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ABSTRACT

Chromatography is a high-technology instrument that is widely used in the various in the various industry for decades. 
Hence, Science Bachelor Graduates’ that possesses ability to handle instrumentation are useful for their job nature. 
Learning approach that depends highly on lecture mode only enhance students’ knowledge on chromatographic techniques, 
but they might not possess skills on instruments handling. Therefore, the learning approach of Chemical Instrumentation 
Method (KKKR5833) subject using a Kolb Experiental Learning Theory are running by hybrid mode of lecture and hands-
on teaching approach on chromatography. A total of 16 registered students were the respondent of this study. These 
students had been given lecture on the theoretical part of chromatography and later on, in agreement with the experiential 
learning theories, student will experience hands-on learning activity in HPLC laboratory session. Finally, a full report 
after completing the hands-on session for their overall experience in laboratory. Majority of the students that took this 
elective subject agreed that hands-on experience of using chromatography increases their knowledge on it and mastering 
the preparation of sample skill is very useful while 50% of the students put more effort in this subject and manage to score 
excellently. Moreover, majority graduate student express agreement that basic knowledge and skills on chromatographic is 
important before working and indicated that students with knowledge and skills on chromatographic instrumentation have 
higher chance of employment. This statement also agreed by respondent from industries. This prove that hands-on teaching 
and learning approach in laboratory using chromatography instrument able to enhance knowledge and student skills.    
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INTRODUCTION

As a practicing profession, the engineering curriculum 
must include laboratory experience to prepare students 
for engineering practice when they graduated. Laboratory 
experiments are practical activities used to integrate theory 
with practice, and therefore need to be carefully designed 
and implemented to enable students to make the connections 
between theory and practice. In this regard, much research 
reported that laboratory works has been found to be superior 
to lectures and tutorials in teaching manual skills, providing 
an understanding of equipment and developing skills of 
scientific inquiry (Salim et al. 2009; Penerbit UKM 2016.

Laboratory experience is important in preparing 
students with hands-on skills, leadership skills, team 
working skills and communication skills, which are 
needed in the real world. Laboratories are the platform 
from which teamworking, oral and written communication 
skill development and engineering ethics are applied and 

emphasized. The laboratory experience which most students 
have prior to entering tertiary institutions does not guarantee 
a good performance in the Engineering laboratory courses. 
Therefore, it is the responsibility of the University, the 
faculty and the department to provide sufficient practical 
activities in order to prepare students with the skills expected 
at the workplace. Every student must register and pass the 
specified laboratory course to graduate (Salim et al. 2009; 
Penerbit UKM 2016). 

This research is to report the results of the importance 
and benefits of using hands on approach in teaching 
and learning activity in the laboratory using analytical 
instruments which is HPLC. This research context referred 
to the elective course entitle Chemical Instrumentation 
Method (KKKR5833). The main purpose of this elective 
course is to provide exposure and knowledge to students 
regarding the concept of chemical instrumentation in 
conducting chemical analysis. It will emphasize on the basic 
theories and key principles of chemical instrumentation as 
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well as provide the opportunity for students to use most of 
the equipment found in the departmental analysis laboratory 
through lab work given throughout the course. The general 
concepts of electronic design such as multiplication of 
signals, electronic digits and signal-to-noise ratio equipment 
will also be discussed. 

Furthermore, students will also be exposed to the 
latest instrumentation analysis in the determination of the 
chemical structure, measurement of the concentration and 
purity and undergoing the process of quality assurance in 
instrumentation measurement. Teaching plan for this course 
include 14 weeks of learning and assessment of courses 
covering assignments (25-40%), mid-semester exams (30-
40%) and final examination (40-50%) (Salim et al. 2009; 
Penerbit UKM 2016). 

Normally, knowledge is presented monotonously during 
lecture. Thus, it is very difficult to include all aspect of 
skills such as communication, teamwork, critical thinking, 
innovation, and creativity in lecture hall only (Bennett et 
al. 2000; Norzaini and Doria; 2021; Yusriza et al. 2021). To 
balance the aspects mentioned above, the assignments are 
prepared to provide students the opportunity to cultivate 
all generic skills as well as self-learning and experience-
based learning skills (Chang et al. 2016; Tony et al. 2018; 
Chee 2019; Irina et al. 2019; Ridzuan et al. 2019; Aisyah 
and Mimi 2021; Noraien 2008). According to William et al. 
this is a new teaching approach are good to implemented 
to students in the era of technology (William et al. 2016; 
Waleed et al. 2018).

