.1 Learning Style Results for 183 Students
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Fig. 3. The percentages of Advanced                                                         

Thermofluid Engineering student’s learning style. 

Global students are usually multidisciplinary thinkers with broader vision. The 

education system in Malaysia has always taught students to solve mathematical 

problems sequentially. This could be one of the reasons that sequential learning is 

slightly more preferred as compared to global learning from the larger survey 

although the reverse seems to be true for the Advanced Thermofluid Engineering 

class survey. Most learning outcomes in Taylor’s School of Engineering are 

highly cognitive. Thus there is no surprise that more students would prefer 

reflective learning compared to active learning. However if the same survey was 

to be conducted in a vocational school in Malaysia, it is believed that there will be 

more active learners compared to reflective learners.  

3.2.  Module identifying survey 

A total of 23 mechanical engineering students consisting of Year 3, Year 4 and 

recent graduates participated in this survey. Table 2 shows the top 5 modules 

selected by the students. Based on their responses, Thermodynamics and Heat 

Transfer was identified as the module considered as most challenging.  

Table 2. Top 5 modules selected by the students in the survey.  

Module Total number of students 

Thermodynamics and Heat Transfer 9 

Design of Engineering Component and Systems 8 

Automatics Control and Instrumentation 7 

Advance Thermofluid Engineering 6 

Theory of Machines and Mechanisms 6 

Approximately fifteen surveys were distributed to several engineering 

companies that were collaborating with Taylor’s University. This industry survey 

 

Learning Style Active Reflective Sensing Intuitive Visual Verbal Sequential Global

Frequency 10 12 15 7 21 1 10 12

Percentage(%) 45.45 54.55 68.18 31.82 95.45 4.55 45.45 54.55

Table 3.2 Learning Style Results for 22 Advance Thermofluid Engineering Students
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was conducted to confirm if the module identified through the student survey was 

important to the industry. Ten out of fifteen companies responded to the survey. 

Their responses were very intriguing.  

From the ten responses received, one was not from the mechanical 

engineering field hence it not included in the analysis. Out of the nine remaining 

companies, three identified Thermodynamics and Heat Transfer as one of the 

modules most applicable to the industry. This module had one of the highest 

counts besides other modules such as Managing Project for Success, Final Year 

Project and the Group Design. However these other modules were not among the 

highest counts from the students’ survey. 

One of the questions in the industry survey was, “What are your expectations 

for fresh graduates?” 5 out of 9 companies chose good discipline specific 

knowledge, 8 out of 9 companies chose good attitude, while 8 out of 9 companies 

chose good technical hand-on skills, and etc. These responses indicated that the 

development of the affective and psychomotor learning domains is as important to 

the industry as the cognitive learning domain. 

 

3.3.  Intervention 

The first intervention was conducted on Thermodynamics and Heat Transfer 

while the second intervention was conducted on Advance Thermofluid 

Engineering. As the first intervention was not properly carried out according to 

the prescribed procedure the results were void. Therefore only the second 

intervention will be discussed. 

A total of 23 students showed up for the intervention class. The students were 

placed into groups at random. The tutorial session started as usual with the 

module coordinator doing a simple recap and discussing a few sample questions 

before presenting the tutorial question. Students were given approximately 15-20 

minutes to discuss and solve the tutorial question. Throughout the given time it 

was observed that most students actively participated in the group discussion. 

However 1-2 students chose not to participate preferring to work on their own.  

After solving the tutorial question, a short quiz was conducted. Each group 

was given a sheet of the quiz questions to discuss and was requested to utilize the 

technologies available in X-Space such as the shared screen and internet. 

Unfortunately the students were not able to connect their device to the shared 

screen and hence were not able to use the shared screen as planned. Nonetheless 

the students still managed to use the Internet provided in X-Space to discuss the 

quiz questions. Substituting for the shared screen, each group shared one 

technology device (laptop or tablet) among themselves to do the research required 

in the quiz. After the 10 minutes discussion period, each group was split to 

different tables to solve the quiz questions individually. Based on the observation, 

it was found that the group discussion was actively participated, the learning 

space was conducive and technology was well used. All three factors were 

effectively applied in the intervention.  

 

3.4.  Post intervention survey 
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A post intervention survey was conducted to understand the impact of the 

intervention. As this survey was conducted the week after intervention, only 22 

students participated. The results were compared against the results of another 

survey where the same students were asked similar questions about their regular 

tutorial class. 

The normality test indicated that the data were normally distributed for four of 

the constructs and were not normally distributed for two of them. The paired 

sample t-test was used to test the sample data that was normally distributed while 

the Wilcoxon Signed Rank Test was used for the sample data that was not 

normally distributed.  

Table 3 lists the acronyms used for the constructs. For example, IPC stands for 

Intervention Pedagogy Cognitive and represents the post intervention survey 

results for the effect of collaborative pedagogy on the cognitive domain. CPC on 

the other hand represents the survey results for the effect of regular tutorial class 

pedagogy on the cognitive domain with the first letter “C” denoting it as the 

control or pre-intervention effect.  

Wilcoxon Signed Rank Test was used to analyse IPC-CPC and ITC-CTC 

sample data which were not normally distributed while the paired sample t-test 

was used to analyse the other constructs’ sample data which were normally 

distributed. Tables 4 and 5 show the results of the paired sample t-test and 

Wilcoxon signed ranked test respectively.  

Based on Table 5, all pairs have shown to have a significant difference (p < 

0.05) between the intervention tutorial with the regular tutorial for the 

collaborative pedagogy on affective domain (PA), learning space on affective 

domain (SA), technology on affective domain (TA), and learning space on 

cognitive domain (SC) constructs. Results from statistical analysis reported in 

Table 5 shows that there is a significant difference (p = 0.005 < 0.05) for the 

intervention tutorial for technology on cognitive domain (TC) but no significant 

difference (p = 0.761 > 0.05) collaborative pedagogy on cognitive domain (PC).  

Table 3. List of acronyms used for SPSS analysis. 

 

 

Acronyms Definition 

CPA Control Pedagogy Affective 

CPC Control Pedagogy Cognitive 

CSA Control Space Affective 

CSC Control Space Cognitive 

CTA Control Technology Affective 

CTC Control Technology Cognitive 

IPA Intervention Pedagogy Affective 

IPC Intervention Pedagogy Cognitive 

ISA Intervention Space Affective 

ISC Intervention Space Cognitive 

ITA Intervention Technology Affective 

ITC Intervention Technology Cognitive 
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Table 4. Results of paired sample t-test. 

Construct N Mean 
Std. 

Deviation 
p-value 

IPC 22 3.7727 0.71092 
0.761 

CPC 22 3.7614 0.64308 

ISC 22 3.8636 0.90214 
0.011 

CSC 22 3.0682 0.89036 

ISA 22 3.8864 0.77046 
0.001 

CSA 22 2.7727 0.96025 

ITA 22 4.2432 0.60146 
0.001 

CTA 22 3.3932 0.63150 

 

Table 5. Results of Wilcoxon Signed Rank test 

Construct N Mean 
Std. 

Deviation 
p-value 

IPA 22 3.6818 0.58849 
0.013 

CPA 22 3.3182 0.63237 

ITC 22 4.0764 0.68940 
0.005 

CTC 22 3.2873 0.72221 

Collaborative learning in this study was shown to have no significant 

difference on the cognitive learning domain. It is believed that in this case 

collaborative learning is considered an as yet unfamiliar experience to these 

students. They could have preferred a more direct approach where the lecturer 

directly taught the tutorial questions. It would take time for students to adapt to 

the change of approach. Moreover among the comments received from the survey, 

one student mentioned that group discussion is good but self-learning can help 

him be independent as he is able to analyse something without assistance. The 

very close mean scores of IPC and CPC support the inferential results that there is 

no significant difference between collaborative pedagogy and the regular 

pedagogy at this stage. 

On the other hand, students do attach a value to collaborative learning (IPA-

CPA, p-value = 0.013 < 0.05) even if they did not consider it more helpful to them 

in learning cognitively. These results have indicated that students were more willing 

to attempt the tutorial questions in a group than to doing it on their own.  

There is a significant difference (p-value = 0.01< 0.05) and (p-value = 0.005 < 

0.05) observed for the effect of technology on both the affective and the cognitive 

domains. Intervention results ITA and ITC, obtained the highest mean scores, i.e., 

4.24 and 4.07 respectively. This proved technology plays an important role in 

students’ learning. Students valued the usage of internet during tutorial class to 

help them learn. In a regular tutorial session, technology such as the internet is 

usually not used to aid students in answering tutorial questions. However when 

this was implemented in the intervention tutorial, a positive impact was observed 

for both cognitive and affective domain responses. 

Learning space was also observed to have a positive impact on students’ 

cognitive and affective learning domains with (p-value = 0.011< 0.05) and (p-value 
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= 0.001 < 0.05) respectively, showing a significant difference between tutorial 

sessions in X-Space versus in regular classrooms. A huge difference in mean score 

between ISA and CSA was observed (3.89 for ISA versus 2.77 for CSA) indicating 

the large impact on the affective domain due to learning space. Among the written 

responses received, 3 students recommended the X-Space be used more often while 

none rejected its use. Furthermore one student wrote that the round table seating 

arrangement gave the illusion of a smaller class. These results clearly indicate that 

students benefitted from the use of specially designed learning spaces and that they 

appreciated it very much. It is safe to conclude that the right type of learning space 

improved students’ learning both cognitively and affectively.   

The impact of both learning space and technology on students’ affective 

domain is very significant while their impact on the cognitive domain is also 

significant. However the impact of collaborative learning pedagogy was not as 

significant as that of learning space and technology. While there is an impact on 

the affective domain, collaborative learning pedagogy was found to have made no 

significant impact on the cognitive domain, at least in this study. This could be 

because the students may need more time to adapt to this change in pedagogy.  