The main objective that is greatly emphasized in this 
course is students can apply the theory learned in lectures 
to laboratory activities using high-tech instruments for their 
job in the future. The analytical industry is handling various 
types of analytical instrumentation that serve the needs of the 
society (Ika et al. 2011; Marfunizah et al. 2018; Waleed et al. 
2018). These industries are constantly looking for potential 
workers that have the knowledge and skills in handling the 
chromatography instrumentation because not all graduated 
students have this knowledge and skills. They do not have 
to train their workers if they already have such skills and 
knowledge. In addition, the student has been hands-on skills 
which is not only focus on theory. Thus, the students that 
have these kind of skills and knowledge are having a higher 
chance of employment compared to those that do not have 
(Mohamed 2014, Rosilah et al. 2017; Mohammad 2016). 
The aim of this paper is to investigate the students and 
industry perception towards this subject implemented in 
Department of Chemical and Process Engineering (JKKP), 
Faculty of Engineering and Built Environment (FKAB) 
UKM. Thus, we want to determine the performance of the 
students when the developed teaching method have been 
implemented in the current semester.

EXPERIENTIAL LEARNING THEORY

There is various theoretical model that tried to explain 
how human being learn. One of the theories which is well 

known and also referred by many researchers and educator 
is experimental learning theory. This theory emphasized on 
the aspect of developing students’ skill on whole and holistic 
through experiencing learning in the real world. This theory 
is introduced by Kolb (1984).

According to Kolb, experiential learning theory is 
particularly interesting because it emphasize on cognitive 
influences, emotions and physical and social experience 
towards educational growth of a person (Kolb 1984). 
Besides, this theory also focuses on learner’s learning 
perspective. Thus, the planning of teaching and learning 
activity is planned as such that it fulfills the needs of 
students where the students are required to involve actively 
in the learning process. Therefore, it can be concluded 
that experiential learning theory rejects conventional and 
didactic teaching and learning approach (Kolb 1984).

According to Kolb’s experiential learning cycle, 
learning process can be categorized to 4 phase where the 
early phase will provide feed forward for the following 
phase (Kolb 1984). In addition, an active learning process 
will only happen when an individual gone through all four 
phases as stated:
1. Concrete experience
2. Reflective observation
3. Abstract conceptualization
4. Active experimentation

It is all known that universities have the responsibility 
to prepare leaders and members for the community that is 
able to apply the knowledge they gain to real-world context 
(Mehrnaz and Khairuddin 2016). Therefore, with reference 
to Kolb’s experiential learning theory, a hybrid learning, and 
teaching approach is used.

MATERIALS AND METHODS

TEACHING METHOD

The teaching method used to teach this course in university 
is a hybrid learning and teaching approach which emphasize 
on both lecture and laboratory session that encourage 
student’s active involvement. During lecture, knowledge 
is presented to students in theory according to syllabus 
while during laboratory session, students will be given 
opportunity to hands on the high technology instruments 
that they had learnt theoretically in lecture. After lecture, 
the students might not able to get a clear picture on how 
the HPLC works and how to handle it and thus, laboratory 
session is introduced to give students experience in handling 
those high technology instruments and not only understand 
it in theory. This course is a 2-hour credit course which 
include 1 hour of lecture and 2 hours of laboratory after the 
lecture in a week.

This approach of teaching and learning is extracted 
from the Kolb experiential learning theory. In Kolb’s 
theory, students were to touch all 4 stage to complete the 
learning process. In this hybrid theory, it reflects the 4 stages 
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of learning as students have to pass all 4 stages which is 
planning or trying out what they have learnt, doing or having 
an experience, reviewing or reflecting on the experience and 
learning from the experience. The laboratory session of this 
course manages to provide them the platform for all 4 stages:
1. read up the manual and how to handle the activity 

before entering laboratory
2. laboratory session on HPLC 
3. hands-on on the HPLC and preparation of samples
4. laboratory report on the session

In addition, laboratory procedure on the activity will be 
given to students earlier so that they could be prepared with 
knowledge such as preparation of standards and samples for 
the chromatography analysis (Skoog 2017).

Hands-on in instrument HPLC is included from 
standard preparation, sample preparation, HPLC set up, 
injecting sample or standard into HPLC and analysis or 
chromatography.

GROUPING DIVISION

As the laboratory have limited apparatus and instruments for 
students to use, students will be divided into small groups. A 
small group is preferred so that the student have the chance 

to hands on and not just sit in during the laboratory session. 
Each group contains three to four members who need to 
know each person’s role. The students will divide jobs 
among themselves equally and know each other job.

TYPES OF SURVEY CONDUCTED

The types of survey used to find out the results of 
effectiveness of introducing hands-on activity into teaching 
this elective subject are:
1. survey form for students and people working in 

industries
2. interview with students

The survey form for students and people working in 
industries are created respectively through google form and 
distributed to target respondents to give respond. Different 
questions regarding the effectiveness of this hybrid form 
of teaching is evaluated by students whereas different 
questions regarding the needs and expectation of industries 
towards graduates that will work with them. 

The interview carried out with students which require 
students to share their experiences of going through this 
hybrid teaching method and how this teaching method 
affects them. 

FIGURE 1. Example of procedure/methodology of chromatography laboratory

FIGURE 2. Student is preparing a standard solution using a 
micropipette

FIGURE 3. The standard solution prepared according to the 
required concentration



340

FIGURE 4. The standard solution was transferred into the HPLC 
container, ready for analysis

FIGURE 5. The student is analyzing samples using UV-Vis 
Spectrophotometer

RESULTS AND DISCUSSION

Referring to the survey conducted on all students who 
have taken this subject, all the students agreed that the 

experiments carried out had increased their knowledge and 
interest towards this subject. Those students also became 
clearer about the operating system of chromatographic 
instruments in the laboratory. 

Referring to Figure 6, 100% of the students supported 
the fact that with the addition of experiment that involve 
instrumentation in laboratory is very good and appropriate. 
Students mentioned that they are interested in this subject 
because it does not only focus on classroom learning but 
also alternate with laboratory session. They also mentioned 
that the laboratory session helped her a lot in understanding 
the theory when she has the chance to experience hands-on 
and have a clear picture on how HPLC works. In addition 
to that, laboratory session could also develop students’ 
laboratory skills and HPLC handling technique. This is an 
advantage towards students after they graduate as they have 
an extra skill that the industry is looking for. 

Figure 7 explains the level of effort that the student has 
given towards this elective subject. A total of 12 students 
that have taken this elective subject put an excellent to 
satisfactory effort towards this subject. Students said that 
they have work hard and also willing to spend their time to 
prepare the experiments provided and to analyze the data 
obtained. This may be due to the increase of interest towards 
this subject as they can experience hands-on activity in the 
same time gaining knowledge on chromatography and 
instruments instead of just focusing in lecture class. The 
more they understand the subject, the more they develop 
interest in it. Thus, the student would be willing to put effort 
in studying this subject (Kumneger & Belay 2018; Kok et 
al. 2018).

FIGURE 6. Survey on using chromatographic instruments in laboratory
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FIGURE 7. Aspect effort the students given to this subject

From the survey conducted, the students have rated 
that the contribution of knowledge of the subject towards 
students was very good. This subject contribute not only 
knowledge but also skills towards students in terms of 
instrumentations and chromatography. This is shown from 
the student’s knowledge before following this subject as in 

Figure 8. Students’ knowledge is found to be inadequate 
or in moderation in this subject. When the students follow 
this subject class, the students have started to develop 
interest in this subject as it increases the knowledge about 
chromatography and instrumentations in students improved 
to very good and excellent level. 

FIGURE 8. Contribution to knowledge of this subject

Skills and responses to lecturers’ efforts to teach this 
subject have been evaluated as shown in Figure 9. Figure 7 
explains the level of effort that the student has given towards 
this elective subject. A total of 12 students that have taken 
this elective subject put an excellent to satisfactory effort 
towards this subject. Students said that they have work 
hard and also willing to spend their time to prepare the 
experiments provided and to analyze the data obtained. This 

may be due to the increase of interest towards this subject 
as they can experience hands-on activity in the same time 
gaining knowledge on chromatography and instruments 
instead of just focusing in lecture class. The more they 
understand the subject, the more they develop interest in it. 
Thus, the student would be willing to put effort in studying 
this subject (Kumneger & Belay 2018; Kok et al. 2018).