 

3.5.  Visual learning 

Based on the learning style survey, an overwhelming majority of students 

preferred the visual learning style. The Advanced Thermofluid Engineering’s 

module coordinator had informed the authors that his lecture slides for the current 

semester was edited to become more visually oriented compared his slides for the 

previous semester. A survey was conducted to determine if this change had a 

significant impact on students’ learning.  

Twenty students from the previous cohort and 17 students from the current 

cohort of this module participated in this survey. As the sample size for both 

batches was below 30, a normality test was again conducted with the sample data 

being found to be normally distributed. Thus an independent t-test was conduct.  

Table 6 shows that the independent t-test did not reveal any significant 

difference between the two cohorts. Upon initial observation it might appear that 

the more visual lecture slides did not result in any significant difference. However 

further observation revealed a significant improvement in the mean score this 

semester, 3.37 compared to 2.92 previously. There was also a noticeable outlier 

observed in the data of the current semester. 

Table 6. Visual leaning survey results. 

Semster N Mean 
Std. 

Deviation 
p-value 

Mar'14 19 2.9211 0.80817 0.150 

Mar'15 16 3.375 1.01242 0.159 

The mean scores obtained from the survey ranged from 2 to 3.75 for the 

previous March 2014 cohort and from 1 to 4.75 for the current March 2015 cohort. 

For the March 2015 cohort, one respondent returned an average score of 1, which 

was inconsistent with the rest of the March 2015 cohort’s scores.  If this was treated 

as an outlier and consequently not considered in the analysis, then the scores for the 
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March 2015 would range from 2.25 to 4.75 instead of 1 to 4.75. The independent t-

test was repeated after removing the outlier. Table 7 shows results generated. 

Table 7. Visual learning survey results (without outlier). 

Semster N Mean 
Std. 

Deviation 
p-value 

Mar'14 19 2.9211 0.80817 0.037 

Mar'15 15 3.5333 0.81759 0.037 

The standard deviation for the March 2015 cohort reduced from 1.01242 to 

0.81759. This resulting standard deviation with the outlier removed is closer to 

the standard deviation of the March 2014 cohort of 0.80817 shown in Table 7. 

The t-test now indicated a significant difference (p = 0.037 < 0.05) which meant 

that there was indeed a better outcome perceived by the students’ in their learning 

for the March 2015 cohort compared to the March 2014 cohort. The impact of 

gearing lecture delivery to students’ preferred learning style appeared to have 

significant impact after discounting the outlier. 

An outlier is a score that is not aligned with the rest of the data. An outlier can 

cause the standard deviation to increase and thus cause an inaccurate conclusion 

from the t-test, if the outlier cannot be justified. There are many reasons why the 

outlier was observed. Perhaps that student participated reluctantly in the survey, 

or did not treat the survey seriously, or it could also have been a weak student 

who did not understand the subject and would have given a low score regardless 

of the type of slides used. Even with the inclusion of the outlier, the mean score 

for March 2015 was noticeably higher at 3.375 compared to 2.921 for March 

2014. However without the outlier it increased further to 3.533. 

3.6. Summary of results 

A summary of the results discussed in the preceding sections is given in Table 8. 

Table 8. Summary of results 

Intervention type

  

Impact on learning domains 

 

Remarks 

Cognitive Affective 

Collaborative 

learning pedagogy 

No Yes  

Use of technology Yes Yes Highest impact on 

or both cognitive 

and affective 

learning domains. 

Purpose designed 

learning space 

Yes Yes  

Preferred learning 

style delivery 

(visual) 

Yes Not applicable Learning style 

methods were 

designed for 

cognitive learning 

domains. 

Presence of an 
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outlier in the data 

was disregarded. 

 

4.  Conclusion 

An investigation had been made on the effect of collaborative pedagogy, 

technology and learning space on students’ cognitive and affective learning 

domains. A further investigation was conducted on the effectiveness of gearing 

content delivery suited to students’ preferred learning style. Some concluding 

observations obtained through the investigation are given below. 

 

 Collaborative learning pedagogy was shown to have a statistically 

significant effect on improving the students’ affective learning but not their 

cognitive learning. 

 The use of technology, i.e., the internet by the students during a tutorial class 

was found to have a statistically significant effect on improving both 

cognitive and affective learning. The improvement effect of this intervention 

on both the learning domains was the most significant among the 

interventions used in this study. 

 A well designed learning space was shown to have a statistically significant 

effect on improving both cognitive and affective learning.  

 A teaching style delivery more suited to the students’ preferred learning style, i.e., 

the visual learning style in this study, was shown to be beneficial to the students.  

 

In conclusion, the application of collaborative learning pedagogy, appropriate 

use of technology, providing well designed learning spaces as well as adapting to 

students’ preferred learning style were shown to have positive impacts on the 

cognitive and affective learning domains of a cohort of engineering students 

consequently leading to positive outcomes in their holistic development.  

Future work could include surveying other modules which have larger sample 

sizes, conducting a more sustained effort at collaborative learning and researching 

modules which have prominent psychomotor learning domains. 
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Module Identifying Survey – Industrial Survey Form 
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