FIGURE 9. Skills and responses towards lecturers’ efforts in teaching these subjects

The industry reported from a survey that basic knowledge 
of chemical instruments such as high-performance liquid 
chromatography (HPLC), gas chromatography (GC), ultra-
violet visible spectroscopy (UV-Vis) and so on are important 
criteria for an employee before starting work in the field 
of factory analysis or company with analytical laboratory. 
According to literature, the company would like to hire a 
worker with the skills and knowledge in chromatographic 
instrumentations to work in their analysis laboratory instead 

FIGURE 10. Importance of chemical instrumentation method towards industries

of workers that do not have such skills and knowledge 
(Mehrnaz and Khairuddin 2016; Kok et al. 2018; Nur Ain et 
al. 2020). 92.9% of the industry site agreed that the subject 
of chemical instrumentation provides early exposure to 
students on the importance of basic knowledge of handling 
instruments in the analysis laboratory (Figure 10). They also 
suggest that important aspects such as instrument overhaul 
methods are introduced to students. It is important for 
students to have basic knowledge on instrument repairs.

Normally, chemical instruments present in Analytical 
Laboratory in the industries are HPLC and GC according to 
the survey that have been conducted with the people from 
different industries (Figure 11). This is particularly relevant 
for the purpose of this subject which emphasizes the usage 
of HPLC instrument in laboratory activities. Students are 
exposed to skills on using HPLC instrument tools such as 

procedures to prepare standard solutions for calibration 
purposes, sample preparation for analysis, how to inject 
sample into HPLC, sample analysis and analyzing data from 
chromatogram obtained. This is a very useful knowledge 
that has been acquired by students who take this elective 
subject.
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FIGURE 11. Most important instruments in analytical laboratory

FIGURE 12. Estimated fee required by industry to send employees for training on using chromatographic instruments 

Figure 12 shows the estimated fee required by 
industries to send their employees for training on using 
chromatographic instruments. The results showed that the 
industry required more than RM5000 to send an unskillful 
employee to attend the training or workshop on usage and 
handling of the instruments in the analytical laboratory. 
If the industries have many instruments to use in their 
industrial processes, then the higher the amounts will be 
allocating to send employees to workshops or appropriate 
training to produce skilled workers. This high amount of 
budget needs to be spent by the industrial manager to ensure 

that its employees become proficient in analyzing samples 
using chromatographic instruments. Among the important 
workshops to be attended were the introductory workshop on 
chromatography, the technique of analyzing samples using 
chromatographic instruments and methods for analysis. If 
the student already well equipped with chromatography 
skill and knowledge, they will have a higher chance of 
employment since the employee in the industries do not 
have to use their budget to send workers for training or 
workshop (Kok et al. 2018; Nur Ain et al. 2020).
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The examination results for year 2014, 2015 and 2017 
obtained indicate that students are in excellent level after 
attending lectures in hybrid mode where the lecture is 
alternate with instrument laboratories session. In 2017 was 
the first attempt to alternate experiment with laboratories 

with theory lectures. This shows that the results of the 
successful decision are that 56.25% of students successfully 
obtain Grade B and above. Compared to 2015 and 2014. 
This good performance should be maintained for the year 
ahead.

TABLE 1. Examination results of students that have taken the elective subject chemical instrumentation method

Grade Pointer Lower limit Upper limit Number of students Percentage
2017

A 4 80 100 1 0.06
A- 3.67 75 79.9 2 0.13
B+ 3.33 70 74.9 5 0.31
B 3 65 69.9 1 0.06

2015
A 4 80 100 0 0.00
A- 3.67 75 79.9 6 0.43
B+ 3.33 70 74.9 7 0.50
B 3 65 69.9 1 0.07

2014
A 4 80 100 3 0.33
A- 3.67 75 79.9 0 0.00
B+ 3.33 70 74.9 2 0.22
B 3 65 69.9 1 0.11

CONCLUSION

Overall, this teaching methodology has helped the students 
as well as the industries in increasing the teaching method 
versatility. Students able to possess knowledge as well as 
skills in chromatographic analysis which the industries 
required by using this hybrid teaching approach in Chemical 
Instrumentation Method (KKKR5833). In addition, with the 
hybrid teaching approach, students will have the chance to 
apply what they have learn in the lecture into the alternating 
hands-on laboratory session during the course weekly. 
Effective teaching techniques and hybrid teaching approach 
are capable of upgrading the education system at Universiti 
Kebangsaan Malaysia shown by increased number of 
students that taken this course getting excellent results in 
examinations. In addition, this teaching approach can also 
equip students with additional knowledge and skills for their 
future career. 
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